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DISCLAIMER

This document is a Final Report. It has been reviewed by the National
Marine Fisheries Service and the National Oceanic and Atmospheric
Administration and approved for printing. Such approval does not
signify that the contents necessarily reflect the views and policies
of the U. S. Department of Energy, NOAA or NMFS. This report has not
been formally released by the DOE. Mention of trade names and commer-
cial products herein does not constitute endorsement or recommendation
for use.
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NOTICE

This document is an Final Report. It has not been formally released
by the U. S. Department of Energy and should not at this stage be
construeo to represent Agency policy.

This volume should be citen as follows:

Comiskey, C., R. McCord, D. Bozworth, S. Gradv, C. Hall, C. Brandt and
T. Farmer. 1982. Analysis of data on shrimping success, shrimp
recruitment and associated environmental variables. Vol. I (A).
In: Klima, E. F. (Contracting Officer's Teohnical Representa-
tive) • Shrimp and redfish studies1 Bryan Mound brine disposal
site off Freeport, Texas, 1979-1981. NOAA Technical Memorandum
NMFS-SEFC-65, 519 p. Available from: NTIS, Springfield,
Virginia.
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INTRODUCTION

In compliance with the Energy Policy and Conservation Act of 1975,
Title 1, Part B (Public Law 94-163), the Department of Energy (DOE)
implemented the Strategic Petroleum Reserve (SPR) with the goal of
stor ing a minimum of one billion barrels of crude oil. After eva-
luating several physical storage possibilities, DOE determined that
storage in commercially developed salt dome cavities through solution-
mining processes was the most economically and environmentally advan-
tageous option.

Four coastal areas along the northwestern Gulf of Mexico were assessed
for brine discharge into nearshore waters (Figure 1). This project,
"Shrimp and Redfish Studies1 Bryan Mound Brine Disposal Site off
Freeport, Texas", deals with potential impacts of brine disposal from
the Bryan Mound site. Under permit from the Environmental Protection
Agency (EPA), this brine discharge site (Latitude 280 44.28'N1
Longitude 950 l4.64'W) was selected about 12.5 miles directly offshore
of Bryan Mound.

National Strategic Petroleum Reserve
Brine Disposal Analysis

• SALT DOME STORAGE SITES
• CANOl DA TE BRINE DISCHARGE SITES

- CANDIDATE PIPELINESo STUDIES BY NOAAo STUDIES 8Y OTHERS

,-.-
TEXAS

-,.~\
~

•-,-
GUL F OF, ,I" ••- II" ,..- ,

II-

Figure 1. Regions of Study for Brine Disposal Assessment-DOE/NOAA
Interagency Agreement (adapted from Environmental Data and Informa-
tion Service, DOC/NOAA).
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The process of creating a storage cavern within a salt dome involves
dissolving the solid salts with raw water. The water source for
leaching of the Bryan Mound salt dome is the Brazos River. Water from
the Brazos River is piped under pressure into the dome. The resultant
brine (dissolved salts) is discharged, at variable rates (over 100,000
barrels/day) into the Gulf of Mexico.

To complement the site-specific oceanographic and biological moni-
toring of brine disposal conducted by Texas A&M University, a regional
assessment of important commercial and recreational fisheries was ini-
tiated in August, 1979. The objectives of this assessment were (1) to
conduct a pre-discharge/post-discharge assessment of shrimp popula-
tions in relation to the Bryan Mound salt dome brine disposal site and
(2) to determine acute toxicity and avoidance/attraction responses of
shrimp and redfish to Bryan Mound brine. These objectives were
achieved through field and laboratory investigations and through sta-
tistical analysis of the data. Specific studies included (1) analysis
of data on shrimping success, shrimp recruitment and associated
environmental variables, (2) analysis of Texas coast shrimp catch and
effort data, (3) shrimp mark-release investigations, (4) shrimp
spawning site survey, (5) interview sampling survey of shrimp catch
and effort, (6) brine toxicity and avoidance/attraction bioassays on
redfish and (7) brine toxicity and avoidance/attraction bioassays on
shrimp.

The major products of the Shrimp and Redfish Studies are: Final
Reports available through the National Technical Information Service
(NTIS), Springfield, Virginia; data files available through the
Environmental Data and Information Service (EDIS), Washington, D.C.,
and any publications that may be written -by participating principal
investigators and submitted to scientific or technical journals.
Preliminary results have been made available through OOE/NOAA!NMFS
project reviews and workshops attended by project participants and
various governmental, private and public user groups.

The DOE has developed comprehensive Environmental Impact Statements
listed below:

1. Strategic Petroleum Reserve - Seaway Group Salt Domes, June 1978,
Final EIS, DOE/EIS-002l.

2. Strategic Petroleum Reserve - Bryan Mound Salt Domes, January
1977, Final EIS, FES 76/77-6.

3. Strategic Petroleum Reserve - Expansion of Reserve, January 1979,
Final Supplement to Final EIS, FEA-FES-76-2.
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All three reports are available from the U.S. Department of Commerce,
National Technical Information Service (NTIS), 5285 Port Royal Road,
Springfield, Virginia 22161.

Texas A&M University (TAMU) has conducted s~udies of physical
oceanography, sediments, water quality, benthos and nekton at the
Bryan Mound br ine disposal site from September, 1977 to February,
1979. In addition, TAMU has developed a towed sensing system for
tracking the brine plume. Results of this research are available in:

Metzbower, H. T., S. S. Curry and F. A. Godshall. 1980. Handbook
of the Marine Environment - Bryan Mound. NOAA Report to DOE
Strategic Petroleum Reserve Program, Salt Dome Storage/Brine.
92 p.

The Massachusetts Institute of Technology (MIT) has developed a mathe-
matical, 3-dimensional, hydrodynamic simulation model of the brine
plume dispersion. The model and -test-tank simulations have the capa-
city to evaluate effects of varying effluent discharge rates and
currents and to identify various plume configurations and densities.
Salinity dispersion was modeled showing that a dilution rate of 100:1
can be expected within 100 feet of the diffuser head. The MIT analy-
ses are available in DOE's final Bryan Mound EIS (FES 76/77-6) listed
earlier.

xii



LIST OF REPORTSANDPUBLICATIONS

Shrimp and Redfish Studies, Brvan Mound Brine Disposal Site off
Freeport, Texas 1979-1981

Comiskey, C., R. McCord, D. Bozworth, S. Gradv, C. Hall, C. Brandt and
T. Farmer. 1982. Analyses of data on shrimping success, shrimp
recruitment and associated environmental variables. Vol. I (A) •
In: Klima, E. F. (Contracting Officer's Technical Representa-
tive) • Shrimp and redfish studies: Bryan Mound brine disposal
site off Freeport, Texas, 1979-1981. NOAATechnical Memorandum
NMFS-SEFC-65. 449 p. NOAA,NTIS, Accession No. _

Comiskey, C., R. McCord, D. Bozworth, S. Grady, C. Hall, C. Brandt
and T. Farmer. 1982. Texas coast shrimp catch and effort data
analysis. Vol. I(B). In: Klima, E. F. (Contracting Officer's
Technical Representative). Shrimp ann redfish studies: Brvan
Mounn brine disposal site off Freeport, Texas, 1979-1981. NOAA
Technical Memorandum NMFS-SEFC-65. 217 p. NOAA,NTIS Accession
No.

Gallawav, B. J. and L. A. Reitsema. 1981. Shrimp spawning site
survey. Vol. III. In: Jackson, W. B. ann E. P. wilkens
(ens.) • Shrimp ann redfish studies: Bryan Mound brine disposal
site off Freeport, Texas, 1979-1981. NOAATechnical Memorandum
NMFS-SEFC-67, 84 p. NOAA,NTIS, Accession No. PB8l-24959l.

Howe, N. R. 1981. Brine toxicity and avoidance/attraction bioassays
on shrimp. Vol. VI. In.: Jackson, W. B. and E. P. Wilkens
(eds.) • Shrimp and redfish studies: Brvan Mound brine disposal
site off Freeport, Texas, 1979-1981. NOAATechnical Memorandum
NMFS-SEFC-70, 60 p. NOAA,NTIS Accession No. PB81-249609

Johnson, M. F. 1981. Shrimp mark-release investigations. Vol. II.
!n.: Jackson, W. B. and E. P. Wilkens (eds.). Shrimp and redfish
studies: Bryan Mound brine disposal site off Freeport, Texas,
1979-1981. NOAA Technical Memorandum NMFS-SEFC-66, 110 P.
NOAA,NTIS Accession No. PB81-249583.

Johnson, M. F. 1981. Interview sampling survey of shrimp catch and
effort. Vol. IV. In: Jackson, W. B. and J. R. Bennett (eds.).
Shrimp and redfish studies: Bryan Mound brine disposal site off
Freeport, Texas, 1979-1981. NOAATechnical MemorandumNMFS-SEFC-
68, 38 p. NOAA,NTIS Accession No. PB82-l16062.

xiii



Neff, J. M., M. P. Coglianse, L. A. Reitsema, S. And~Hson and w.
McCulloch. 1981. Brine toxicity bioassays on redfish.
Vol. V (Part A). In: Jackson, W. B. (editor). Shrimp and
redfish studies1 Bryan Mound brine disposal site off Freeport.,
Texas, 1979-1981. NOAATechnical MemorandumNMFS-SEFC-69.109 p.
NOAA,NTIS Accession No.

Owens, D. W., K. A. Jones and L. A. Reitsema. 1981. Brine
avoidance/attraction bioassays on redfish. Vol. V (Part B). In:
Jackson, W. B. (editor). Shrimp and redfish studies1 Bryan Mound
brine disposal site off Freeport, Texas, 1979-1981. NOAA
Technical MemorandumNMFS-SEFC-69. 75 p. NOAA,NTIS Accession
No.

Biological/Chemical Survey of Texomaand Cap1ine Sector Salt Dome
Brine Disposal Sites off Louisiana, 1978-1979

Boehm, P. D. and D~ L. Fiest. 1980. Determine hydrocarbon com-
position and concentration in major components of the marine eco-
system. Vol. VI. In: Jackson, W. B. and G. M. Faw (eds.).
Bioloqical/chemioal survey of Texoma and Capline sector salt dome
brine disposal sites off Louisiana, 1978-1979. NOAATechnical
Memorandum NMFS-SEFC-30, 164 p. NOAA, NTIS Accession No.
PB81-174971.

Brooks, J. M. 1980. Determine seasonal var iations in inorganic
nutrient compostion and concentration of the water column. Vol.
VIII. In: Jackson, W. B. and G. M. Faw (eds.). Biological/
chemical-survey of Texoma and Capline sector salt dome brine
disposal sites off Louisiana, 1978-1979. NOAATechnical Memo-
randum NMFS-SEFC-32,S5 p. NOAA,NTIS Accession No. PB81-182685.

Hausknecht, K. A. 1980. Describe surficial se~iments ann suspended
particulate matter. Vol. V. In: Jackson, W. B. and G~ M. Faw
(eds.). Biological/chemical survey of Texoma and Capline sector
salt dome brine disposal sites off Louisiana, 19798-1979. NOAA
Technical MemorandumNMFS-SEFC-29,83 p. NOAA,NTIS, Accession
No. PBBl-174963.

Landry, A. M. and H. W. Armstrong. 1980. Determine seasonal abun-
dance, distribution and cormnunitv composition of demersal fin-
fishes and macro-crustaceans. Vol. IV. In: Jackson, W. B. and
G. M. Faw (eds.). Biological/chemical survey of Texoma and
Capline sector salt dome brine IUsposa1 sites off Louisiana,
1978-1979. NOAA Technical Memorandum NMFS-SEFC-28, 226 p.
NOAA,NTIS Accession No. PB81-174955.

xiv



Margraf, F. J. 1~80. Analysis of variance of gulf coast shrimp data.
Vol. IX. In: Jackson, W. B. and G. M. Faw (eds.). Bio1ogica1/
chemical survey of Texorna and Capline sector salt dome brine
disposal sites off Louisiana, 1978-1979. NOAA Technical
Memorandum NMFS-SEFC-33, 335 p. NOAA, NTIS Accession No.
PB81-133803.

Parker, R. H., A. L. Crowe and L. S. Bohme. 1980. Describe 1ivinq
and dead benthic (macro- and meio-) communities. Vol. I. In:
Jackson, W. B. and G. M. Faw (eds.). Biological/chemical survey
of Texorna and Capline sector salt dome brine disposal sites off
Louisiana, 1978-1979. NOAA Technical Memorandum ~WS-SEFC-25, 103
p. NOAA, NTIS Accession No. PB81-133795.

Reitsema. L. A. 1980. Determine seasonal abundance, distributiona nd
community composition of zooplankton. Vol. II. In: Jackson, W.
B. and G. M. Faw (eds.). Biological/chemical survey of Texoma
and Cap1ine sector salt dome brine disposal sites off Louisiana,
1978-1979. NOAA Technical Memorandum NMFS-SEFC-26, 162 p. NOAA,
NTIS Accession No. PB81-17583B.

Schwarz, J. R., S. K. Alexander, A. J. Schropp and V. L. Carpenter.
1980. Describe bacterial communities. Vol. III. In: Jackson,
W. B. and G. M. Faw (eds.). Biological/chemical survey of Texoma
and Cap1ine sector salt dome brine disposal sites off Louisiana,
1978-1979. NOAA Technical Memorandum NMFS-SEFC-27, 74 p.
NOAA, NTIS Accession No. PBBl-174948.

Ti11erv, J. B. 1980. Determine trace metal composition and con-
centration in major components of the marine ecosystem. Vol. VII.
In: Jackson, W. B. and G. M. Faw (eds.). Bio1oqica1/chemica1
survey of Texoma and Cap1ine sector salt dome brine disposal sites
off Louisiana, 197B-1979. NOAA Technical Memorandum NMFS-SEFC-31,
100 p. NOAA, NTIS Accession No., PB81-174989.

Related Publications

Caillouet, C. W. and F. J. Patella. 1978. Relationship between size
composition and ex-vessel value of re1?orted shrimp catches from
two gulf coast states with different harvesting strategies.
Marine Fisheries Review 40(2):14-18.

Caillouet, C. W., F. J. Patella and W. B. Jackson. 1979. Relation-
ship between marketing category (count) composition and ex-vessel
value of reported annual catches of shrimp in the eastern Gulf of
Mexico. Marine Fisheries Revie~ 41(5-6) :1-7.



Caillouet, C. W., F. J. Patella and W. B. Jackson. 1980. Trends
toward decreasing size of brown shrimp, Penaeus aztecus, ann white
shrimp, Penaeus setiferus, in reported annual catches from Texas
and Louisiana. NOAA/NMFS Fishery Bulletin 77(4):985-989.

Caillouet, C. W., D. B. Koi and W. B. Jackson. 1980. Relationship
between ex-vessel value and size composition and annual landinqs
of shrimp from the gulf and south Atlantic coasts. Marine
Fisheries Review 42(12):28-33.

Caillouet, C. W. and D. B. Koi. 1980. Trends in ex-vessel value and
size composition of annual landings of brown, pink and white
shrimp from the gulf and south Atlantic coasts of the United
States. Marine Fisheries Review 42(2):18-27.

Caillouet, C. W. and D. B. Koi. (1981) • Trends in ex-vessel value
and size composition of reported Mav-August catches of brown and
white shrimp from the Texas, Louisiana, Mississippi and Alabama
coasts, 1960-1976. Gulf Research Reports 7(1):(in press).

xvi



II. PRINCIPAL INVESTIGATOR'S SECTION



WORK UNIT 2 - ANALYSIS OF DATA ON SHRIMPING SUCCESS,
SHRIMP RECRUITMENT AND ASSOCIATED
ENVIRONMENTAL VARIABLES

C. COMISKEY, Ph.D.
R. McCORD, Ph.D.
D. BOZWORTH
S. GRADY
C. HALL
C. BRANDT
T. FARMER

SCIENCE APPLICATIONS, INCORPORATED

xviii



IMPORTANT NOTICE TO READERS

In Section 1.3.3.6, Density Dependent Factors, pages 35-37, and
Section 1.3.6, Summary, pages 41-42, of this report by Science
Applications, Inc., the authors concluded (as indicated in the
published literature available to them at the time they prepared this
report) that shrimp recruitment is independent of the density of the
spawning stock. Contrary to this earlier consensus summarized bv the
Fishery Management Plan for the Shrimp Fishery of the Gulf of Mexico
(GMFMC, 1980), Rothschild and Parrack (1981) demonstrated a good rela-
tionship between an index of stock size and an index of recruitment
for Gulf of Mexico brown shrimip, Penaeus aztecus, but the rela-
tionship for white shrimp, !. setiferus, was not as clear as that for
brown shrimp.

Edward F. Klima
Director (and COTR)
NMFS SEFC Galveston Laboratory
4700 Avenue U
Galveston, Texas 77550

Gulf of Mexico Fisherv Management Council (GMFMC). 1980. Fishery
management plan for the shrimp fishery of the Gulf of Mexico.
Federal Register 45(216):74190-74308.

Rothschild, B. J. and M. L. Parrack. 1981. Review paper on the U.S.
Gulf of Mexico Shrimp Fishery. Paper presented at the FAO/NOAA
Workshop on the Scientific Basis for the Manaqement of Penaeid
Shrimps, Key West, Florida, November 1981, 40 p. plus figures.
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ABSTRACT

The analyses reported herein address the potential impacts to the Texas
shrimp fi shery from offshore di sposa 1 of bri ne associ ated with the
U•S. Department of Energy St rategi c Pet ro 1eum Reserve Program at the
Bryan Mound storage site, near Freeport, Texas through the analysis of
the historical data base for the fishery (Gulf Coast Shrimp Data) and
associated shrimp recruitment and environmental variables.

Time series analyses, involving ARIMA modeling and fourier analysis
of monthly brown and white shrimp catches in area 19 for the
peri od 1960-1977 were performed. The fouri er ana lysi s power spectrum
estimates were disappointing indicating that there was a large amount
of variability in the phase of the seasonal cycle from year to year
for both species. As such, predictive models based on the results of
the fourier analysis were not presented. ARIMAmodels were estimated
for both brown and white shrimp catch. The seasonal trend for both
species, based on a twelve month cycle, was evident in the results
of the analysis. However, the absolute magnitude of the shrimp catch
f or any month was not predi cted closely, i ndi cat i ng that envi ronmenta 1
factors not in the model were influencing the size of the seasonal peaks
from year to year. Devi ati ons from hi stori ca 1 trends on the order of
30-50 percent should be detectable with these models.

Environmental variables used in the study were grouped into six
categories: (1) river di scharge; (2) preci pitati on; (3) temperature;
(4) salinity; (5) winds, tides, and Ekman transport; and (6) recruitment
and postlarval indices. Based on the availability of data, two
temporal groups of variables were defined. These were a 10 year
data set (1964-1973) and an 18 year data set (1960-1977). Ekman
transport, Texas Park and Wildlife Department (TPWO) Galveston Bay
and Matagorda Bay catch/effort, salfnity and temperature, and Bureau
of Commercial Fisheries - National Marine Fisheries Service (BCF-NMFS)
postlarval catch/tow and salinity variables were available only for. the
ten year period.

A stepwise multiple regression procedure in SPSS was utilized to develop
predictive equations relating indices of shrimping success (catch and
catch/effort) for brown and white shrimp to these environmental and
recruitment variables. The analysis scheme was structured in two
phases. In the first phase, regressions were run for each shrimping
success index for area 18, area 19, and area 19, 11-15 fm depths,
with each group of categorical variables (e.g., discharge or recruitment
variables), yielding a total of one hundred and thirty eight equat~ns
for the 10 and 18 year analyses. The results of these analyses are
presented as summary tables in this report, along with appropriate
means and correlation tables. From these results, a best fit data set
composed of important variables from each categorical group was formed
for each dependent variable. Twenty three final best fit regression
models were generated and the results are presented in this report in
tabular form. For each of these best fit regressions, a plot of the
time series of the dependent variable and two most important independent
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variables and a plot of the observed, estimated, and predicted values
for the dependent variable are presented. In the majority of cases,
these final equations should be used to test hypotheses concerning the
impact of brine discharge on the shrimp fishery.

In almost all cases for both species, the 10 year regressions explained
a greater amount of the vari ance in catch and catch/effort than di d
the regressions for the 18 year data set. This was partly due
to the unavailability of certain important variables (e.g., zonal
Ekman transport, post 1arva 1 catch/tow, TPWDbay catch and associ ated
environmental variables) for the entire 1960-1977 period, but was also
due to lower corre 1ati ons in the 18 year record between the dependent
variables and important environmental variables. Possible reasons for
this poorer fit over the 18 year period include inaccuracies in the
reporting system during the early years and the introduction of other
factors (e.g., economic considerations) during the mid 1970' s (at the
end of the 18 year period).

In general, the brown shrimp regressions explained more variance than
did those for white shrimp, especially for the 10 year data. Some
of the differences are attributable to the fact that several important
variables (e.g., TPWDbay shrimp catch and associated environmental
variables) were available only for brown shrimp 10 year analyses. These
data were not collected in a systematic manner for white shrimp ove the
entire 10 year (1964-1973) period. Even taking this into consideration,
the regressions for brown shrimp were better. The explanation for
this prObably involves the fact that white shrimp catch in areas 18
and 19, and especially area 19, 11-15 fm depths, contains more spurious
variation than does brown shrimp catch in these same spatial strata.

Discharge and precipitation variables were, for the most part,
pOSitively correlated with white shrimping success indicators while
being negatively correlated with brown shrimping success indicators.
Lagged precipitation and discharge variables appeared to be' more
important for predicting white shrimp indices. Wind, tide, and Ekman
transport vari ab1es proved to be very important in predi ct i ng both
white and brown shrimp catch and catch/effort, with Ekman transport
bei ng more important for brown shrimp than for white shrimp. Ekman
transport variables were generally positively correlated with brown
shrimp catch and negatively correlated to white shrimp catch. White
shrimp catch was more closely related to wind speed and direction,
but the ecological basis for these trends are not clear. The results
of this study point to these relationships as areas of concern for
future studies. For brown shrimp, TPWDbay shrimp catch and postlarval
catch were important predi ctors of brown shrimpi ng success, as were the
environmental variables (temperature and salinity) collected with these
recruitment data.

To assess the importance of fishing effort in predicting shrimp catch,
best fit regressi ons were run with effort as one of the independent
variables and the results were compared to the results of the best fit
regression analyses without effort. Effort was more important for the
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18 year equations than for the 10 year equations due to the better fitswith environmental variables and recruitment for the ten year period.
The methodology whereby these regressi ons equations can be used in
impact assessment is discussed. The methodology centers on establishing
95 percent confidence limits for predicted shrimp catch or catch/effort
from the models, using the suite of pertinent environmental variablesfor the year to be tested. If the observed value for catch or
catch/effort for the year falls outside these confidence limits, the
null hypothesi s of no significant change in catch or catch/effort due
to brine discharge is rejected. This methodology assumes that other
environmental factors not considered in the development of the model and
not operative during the 1960-1977 period, are not occurring in the year
for which impacts are being assessed.
Q-mode cluster analysis was used in an attempt to classify good and
poor brown and white shrimping years (based on the criteria of catch)
using environmental variables that were important in the categorical
equations. As expected, the results were better for the cluster
analyses based on the ten year data set as compared to the results for
the 18 year period, with especially poor results for brown shrimp catchin area 19 for the 18 year period. Analyses which included variables
important to white shrimping success and to brown shrimping success
genera lly showed results similar to those from analyses invo1ving only
variables important to predicting white shrimping success.

v



[This Page Intentionally Left Blank]



TABLE OF CONTENTS

Page

List of Tables xi

List of Figures xli

1.0 INTRODUCTION 1
1.1 SPR BACKGROUND 1
1.2 CHARACTERIZATIONOF THE STUDY AREA 4
1.3 SUMMARYOF RELEVANT INFORMATION ON THE

PENAEID'LIFE STYLE 7
1.3.1 Introduction 7
1.3.2 Generalized Life Cycles 8
1.3.3 Factors Influencing the Success of the

Year Class 12
1.3.3.1 Temporal and Spatial Patterns in

Spawning Activity 12
1.3.3.2 Transport of Larvae and Postlarvae

to the Estuaries 16
1.3.3.3 Postlarval Abundance as an Index

of Shrimping Success 20
1.3.3.4 Juvenile Abundance as an Index

of Shrimping Success 22
1.3.3.5 Salinity Relationships 34
1.3.3.6 Density Dependent Factors 37

1.3.4 Historical Trends 40
1.3.5 Texas Department of Water Resources Studies 41
1.3.6 Summary 44

1.4 NATIONAL MARINE FISHERIES SERVICE PROGRAM 46
1.5 OBJECTIVES 48

2.0 METHODOLOGIES 51
2.1 DATA SOURCESAND DATA PROCESSING 51

2.1.1 Gulf Coast Shrimp Data 51
2.1.2 Environmental and Shrimp Recruitment

Vari abl es 55
2.2 TIME SERIES ANALYSIS 58

2.2.1 General ARIMA Modeling 58
2.2.2 Fourier Analysis 62

2.3 STEPWISE MULTIPLE REGRESSIONANALYSIS 66
2.4 CLUSTER ANALYSIS 73

vii



TABLE OF CONTENTS (cant.)

Page
3.0 RESULTS AND DISCUSSION 75

3.1 TIME SERIES ANALYSIS 75
3.1.1 ARIMA Modeling 75

3.1.1.1 Brown Shrimp 76
3.1.1.2 White Shrimp 78

3.2.1 Fourier Analysis 79
3.2 REGRESSION ANALYSIS 80

3.2.1 Initial Categorical Regressions for Brown
Shrimp Catch and Catch/Effort 80

3.2.1.1 Characterization of the Dependent
Variables 80

3.2.1.2 Brown Shrimp Regressions for the
Period 1964-1973 81

3.2.1.3 Brown Shrimp Regressions for the
Period 1960-1977 92

3.2.2 Initial Categorical Regressions for White
Shrimp Catch and Catch/Effort 98

3.2.2.1 Characterization of the Dependent
Variables 98

3.2.2.2 White Shrimp Regressions for the
Period 1964-1973 100

3.2.2.3 White Shrimp Regressions for the
Period 1960-1977 109

3.2.3 Overall Regression Analysis 117
3.2.3.1 Brown Shrimp Regressions for the

Period 1964-1973 117
3.2.3.2 Brown Shrimp Regressions for the

Period 1960-1977 120
3.2.3.3 White Shrimp Regressions for the

Period 1964-1973 125
3.2.3.4 White Shrimp Regressions for the

Period 1960-1977 128
3.2.4 Use of Stepwise Multiple RegressionEquations for Impact Assessment 132

viii



TABLE OF CONTENTS (cont.)

3.3 CLUSTER ANALYSIS
3.3.1 Introduction
3.3.2 Brown Shrimp Cluster Analysis for the

Period 1964-19733.3.3 Brown Shrimp Cl'uster Analysis for the
Period 1960-1977

3.3.4 White Shrimp Cluster Analysis for the
Period 1964-1973

3.3.5 White Shrimp Cluster Analysis for the
Period 1960-19773.3.6 Brown and White Shrimp Cluster Analysis
for the Period 1964-1973

3.3.7 Brown and White Shrimp Cluster Analysis
for the Period 1960-1977

4.0 SUMMARY AND CONCLUSIONS
4.1 TIME SERIES ANALYSIS
4.2 REGRESSION ANALYSIS
4.3 CLUSTER ANALYSIS

5.0 REFERENCES
6.0 TABLES
7.0 FIGURES

ix

Page
135
135
135
138

139

140
141
143
145
145
145
152
155
168
407



[This Page Intentionally Left Blank]



Table
1

2

3

4

5

6

7

8

9

LIST OF TABLES

Title
Reference list of environmental and shrimp catch
variables entered into the stepwise multiple
regression analyses for annual brown shrimp
total catch and interview catch/effort.
Reference list of environmental and shrimp catch
variables entered into the stepwise multiple
regression analyses for annual white shrimp
total catch and interview catch/effort.
Detailed locations, units and sources of
variables entered into the stepwise multiple
regression analyses for annual brown shrimp
total catch and interview catch/effort.
Detailed locations, units and sources of
variables entered into the stepwise multiple
regression analyses for annual white shrimptotal catch and interview catch/effort.
List of variable labels, variable numbers and
reference numbers for cross~referencing of com-
puter generated data products to reference list
and support information for brown shrimp ten
year (1964-1973) and eighteen year (1960-1977)
data sets.
List of variab1e 1abe1s, variab1e numbers and
reference numbers for cross-referencing of com-
puter generated data products to reference list
and support information for white shrimp ten
year (1964-1973) and eighteen year (1960-1977)data sets.
Summary statistics for white and brown shrimp
total monthly catch (pounds, heads off, untrans-
formed data) in area 19 for the eighteen year
(1960-1977) data set.
Summary statistics for white and brown shrimp
total monthly catch (pounds, heads off, trans-
formed data) in area 19 for the eighteen year
(1960-1977) data set.
Autocorrelations for brown shrimp total monthly
catch (pounds, heads off) in area 19 for the
eighteen year (1960-1977) data set.

xi

Page
171

175

178

183

187

189

191

191

192



Table
10

11

12

13

14

15

16

17

18

19

LIST OF TABLES (cant.)

Title
Estimation of the parameters of the final ARIMA
model for brown shrimp total monthly catch
(pounds, heads off) in area 19 for the eighteen
year (1960-1977) data set.
Autocorrelations of the residuals from the ARIMA
model for brown shrimp total monthly catch
(pounds, heads off) in area 19 for the eighteen
year (1960-1977) data set.
Observed and predicted values (from ARIMA model)for brown shrimp total monthly catch (pounds,
heads off) in area 19 for 1977.
Forecast values for brown shrimp total monthly
catch (pounds, heads off) in area 19 from the
ARIMA model (with confidence limits) for 1978.
Autocorrelations for white shrimp total monthly
catch (pounds, heads off) in area 19 for the
eighteen year (1960-1977) data set.
Estimation of the parameters of the final ARIHA
model for white shrimp total monthly catch
(pounds, heads off) in area 19 for the eighteen
year (1960-1977) data set.
Autocorrelations of the residuals frrnnthe ARIHA
mode] for white shrimp total monthly catch
(pounds, heads off) in area 19 for the eighteen
year (1960-1977) data set.
Observed and predicted values {from ARIMA
model)for white shrimp total monthly catch
{pounds, heads off} in area 19 for 1977.
Forecast values for white shrimp total monthly
catch (pounds, heads off) in area 19 from the
ARIMA model (with confidence limits) for 1978.
Power spectrum estimates for white and brown
shrimp total monthly catch (pounds, heads off)in area 19 from Fourier analysis of the eighteen
year (1960-1977) data set.

xii

Page
192

193

194

195

196

196

197

198

199

200



Table
20

21

22

23

24

LIST OF TABLES (cant.)

Title
Summary statistics for the ten year (1964-1973)
data set used to develop the stepwise multiple
regression models relating brown shrimp total
catch and interview catch/effort variables
to environmental variables and indices of
recruitment.
Correlation matrix showing the simple bivariate
Pearson product moment correlation coefficients
between all possible pairs of variables in
the ten year (1964-1973) data set used to
re1ate brown shrimp total catch and interviewcatch/effort variables to river discharge
variables.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
18) with river discharge variables for the ten
year (1964-1973) data set.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
19) with river discharge variables for the ten
year (1964-1973) data set.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
19,11-15 fathom depths) with river discharge
variables for the ten year (1964-1973) data set.

P.age

201

204

207

208

209

25

26

Summary of results of stepwise
regression analysis of brown shrimp
catch/effort (area 18) with river
variables for ~he ten year (1964-1973)
Summary of results of stepwise
regression analysis of brown shrimp
catch/effort (area 19) with river
variables for the ten year (1964-1973)

multiple
interview
discharge
data set.
multiple

interview
discharge
data set.

210

211

27 Summary of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 19, 11-15 fathom depths)
with river discharge variables for the ten year
(1964-1973) data set.

xiii

212



multiple
interview
variables

multiple
interview
variables

Table
28

29

30

31

32

33

34

35

LIST OF TABLES (cont.)

Title
Correlation matrix showing the simple bivariate
Pearson product moment correlation coefficients
between all possible pairs of variables in
the ten year (1964-1973) data set used to
re1ate brown shrimp total catch and interview
catch/effort variables to salinity variables.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
18) with salinity variables for the ten year
(1964-1973) data set.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
19) with salinity variables for the ten year
(1964-1973) data set.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
19, 11-15 fathom depths) with salinity variables
for the ten year (1964-1973) data set.
Summary of results of stepwise
regression analysis of brown shrimp
catch/effort (area 18) with salinity
for the ten year (1964-1973) data set.
Summary of results of stepwise
regress ion analysis of brown shrimp
catch/effort (area 19) with salinity
for the ten year (1964-1973) data set.
Summary of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 19, 11-15 fathom depths) with
salinity variables for the ten year (1964-1973)
data set.
Correlation matrix showing the simple bivariate
Pearson product moment correlation coefficients
between all possible pairs of variables in
the ten year (1964-1973) data set used tore1ate brown shrimp total catch and interview
catch/effort variables to precipitation vari-
ables.

xiv

Page
213

214

214

215

215

216

216

217



Table
36

37

38

39

40

41

42

43

LIST OF TABLES (cant.)

Title
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
18) with precipitation variables for the ten
year (1964-1973) data set.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area19) with precipitation variables for the ten
year (1964-1973) data set.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
19, 11-15 fathom depths) with precipitation
variables for the ten year (1964-1973) data set.
Summary of results of stepwise multiple
regression analysi s of brown shrimp interview
catch/effort (area 18) with precipitation vari-
ables for the ten year (1964-1973) data
set.
Summary of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 19) with precipitation vari-
ables for the ten year (1964-1973) dataset.
Summary of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 19, 11-15 fathom depths)
with precipitation variables for the ten year
(1964-1973) data set.
Correlation matrix showing the simple bivariate
Pearson product moment carrelation coeffi cients
between all possible pairs of variables in
the ten year (1964-1973) data set used to
relate brown shrimp total catch and interview
catch/effort variables to temperature variables.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area18) with temperature variables for the ten year
(1964-1973) data set.

xv

Page
218

219

220

221

222

223

224

226



Table
44

45

46

47

48

49

50

51

LIST OF TABLES (cant.)

Title
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
19) with temperature variables for the ten year
(1964-1973) data set.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch
(area 19, 11-15 fathom depths) with temperature
variables for the ten year (1964-1973) data set.
Summary of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 18) with temperature vari-
ables for the ten year (1964-1973) data
set.

Summary of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 19) with temperature vari-
ables for the ten year (1964-1973) data
set.
Summary of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 19, 11-15 fathom depths)
with temperature variables for the ten year
(1964-1973) data set.
Correlation matrix showing the simple bivariate
Pearson product moment carrel at ion coeffi cients
between all possible pairs of variables in
the ten year (1964-1973) data set used to
relate brown shrimp total catch and interview
catch/effort variables to wind, tide and Ekman
transport variables.
Summary of results of stepwise 1TKJ1tiple regres-
sion analysis of brown shrimp total catch
(area 18) with wind, tide and Ekman transport
variables for the ten year (1964-1973) data set.
Summary of results of stepwise lTKJ1tiple regres-
sion analysis of brown shrimp total catch
(area 19) with wind, tide and Ekman transport
variables for the ten year (1964-1973) data set.

xvi

Page
227

228

229

230

231

232

234

235



Table
52

53

54

55

56

57

58

59

LIST OF TABLES (cont.)

Title
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
19, 11-15 fathom depths) with windf tide, and
Ekman transport variables for the ten year
(1964-1973) data set.
Summary of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 18) with wind, tide and Ekman
transport ~3riables for the ten year (1964-1973)
data set.
Summary of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 19) with wind, tide, and
Ekman transport variables for the ten year
(1964-1973) data set.
Summary of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 19, 11-15 fathom depths) with
wind, tide, and Ekman transport variables for
the ten year (1964-1973) data set.
Correlation matrix showing the simple bivariate
Pearson product moment correlation coefficients
between all possible pairs of variables in
the ten year (1964-1973) data set used to
re 1ate brown shrimp tota 1 catch and intervi ew
catch/effort variables to recruitment, bay catch
and bay effort variables.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
18) with recruitment, bay catch and bay effort
variables for the ten year (1964-1973) data set.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
19) with recruitment, bay catch and bay effort
variables for the ten year (1964-1973) data set.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
19, 11-15 fathom depths) with recruitment, bay
catch and bay effort variables for the ten year
(1964-1973) data set.

"'"''''"I

Page
236

237

238

239

240

243

244

245



Table
60

61

62

63

64

65

66

67

LIST OF TABLES (cant.)

Title
Summa~ of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 18) with recruitment, bay
catch and bay effort variables for the ten year
(1964-1973) data set.
Summa~ of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 19) with recruitment, baycatch and bay effort variables for the ten year
(1964-1973) data set.
Summa~ of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 19, 11-15 fathom depths) with
recruitment, bay catch and bay effort variables
for the ten year (1964-1973) data set.
Summary statistics for the eighteen year
(1960-1977) data set used to develop the step-
wise multiple regression models relating brown
shrimp total catch and interview catch/effort
variables to environmental variables and indices
of recruitment.
Correlation matrix showing the simple bivariate
Pearson product moment correlation coefficients
between all possible pairs of variables in
the eighteen year (1960-1977) data set used to
re1ate brown shrimp tota1 catch and interview
catch/effort variables to discharge variables.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
18) with river discharge variables for the
eighteen year (1960-1977) data set.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
19) with river discharge variables for the
eighteen year (1960-1977) data set.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
19, 11-15 fathom depths) with river discharge
variables for the eighteen year (1960-1977) data
set.

xvi ii

Page
246

247

248

249

251

254

255

256



Table
68

69

70

71

72

73

74

LIST OF TABLES (cant.)

Title
Summa~ of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 18) with river discharge
variables for the eighteen year (1960-1977) dataset.
Summary of results of stepwise multiple
regression analysis of brown shrimp jnterview
catch/effort (area 19) with river discharge
variables for the eighteen year (1960-1977) dataset.
Summa~ of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 19, 11-15 fathom depths) with
river discharge variables for the eighteen year
(1960-1977) data set.
Correlation matrix showing the simple bivariate
Pearson product moment correlation coefficients
between all possible pairs of variables in
the eighteen year (1960-1977) data set used to
relate brown shrimp total catch and interview
catch/effort variables to salinity variables.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
18) with salinity variables for the eighteen
year (1960-1977) data set.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
19) with salinity variables for the eighteen
year (1960-1977) data set.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
19, 11-15 fathom depths) with salinity variables
for the eighteen year (1960-1977) data set.

257

258

259

260

261

261

262

75 Summary of results of stepwise
regression analysis of brown shrimp
catch/effort (area 18) with salinity
for the eighteen year (1960-1977) data

xix

multiple
interview
variables
set.

262



Table
76

77

78

79

80

81

82

83

LIST OF TABLES (cant.)

Title
Summary of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 19) with salinity variables
for the eighteen year (1960-1977) data set.
Summa~ of results of stepwise multiple
regression analysis of brown shrimp- interviewcatch/effort (area 19t 11-15 fathom depths)
with salinity variables for the eighteen year
(1960-1977) data set.
Correlation matrix showing the simple bivariate
Pearson product moment correlation coefficients
between all possible pairs of variables in
the eighteen year (1960-1977) data set used to
re1ate brown shrimp tota1 catch and interviewcatch/effort variables to precipitation vari-
ables.
Sumrna~ of results of stepwise multiple regres-
sion analysis of brown shrimp total catch
(area 18) with precipitation variables for the
eighteen year (1960-1977) data set.
Summa~ of results of stepwise multiple regres-
sion analysis of brown shrimp total catch
(area 19) with precipitation variables for the
eighteen year (1960-1977) data set.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
19t 11-15 fathom depths) with precipitation
variables for the eighteen year (1960-1977) data
set.
Summary of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 18) with precipitation vari-ables for the eighteen year (1960-1977) data
set.
Summary of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 19) with precipitation vari-
ables for the eighteen year (1960-1977) data
set.

vv

Page
263

263

264

265

265

266

266

267



Table
84

85

86

87

88

89

90

91

LIST OF TABLES (cont.)

Title
Summary of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 19, 11-15 fathom depths) with
precipitation variables for the eighteen year
(1960-1977) data set.
Correlation matrix showing the simple bivariate
Pearson product moment correlation coefficientsbetween all possible pairs of variables in
the eighteen year (1960-1977) data set used to
relate brown shrimp total catch and interviewcatch/effort variables to temperature variables.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
18) with temperature variables for the eighteen
year (1960-1977) data set.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
19) with temperature variables for the eighteen
year (1960-1977) data set.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch
(area 19, 11-15 fathom depths) with temperature
variables for the eighteen year (1960-1977) data
set.
Summary of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 18) with temp~rature vari-
abIes for the eighteen year (1960-1977) data
set.
Summary of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 19) with temperatura vari-
abIes for the eighteen year (1960-1977) data
set.
Summary of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 19, 11-15 fathom depths)
with temperature variables for the eighteen year
(1960-1977) data set.

xxi

Page
268

269

270

271

272

273

274

274



Table
92

93

94

95

96

97

98

LIST O~ TABLES (cont.)

Title
Correlation matrix showing the simple bivariate
Pearson product moment correlation coefficients
between all possible pairs of variables in
the· eighteen year (1960-1977) data set used
to relate brown shrimp total catch and
interview catch/effort variables to wind and
tide variables.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area18) with wind and tide variables for the
eighteen year (1960-1977) data set.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
19) with wind and tide variables for the
eighteen year (1960-1977) data set.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
19, 11-15 fathom depths) with wind and tide
variables for the eighteen year (1960-1977) data
set.
Summary of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 18) with wind and tide
variables for the eighteen year (1960-1977) dataset.
Summary of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 19) with wind and tide
variables for the eighteen year (1960-1977) data
set.
Summary of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 19, 11-15 fathom depths) with
wind and tide variables for the eighteen year
(1960-1977) data set.

xxii

Page
275

276

277

278

279

280

281



Table
99

100

101

102

103

104

105

106

LIST OF TABLES (cont.)

Title
Correlation matrix showing the simple bivariate
Pearson product moment correlation coefficients
between all possible pairs of variables in
the eighteen year (1960-1977) data set used to
relate brown shrimp total catch and interview
catch/effort variables to bay catch and bay
effort variables.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area
18) with bay catch and bay effort variables for
the eighteen year (1960-1977) data set.
Summary of results of stepwise multiple regres-
sion analysis of brown shrimp total catch (area19) with bay catch and bay effort variables for
eighteen year (1960-1977) data set.
Suma ry of resu1ts of stepwise mu1tip1e regres-
sion analysis of brown shrimp total catch (area19,11-15 fathom depths) with bay catch and
bay effort variables for the eighteen year
(1960-1977) data set.
Summary of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 18) with bay catch and
bay effort variables for the eighteen year
(1960-1977) data set.
Summary of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 19) with bay catch and
bay effort variables for the eighteen year
(1960-1977) data set.
Summary of results of stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 19, 11-15 fathom depths)
with bay catch and bay effort variables for the
eighteen year (1960-1977) data set.
Summary statistics for the ten year (1964-1973)
data set used to develop the stepwise multiple
regression models relating white shrimp total
catch and interview catch/effort variables
to environmental variables and indices ofrecruitment.

xxiii

Page
282

283

284

285

286

287

288

288



Table
107

108

109

110

LIST OF TABLES (cant.)

Title
Correlation matrix showing the simple bivariate
Pearson product moment correlation coefficients
between all possible pairs of variables in
the ten year (1964-1973) data set used to
relate white shrimp total catch and interviewcatch/effort variables to discharge variables.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
13) with river discharge variables for the ten
year (1964-1973) data set.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
19) with river discharge variables for the ten
year (1964-1973) data set.

Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
19, 11-15 fathom depths) with river discharge
variables for the ten year (1964-1973) data set.

Page
291

294

295

296

III

112

Summary of results of stepwise
regression analysis of white shrimp
catch/effort (area 18) with river
variables for the ten year (1964-1973)
Summary of results of stepwise
regression analysis of white shrimpcatch/effort (area 19) with river
variables for the ten year (1964-1973)

multiple
interview
discharge
data set.
multiple

interviewdischarge
data set.

297

298

113

114

Summary of results of stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 19, 11-15 fathom depths)
with river discharge variables for the ten year
(1964-1973) data set.
Correlation matrix showing the simple bivariate
Pearson product moment correlation coefficients
between all possible pairs of variables in
the ten year (1964-1973) data set used to
relate white shrimp total catch and interview
catch/effort variables to precipitation vari-
ables.

xxiv

299

300



Table
115

116

117

118

119

120

121

122

LIST OF TABLES (cont.)

Title
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
18) with precipitation variables for the ten
year (1964-1973) data set.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
19) with precipitation variables for the ten
year (1964-1973) data set.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
19, 11-15 fathom depths) with precipitation
variables for the ten year (1964-1973) data set.
Summary of results of stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 18) with precipitation vari-
ables for the ten year (1964-1973) data
set.
Summary of results of stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 19) with precipitation vari-
ables for the ten year (1964-1973) data
set.
Summary of results of stepwise multiple
regress ion analys is of white shrimp interview
catch/effort (area 19, 11-15 fathom depths)
with precipitation variables for the ten year
(1964-1973) data set.
Correlation matrix showing the simple bivariate
Pearson product moment correlation coefficients
between all possible pairs of variables in
the ten year (1964-1973) data set used to
relate white shrimp total catch and interview
catch/effort variables to temperature variables.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
18) with temperature variables for the ten year
(1964-1973) data set.

xxv

Page
301

302

303

304

305

306

307

308



Table
123

124

125

126

127

128

129

130

LIST OF TABLES (cont.)

Title
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
19) with temperature variables for the ten year
(1964-1973) data set.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch
(area 19, 11-15 fathom depths) with temperature
variables for the ten year (1964-1973) data set.
Summary of results of stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 13) with temperature vari-
ables for the ten year (1964-1973) dataset.
Summary of results of stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 19) with temperature vari-
ables for the ten year (1964-1973) data
set.
Summary of results of stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 19, 11-15 fathom depths)
with temperature variables for the ten year
(1964-1973) data set.
Correlation matrix showing the simple bivariate
Pearson product moment correlation coefficients
between all pOSSible pairs of variables in
the ten year (1964-1973) data set used to
relate white shrimp total catch and interview
catch/effort variables to wind, tide and Ekman
transport variables.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch
(area 18) with wind, tide and Ekman transport
variables for the ten year (1964-1973) data set.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch
(area 19) with wind, tide and Ekman transport
variables for the ten year (1964-1973) data set.

xxvi

Page
308

309

309

310

310

311

314

315



Table
131

132

133

134

135

136

137

138

LIST OF TABLES (cont.)

Title
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
19,11-15 fathom depths) with wind, tide, and
Ekman transport variables for the ten year
(1964-1973) data set.
Summary of results of stepwise multiple
regression analysis of white shrimp interviewcatch/effort (area 18) with wind, tide and Ekman
transport variables for the ten year (1964-1973)
data set.
Summary of results of stepwise multiple
regression analysi s of white shrimp interview
catch/effort (area 19) with wind, tide,· and
Ekman transport variables for the ten year
(1964-1973) data set.
Summary of results of stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 19, 11-15 fathom depths) with
wind, tide, and Ekman transport variables for
the ten year (1964-1973) data set.
Correlation matrix showing the simple bivariate
Pearson product moment correlation coefficients
between all possible pairs of variables in
the ten year (1964-1973) data set used to
relate white shrimp total catch and interview
catch/effort variables to salinity variables.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
18) with salinity variables for the ten year
(1964-1973) data set.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
19) with sali'nity variables for the ten year
(1964-1973) data set.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
19,11-15 fathom depths) with salinity variables
for the ten year (1964-1973) data set.

xxvii

316

317

318

319

320

321

321

322



LIST OF TABLES (cant.)

Table
139

Title
Summary of results of stepwise
regression analysis of white shrimp
catch/effort (area 18) with salinity
for the ten year (1964-1973) data set.

multiple
interview
variables

Page
322

multiple
interview
variables

140

141

142

143

144

145

146

Summary of results of stepwise
regression analysi s of white shrimp
catch/effort (area 19) with salinity
for the ten year (1964-1973) data set.
Summary of results of stepwise multiple
regressi on analysi s of white shrimp interview
catch/effort (area 19, 11-15 fathom depths) with
salinity variables for the ten year (1964-1973)
data set.
Correlation matrix showing the simple bivariate
Pearson product moment correlation coefficients
between all possible pairs of variables in
the ten year (1964-1973) data set used to
relate white shrimp total catch and interview
catch/effort variables to recruitment, bay catch
and bay effort variables.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
18) with recruitment, bay catch and bay effort
variables for the ten year (1964-1973) data set.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
19) with recruitment, bay catch and bay effort
variables for the ten year (1964-1973) data set.
Summary of results of stepwi se multi ple regres-
sion analysis of white shrimp total catch (area
19, 11-15 fathom depths) with recruitment, bay
catch and bay effort variables for the ten year
(1964-1973) data set.
Summary of results of stepwise multiple
regression analysi s of white shrimp interviewcatch/effort (area 18) with recruitment, bay
catch and bay effort variables for the ten year
(1964-1973) data set.

xxviii

323

323

324

325

326

327

328



Table
147

148

149

150

151

152

153

154

LIST OF TABLES (cant.)

Title
Summary of results of stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 19) with recruitment, bay
catch and bay effort variables for the ten year
(1964-1973) data set.
Summary of results of stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 19, 11-15 fathom depths) with
recruitment, bay catch and bay effort variablesfor the ten year (1964-1973) data set.
Summary statistics for the eighteen year
(1960-1977) data set used to develop the step-
wise multiple regression models relating whiteshrimp total catch and interview catch/effort
variables to environmental variables and indices
of recruitment.
Correlation matrix showing the simple bivariate
Pearson product moment correlation coefficients
between all possible pairs of variables in
the eighteen year (1960-1977) data set used to
relate white shrimp total catch and interview
catch/effort variables to river discharge
variables.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
18) with river discharge variables for the
eighteen year (1960-1977) data set.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
19) with river discharge variables for the
eighteen year (1960-1977) data set.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
19,11-15 fathom depths) with river discharge
variables for the eighteen year (1960-1977) data
set.
Summary of results of stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 18) with river discharge
variables for the eighteen year (1960-1977) data
set.

xxix

Page
329

330

331

332

336

337

338

339



Table
155

156

157

158

159

160

161

162

LIST OF TABLES (cant.)

Title
Summary of results of stepwise multiple
regress ion ana lysis of wh ite shrimp interview
catch/effort (area 19) with river discharge
variables for the eighteen year (1960-1977) data
set.
Summary of results of stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 19, 11-15 fathom depths) with
river discharge variables for the eighteen year
(1960-1977) data set.
Correlation matrix showing the simple bivariate
Pearson product moment correlation coefficients
between all possible pairs of variables in
the eighteen year (1960-1977) data set used to
relate white shrimp total catch and interview
catch/effort variables to precipitation vari-
ables.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp .total catch
(area 18) with precipitation variables for the
eighteen year (1960-1977) data set.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch
(area 19) with precipitation variables for the
eighteen year (1960-1977) data set.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
19, 11-15 fathom depths) with precipitation
variables for the eighteen year (1960-1977) data
set.
Summary of results of stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 18) with precipitation vari-
ables for the' eighteen year (1960-1977) data
set.
Summary of results of stepwise multipleregression analysis of white shrimp interview
catch/effort (area 19) with precipitation vari-
ables for the eighteen year (1960-1977) data
set.

xxx

Page
340

341

342

343

344

345

346

347



Table
163

164

165

166

167

168

169

170

LIST OF TABLES (cant.)

Title
Summary of results of stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 19, 11-15 fathom depths) with
precipitation variables for the eighteen year
(1960-1977) data set.
Correlation matrix showing the simple bivariate
Pearson product moment correlation coefficients
between all possible pairs of variables in
the eighteen year (1960-1977) data set used to
relate white shrimp total catch and interview
catch/effort variables to temperature variables.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
18) with temperature variables for the eighteen
year (1960-1977) data set.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
19) with temperature variables for the eighteen
year (1960-1977) data set.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch
(area 19,11-15 fathom depths) with temperature
variables for the eighteen year (1960-1977) data
set.
Summary of results of stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 18) with temperature vari-
ables for the eighteen year (1960-1977) data
set.
Summary of results of stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 19) with temperature vari-
ables for the eighteen year (1960-1977) data
set.
Summary of results of stepwise multiple
regressi on analysi s of white shrimp interview
catch/effort (area 19, 11-15 fathom depths)
with temperature variables for the eighteen year
(1960-1977) data set.

xxxi

Page
348

349

350

350

351

351

352

352



Table
171

172

173

174

175

176

177

LIST OF TABLES (cont.)

Title
Correlation matrix showing the simple bivariate
Pearson product moment correlation coefficients
between all possible pairs of variables in
the eighteen year (1960-1977) data set used
to relate white shrimp total catch and
interview catch/effort variables to wind and
tide va ri ab1es.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
18) with wind and tide variables for the
eighteen year (1960-1977) data set.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
19) with wind and tide variables for the
eighteen year (1960-1977) data set.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
19, 11-15 fathom depths) with wind and tide
variables for eighteen year (1960-1977) data
set.
Summary of results of stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 18) with wind and tide
variables for the eighteen year (1960-1977) data
set.
Summary of results of stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 19) with wind and tide
variables for the eighteen year (1960-1977) data
set.
Summary of results of stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 19, 11-15 fathom depths) with
wind and tide variables for the eighteen year
(1960-1977) data set.

xxxi i

Page
353

356

357

358

359

360

361



Table
178

179

180

181

182

183

184

LIST OF TABLES (cont.)

Title--
Correlation matrix showing the simple bivariate
Pearson product moment correlation coefficients
between all possible pairs of variables in
the eighteen year (1960-1977) data set used to
relate white shrimp total catch and interviewcatch/effort variables to bay catch and bay
effort variables.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area18) with bay catch and bay effort variables for
the eighteen year (1960-1977) data set.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
19) with bay catch and bay effort variables for
the eighteen year (1960-1977) data set.
Summary of results of stepwise multiple regres-
sion analysis of white shrimp total catch (area
19, 11-15 fathom depths) with bay catch and
bay effort variables for the eighteen year
(1960-1977) data set.
Summary of results of stepwise multiple
regression analysis of white shrimp interviewcatch/effort (area 18) with bay catch and
bay effort variables for the eighteen year
(1960-1977) data set.
Summary of results of stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 19) with bay catch and
bay effort variables for the eighteen year
(1960-1977) data set.
Summary of results of stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 19, 11-15 fathom depths) with
bay catch and bay effort variables for the
eighteen year (1960-1977) data set.

xxxiii

Page
362

363

364

365

365

366

366



Table
185

186

187

188

189

190

191

LIST OF TABLES (cont.)

Title
Correlation matrix showing the simple bivariate
Pearson product-moment correlation coefficients
between all possible pairs of variables in
the ten year (1964-1973) data set used to
relate broWn shrimp total catch and interview
catch/effort variables to environmental vari-
ables and indices of recruitment.
Sumnary of results of final stepwise multiple
regression analysis of brown shrimp total
catch (area 18) with environmental variables
and indi ces of recruitment for the ten year
(1964-1973) data set.
Summary of results of final stepwise multiple'
regression analysis of brown shrimp total
catch (area 19) with environmental variables
and indices of recruitment for the ten year
(1964-1973) data set.
Summary of results of final stepwise multiple
regression analysis of brown shrimp total catch
(area 19, 11-15 fathom depths) with environmen-
tal variables and indices of recruitment for the
ten year (1964-1973) data set.
Summary of results of final stepwise multiple
regression analysis of brown shrimp total catch
(area 18) with environmental variables, indices
of recruitment, and offshore non-directed effort
for the ten year (1964-1973) data set.
Summary of results of final stepwise multiple
regression analysis of brown shrimp total catch
(area 19) with environmental variables, indices
of recruitment, and offshore non-directed effort
for the ten year (1964-1973) data set.
Summary of results of final stepwise multiple
regression analysi s of brown shrimp total
catch (area 19, 11-15 fathom depths) with
environmental variables, indices of recruitment,
and offshore non-di rected effort for the ten
year (1964-1973) data set.

xxxiv

Page
367

370

370

371

371

372

372



Table

192

193

194

195

196

197

198

LIST OF TABLES(cant.)

Title

Summary of results of final stepwise multiple
regressi on ana lysi s of brown shrimp i ntervi ew
catch/effort (area 18) with envi ronmental vari-
ables and indices of recruitment for the ten
year (1964-1973) data set.

Summary of results of final stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 19) with environmental vari-
ables and indices of recruitment for the ten
year (1964-1973) data set.

Summary of results of final stepwise 1l1.J1tiple
regression analysis of brown shrimp interview
catch/effort (area 19, 11-15 fathom depths)
with environmental variables and indices of
recruitment for the ten year (1964-1973) data
set.

Correlation matrix showing the simple bivariate
Pearson product-moment correlation coefficients
between all possible pairs of variables in
eighteen year (1960-1977) data set used to
relate brown shrimp total catch and interview
catch/effort variables to environmental vari-
ables and indices of recruitment.

Summary of results of final stepwise multiple
regression analysis of brown shrimp total catch
(area 18) with environmental variables and
indices of recruitment for the ei ghteen year
(1960-1977) data set.

Summary of results of final stepwise multiple
regression analysis of brown shrimp total catch
(area 19) with envi ronmental vari abl es and
indices of recruitment for the eighteen year
(1960-1977) data set.

Summary of results of final stepwise multiple
regression analysis of brown shrimp total catch
(area 19, 11-15 fathom depths) with environmen-
tal variables and indices of recruitment for the
eighteen year (1960-1977) data set.

xxxv

373

373

374

375

379

380

381



Table
199

200

201

202

203

204

205

LIST OF TABLES (cont.)

Title
Summary of results of final stepwise multiple
regression analysis of brown shrimp total catch
(area 18) with environmental variables, indices
of recruitment, and offshore non-directed effort
for the eighteen year (1960-1977) data set.
Summary of results of final stepwise multiple
regression analysis of brown shrimp total catch
(area 19) with environmental variables, indices
of recruitment, and offshore non-directed effort
for the eighteen year (1960-1977) data set.
Summary of results of final stepwise multiple
regression analysis of brown shrimp total catch
(area 19, 11-15 fathom depths) with environ-
mental variables, indices of recruitment, and
offshore non-directed effort for the eighteen
year (1960-1977) data set.
Summary of results of final stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 18) with environmental vari-
ables and indices of recruitment for the
eighteen year (1960-1977) data set.
Summary of results of final stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 19) with environmental vari-
ables and indices of recruitment for the
eighteen year (1960-1977) data set.
Summary of results of final stepwise multiple
regression analysis of brown shrimp interview
catch/effort (area 19, 11-15 fathom depths)
with environmental variables and indices of
recruitment for the eighteen year (1960-1977)
data set.
Correlation matrix showing the simple bivariate
Pearson product-moment correlation coefficients
between all possible pairs of variables in
the ten year (1964-1973) data set used to
relate white shrimp total catch and interview
catch/effort variables to environmental vari-ables and indices of recruitment.

xxxvi

Page
382

382

383

383

384

384

385



Table

206

207

208

209

210

211

212

LIST OF TABLES(cant.)

Title

Summary of results of final stepwise multiple
regression analysis of white shrimp total
catch (area 18) with environmental variables
and i ndi ces of recruitment for the ten year
(1964-1973) data set.

Summary of results of final stepwise lTK.Iltiple
regression analysis of white shrimp total
catch (area 19) with environmental variables
and i ndi ces of recruitment for the ten year
(1964-1973) data set.

Summary of results of final stepwise multiple
regression analysis of white shrimp total catch
(area 19, 11-15 fathom depths) with environmen-
tal variables and indices of recruitment for the
ten year (1964-1973) data set.

Summary of results of final stepwise multiple
regressi on analysi s of white shrimp total catch
(area 18) with environmental variables, indices
of recruitment, and offshore non-directed effort
for the ten year (1964-1973) data set.

Summary of results of final stepwise multiple
regression analysis of white shrimp total catch
(area 19) with environmental variables, indices
of recruitment, and offshore non-directed effort
for the ten year (1964-1973) data set.

Summary of results of final stepwise multiple
regressi on ana lysi s of white shrimp tota 1 catch
(area 19, 11-15 fathom depths) with environmental
vari ab1es, i ndi ces of recru i tment, and offshore
non-directed effort for the ten year (1964-1973)
data set.

Summary of results of final stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 18) with environmental vari-
ables and indices of recruitment for the ten year
(1964-1973) data set.

xxxvii

Page
388

388

389

389

390

390

391



Table
213

LIST OF TABLES (cont.)

Title
Summary of results of final stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 19) with environmental vari-
ables and indices of recruitment for the ten year
(1964-1973) data set.

391

214 Summary of results
regression analysis
catch/effort (area
with environmental
recruitment for the
set.

of final stepwise multiple
of white shrimp interview
19, 11-15 fathom depths)
variables and indices of
ten year (1964-1973) data

392

215

216

217

218

219

Correlation matrix showing the simple bivariate
Pearson product-moment carrelation coefficientsbetween all possible pairs of variables in
the eighteen year (1960-1977) data set used to
relate white shrimp total catch and interviewcatch/effort variables to environmental vari-
ables and indices of recruitment.
Summary of results of final stepwise multiple
regression analysis of white shrimp total catch
(area 18) with environmental variables and
indices of recruitment for the eighteen year
(1960-1977) data set.
Summary of results of final stepwise multiple
regression analysis of white shrimp total catch
(area 19) with environmental variables and
indices of recruitment for the eighteen year
(1960-1977) data set.
Summary of results of final stepwise multiple
regression analysis of white shrimp total catch
(area 19, 11-15 fathom depths) with environmen-
tal variables and indices of recruitment for the
eighteen year (1960-1977) data set.
Summary of results of final stepwise multiple
regression analysis of white shrimp total catch
(area 18) with environmental variables, indices
of recruitment, and offshore non-directed effort
for the eighteen year (1960-1977) data set.

xxxviii

393

397

398

399

400



Table

220

221

222

223

224

LIST OF TABLES(cant.)

Title

Summary of results of final stepwise multiple
regression analysis of white shrimp total catch
(area 19) with environmental variables, indices
of recruitment, and offshore non-directed effort
for the eighteen year (1960-1977) data set.

Summary of results of final stepwise multiple
regression analysis of white shrimp total catch
(area 19, 11-15 fathom depths) with environ-
mental variables, indices of recruitment, and
offshore non-di rected effort for the ei ghteen
year (1960-1977) data set.

Summary of results of final stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 18) with environmental vari-
ables and indices of recruitment for the
eighteen year (1960-1977) data set.

Summary of results of final stepwise multiple
regressi on analysi s of white shrimp i ntervi ew
catch/effort (area 19) with envi ronrnenta 1 vari-
ables and i ndi ces of recruitment for the
eighteen year (1960-1977) data set.

Summary of results of final stepwise multiple
regression analysis of white shrimp interview
catch/effort (area 19, 11-15 fathom depths)
with environmental variables and indices of
recruitment for the ei ghteen year (1960-1977)
data set.

xxxix

Page
401

402

403

404

405



[This Page Intentionally Left Blank]



Figure
1

2

3

4

5

6

7

8

9

10

11

LIST OF FIGURES

Title
Location of the offshore diffuser for the Bryan
Mound SPR storage site.
Important bay systems along the Texas coast
(from TOWR 1979b).
Location of Bryan Mound brine diffuser with
reference to NMFS grid zones. Also shown
are locations of several regional sources of
environmental data.
Locations of sources of environmental data in
the Galveston Bay - Matagorda Bay area.
The pattern of monthly brown shrimp total catch
for area 19 for the period 1960-1977.
The pattern of monthly white shrimp total catch
for area 19 for the period 1960-1977.
The pattern of (a) annual brown shrimp to-
tal catch and (b) brown shrimp interview
catch/effort, for area 18, area 19 and area 19,
11-15 fathom depths for the period 1960-1977.
The pattern of (a) annual white shrimp total
catch and (b) annual white shrimp interview
catch/effort, for area 18, area 19 and area 19,11-15 fathom depths for the period 1960-1977.
Plot of brown shrimp total catch (area 18)
and most important independent variables in the
final stepwise multiple regression model for the
ten year (1964-1973) data set.
Plot of the actual, predicted and residual
values of brown shrimp total catch (area 18)
based on the final stepwise multiple regression
mode 1 with environmenta1 variab1es and indices
of recruitment for the ten year (1964-1973) dataset.
Plot of brown shrimp total catch (area 19)
and most important independent variables in the
final stepwise multiple regression model for the
ten year (1964-1973) data set.

xli

Page
2

6

52

56

409

410

411

412

413

413

414



Figure
12

13

14

15

16

17

18

LIST OF FIGURES (cant.)

Title
Plot of the actual, predicted and residual
values of brown shrimp total catch (area 19)
based on the final stepwise multiple regression
model with environmental variables and indices
of recruitment for the ten year (1964-1973) dataset.
Plot of brown shrimp total catch (area 19, 11-15
fathom depths) and most important independent
variables in the final stepwise multiple regres-
sion model for the ten year (1964-1973) data
set.
Plot of the actual, predicted and residual
values of brown shrimp total catch (area 19,
11-15 fathom depths)based on the final stepwise
multiple regression model with environmental
variables and indices of recruitment for the tenyear (1964-1973) data set.
Plot of brown shrimp total catch (area 18) and
most important independent variables including
offshore non-directed effort in the final
stepwise ITllltipleregression model for the ten
year (1964-1973) data set.
Plot of the actual, predicted and residual
values of brown shrimp total catch (area 18)
based on the final stepwise multiple regression
model with environmental variables, indices of
recruitment, and offshore non-directed effort
for the ten year (1964-1973) data set.
Plot of the actual, predicted and residual
values of brown shrimp total catch (area 19,
11-15 fathom depths) based on the final stepwisemultiple regression model with environmental
variables, indices of recruitment, and offshore
non-directed effort for the ten year (1964-1973)data set.
Plot of brown shrimp interview catch/effort
(area 18) and most important independent vari-
ables in the final stepwise multiple regression
model for the ten year (1964-1973) data set.

xlii

Page
414

415

415

416

416

417

418



Figure
19

20

21

22

23

24

25

LIST OF FIGURES (cant.)

Title
Plot of the actual, predicted and residual
values of brown shrimp interview catch/effort
(area 18) based on the final stepwise multiple
regression model with environmental variables
and indices of recruitment for the ten year
(1964-1973) data set.
Plot of brown shrimp interview catch/effort
(area 19) and most important independent vari-
ables in the final stepwise multiple regression
model for the ten year (1963-1974) data set.
Plot of the actual, predicted and residual
va1ues of brown shrimp interview catch/effort
(area 19) based on the final stepwise multiple
regression model with environmental variables
and indices of recruitment for the ten year
(1964-1973) data set.
Plot of brown shrimp interview catch/effort
(area 19, 11-15 fathom depths) and most
important independent variables in the final
stepwise I1lJltipleregression model for the ten
year (1963-1974) data set.
Plot of the actual, predicted and residual
values of brown shrimp interview catch/effort
(area 19, 11-15 fathom depths) based on
the final stepwise multiple regression model
with environmental variables and indices of
recruitment for the ten year (1964-1973) data
set.
Plot of brown shrimp total catch (area 18)
and most important independent variables in the
final stepwise multiple regression model for the
eighteen year (1960-1977) data set.
Plot of the actual, predicted and residual
values of brown shrimp total catch (area 18)
based on the final stepwise multiple regression
model with environmental variables and indices
of recruitment for the eighteen year (1960-1977)
data set.

xliii

Page

418

419

419

420

420

421

421



Figure
26

27

28

29

30

31

32

LIST OF FIGURES (cant.)

Title
Plot of brown shrimp total catch (area 19)
and most important independent variables in the
final stepwise multiple regression model for the
eighteen year (1960-1977) data set.
Plot of the actual, predicted and residual
values of brown shrimp total catch (area 19)
based on the final stepwise multiple regression
model with environmental variables and indices
of recruitment for the eighteen year (1960-1977)
data set.
Plot of brown shrimp total catch (area 19, 11-15
fathom depths) and most important independent
variables in the final stepwise multiple regres-
sion model for the eighteen year (1960-1977)data set.
Plot of the actual, predicted and residual
values of brown shrimp total catch (area 19,
11-15 fathom depths) based on the final stepwise
multiple regression model with environmental
variables and indices of recruitment for the
eighteen year (1960-1977) data set.
Plot of brown shrimp total catch (area 18) and
most important independent variables including
offshore non-directed effort in the fina1
stepwise multiple regression model for the
eighteen year (1960-1977) data set.
Plot of the actual, predicted and residual
values of brown shrimp total catch (area 13)
based on the final stepwise multiple regression
model with environmental variables, indices of
recruitment and offshore non-directed effort for
the eighteen year (1960-1977) data set.
Plot of the actual, predicted and residual
values of brown shrimp total catch (area 19)
based on the final stepwise multiple regression
mode 1 with environmenta 1 variab1es, indices of
recruitment, and offshore non-directed effort
for the eighteen year (1960-1977) data set.

xl i v

Page
422

422

423

423

424

424

425



Figure
33

34

35

36

37

38

39

LIST OF FIGURES (cant.)

Title
Plot of brown shrimp total catch (area 19, 11-15
fathom depths) and most important independent
variables including offshore non-directed effort
in the fina1 stepwise mu1tip1e regression model
for the eighteen year (1960-1977) data set.
Plot of the actual, predicted and residual
values of brown shrimp total catch (area 19,
11-15 fathom depths) based on the final stepwise
multiple regression model with environmental
variables, indices of recruitment, and offshore
non-directed effort for the eighteen year
(1960-1977) data set.
Plot of brown shrimp interview catch/effort
(area 18) and most important independent vari-
ables in the final stepwise multiple regression
model for the eighteen year (1960-1977) data
set.
Plot of the actual, predicted and residual
values of brown shrimp interview catch/effort
(area 18) based on the final stepwise multiple
regression model with environmental variables
and indices of recruitment for the eighteen year
(1960-1977) data set.
Plot of brown shrimp interview catch/effort
(area 19) and most important independent vari-
ables in the final stepwise multiple regression
model for the eighteen year (1960-1977) data
set.
Plot of the actual, predicted and residual
values of brown shrimp interview catch/effort(area 19) based on the final stepwise multiple
regression model with environmental variablesand indices of recruitment for the eighteen year
(1960-1977) data set.
Plot of brown shrimp interview catch/effort
(area 19, 11-15 fathom depths) and mostimportant independent variables in the final
stepwise multiple regression model for the
eighteen year (1960-1977) data set.

xlv

Page
426

426

427

427

428

428

429



Figure
40

41

42

43

44

45

46

LIST .OF FIGURES (cont.)

Title
Plot of the actual, predicted and residual
values of brown shrimp interview catch/effort
(area 19, 11-15 fathom depths) based on
tne final stepwise multiple regression model
with environmental variables and indices of
recruitment for the eighteen year (1960-1977)
data set.
Plot of white shrimp total catch (area 18)
and most important independent variables in the
final stepwise multiple regression model for the
ten year (1964-1973) data set.
Plot of the actual, predicted and residual
values of white shrimp total catch (area 18)
based on the final stepwise multiple regression
model with environmental variables and indices
of recruitment for the ten year (1964-1973) data
set.
Plot of white shrimp total catch (area 19)
and most important independent variables in the
final stepwise multiple regression model for the
ten year (1964-1973) data set.
Plot of the actual, predicted and residual
values of white shrimp total catch (area 19)
based on the final stepwise multiple regression
model with environmental variables and indices
of recruitment for the ten year (1964-1973) data
set.
Plot of white shrimp total catch (area 19, 11-15
fathom depths) and most important independent
variables in the final stepwise multiple regres-
sion model for the ten year (1964-1973) data
set.
Plot of the actual, predicted and residual
values of white shrimp total catch (area 19,
11-15 fathom depths) based on the final stepwise
multiple regression model with environmental
variables and indices of recruit~ent for the ten
year (1964-1973) data set.

xl vi

Page
429

430

430

431

431

432

432



Figure
47

48

49

50

51

52

53

LIST OF FIGURES (cant.)

Title
Plot of white shrimp interview catch/effort
(area 18) and most important independent vari-
ables in the final stepwise multiple regression
model for the ten year (1964-1973) data set.
Plot of the actual, predicted and residual
values of white shrimp interview catch/effort
(area 18) based on the final stepwise multiple
regression model with environmental variables
and indices of recruitment for the ten year
(1964-1973) data set.
Plot of white shrimp interview catch/effort
(area 19) and most important independent vari-
ables in the final stepwise regression model for
the ten year (1964-1973) data set.
Plot of the actual, predicted and residual
values of white" shrimp interview catch/effort
(area 19) based on the final stepwise multiple
regression model with environmental variables
and indices of recruitment for the ten year
(1964-1973) data set.
Plot of white shrimp interview catch/effort
(area 19, 11-15 fathom depths) and most
important independent variables in the finalstepwise multiple regression model for the ten
year (1964-1973) data set.
Plot of the actual, predicted and residual
values of white shrimp interview catch/effort
(area 19, 11-15 fathom depths) based on
the final stepwise multiple regression model
with environmental variables and indices of
recruitment for the ten year (1964-1973) dataset.
Plot of white shrimp total catch (area 13)
and most important independent variables in the
final stepwise multiple regression model for the
eighteen year (1960-1977) data set.

xlvii

Page
433

433

434

434

435

435

436



Figure
54

55

56

57

58

59

60

LIST OF FIGURES (cont.)

Title
Plot of the actual, predicted and residual
values of white shrimp total catch (area 18)
based on the final stepwise multiple regression
model with environmental variables and indices
of recruitment for the eighteen year (1960-1977)
data set.
Plot of white shrimp total catch (area 19)and most important independent variables in the
final stepwise multiple regression model for theeighteen year (1960-1977) data set.
Plot of the actual, predicted and residual
values of white shrimp total catch (area 19)
based on the final stepwise multiple regression
model with environmental variables and indices
of recruitment for the eighteen year (1960-1977)
data set.
Plot of white shrimp total catch (area 19, 11-15
fathom depths) and most important independent
variables in the final stepwise multiple regres-
sion model for the eighteen year (1960-1977)data set.
Plot of the actual, predicted and residual
values of white shrimp total catch (area 19,
11-15 fathom depths) based on the final stepwise
multiple regression model with environmental
variables and indices of recruitment for the
eighteen year (1960-1977) data set.
Plot of white shrimp total catch (area 18) and
most important independent variables including
offshore non-directed effort in the fina1
stepwise multiple regression model for the
eighteen year (1960-1977) data set.
Plot of the actual, predicted and residual
values of white shrimp total catch (area 18)
based on the final stepwise multiple regression
model with environmental variables, indices of
recruitment, and offshore non-directed effort
for the eighteen year (1960-1977) data set.

xlviii

Page
436

437

437

438

438

439

439



Figure
61

62

63

64

65

66

67

LIST OF FIGURES (cant.)

Title
Plot of white shrimp total catch (area 19) and
most important independent variables including
offshore non-directed effort in the fina1
stepwise multiple regression model for the
eighteen year (1960-1977) data set.
Plot of the actua17 predicted and residual
values of white shrimp total catch (area 19)
based on the final stepwise multiple regression
model with environmental variables, indices of
recruitment 7 and offshore non-directed effort
for the eighteen year (1960-1977) data set.
Plot of white shrimp interview catch/effort
(area 18) and most important independent vari-
ables in the final stepwise multiple regression
model for the eighteen year (1960-1977) data
set.
Plot of the actual, predicted and residual
values of white shrimp interview catch/effort
(area 18) based on the final stepwise multiple
regression model with environmental variables
and indices of recruitment for the eighteen year
(1960-1977) data set.
Plot of white shrimp interview catch/effort
(area 19) and most important independent vari-
ables in the final stepwise multiple regression
model for the eighteen year (1960-1977) dataset.
Plot of the actual, pr.edicted and residual
values of white shrimp interview catch/effort
(area 19) based on the final stepwise multiple
regression model with environmental variables
and indices of recruitment for the eighteen year
(1960-1977) data set.
Plot of white shrimp interview catch/effort
(area 19, 11-15 fathom depths) and most
important independent variables in the finalstepwise multiple regression model for the
eighteen year (1960-1977) data set.

xlix

440

440

441

441

442

442

443



Figure
68

69

70

71

72

73

LIST OF FIGURES (cont.)

Title
Plot of the actual, predicted and residual
values of white shrimp interview catch/effort
(area 19, 11-15 fathom depths) based on
the final stepwise multiple regression modelwith environmental variables and indices of
recruitment for the eighteen year (1960-1977)data set.
Dendrogram resulting from Q-mode cluster
analysis based on environmental and recruitment
variables that were most important in the
categorical regression equations developed forbrown shrimp total catch (pounds, heads off) in
area 19 for the period 1964-1973.
Dendrogram resulting from Q-mode cluster
analysi s based on environmenta 1 and recruitment
variables that were most important in the
categorical regression equations developed for
brown shrimp total catch (pounds, heads off) in
area 19 for the period 1960-1977.
Dendrogram resulting from Q-mode cluster
analysis based on environmental and recruitment
variables that were most important in, thecategorical regression equations developed for
white shrimp total catch (pounds, heads off) in
area 19 for the period 1964-1973.
Dendrogram resulting from Q-mode cluster
analysis based on environmental and recruitment
variables that were most important in the
categorical regression equations developed for
white shrimp total catch (pounds, heads off) in
area 19 for the period 1960-1977.
Dendrogram resulting from Q-mode cluster
analysis based on environmental and recruitment
variables that were most important in the
categorical regression equations developed for
brown and white shrimp total catch (pounds,
heads off) in area 19 for the period 1964-1973.

1

Page
443

444

445

446

447

448



Figure
74

LIST OF FIGURES (cont.)

Title
Dendrogram resulting from Q-mode cluster
analysis based on environmental and recruitment
variables that were most important in the
categorical regression equations developed for
brown and white shrimp total catch (pounds,
heads off) in area 19 for the period 1960-1977.

1i

Page
449



[This Page Intentionally Left Blank]



1.0 INTRODUCTION

1.1 SPR BACKGROUND

In 1975 the United States Congress passed the Energy Policy
Conservation Act which mandated the development of a Strategic Petroleum
Reserve (SPR) Program. The SPR program managed by the Department of
Energy (DOE) involves leaching of salt domes to create caverns for
storage of imported oi 1. The Bryan Mound salt dome near Freeport,
Texas, has been selected as one such oil storage facility (Figure 1).

The process of creating a storage cavern within a salt dome
involves dissolving the solid salt with raw water. The water source
used for leaching Bryan Mound is the Brazos River. Water is piped
under pressure into the salt, and saturated brine solution is displaced
out. Initially, DOE attempted to dispose of the brine into .underground
aquifers through deep injection wells, but the aquifers would not accept
the brine at the required rate or quantity. The only practicable
alternative was disposal in the ocean.

The Envi ronmenta 1 Protecti on Agency (EPA), Regi on VI issued to
the DOE Permit No. TS-0074012 under the National Pollutant Discharge
Elimination System (NPDES). This allows brine discharge from the Bryan
Mound storage facility to flow by pipeline to the receiving waters of
the Gulf of Mexico seaward of the mean low water (MLW) 70 foot depth
contour. This discharge was initially limited to 680,000 barrels per
day (maximum permitted leach rate). The EPA has granted an amended
permit, effective August 23, 1981, to increase the maximum permitted
discharge rate at Bryan Mound from 680,000 bbl/d to 1,100,000 bbl/d as
a Phase II (expansion) action to sustain an average accelerated rate
of 980,000 bbl/d. Brine is pumped from the storage facility through
a buried pipeline to a diffuser system located twelve and one-half
mil es offshore of Freeport, Texas (Fi gure 1). The original choice for
a diffuser site was five miles offshore along the same route, but this
site was abandoned because of the possibil ity that the area might be
a spawning site for white shrimp (penaeus setiferus). Results of the
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spawning site survey in the region of the diffuser site (Gallaway and
Reitsema 1981) have confirmed that white shrimp spawning is restricted
to the nearshore zone.

The diffuser system is 3000 feet long, oriented onshore to offshore

and contains 54 diffuser ports. Brine is jetted from these ports into
the water column at exit velocities of approximately 25 feet/second
I

(U.S. Dep~rtment of Energy 1978).

Initi ally, there was concern for the possi bl e effects of bri ne
discharge on the shrimp fishery because: (1) the diffuser is located in
what might have been a brown shrimp (penaeus aztecus) spawning grounds;
(2) the larvae and postlarvae might have keyed on salinity gradients to
aid in transport to the estuaries (e.g. changes in vertical position);
(3) since the diffuser is oriented normal to the shore and the dominant
current patterns are longshore, a large volume of water, which would,
at times, harbor large numbers of penaeid larvae and postlarvae in
longshore transport, woul d pass over the diffuser. These concerns
were initi ally expressed at the Strategic Petrol eum Reserve Workshop
on Environmental Considerations of Brine Disposal held in Houston,
Texas, in February 1977 (James 1977). In addition to these concerns,
brine discharge could preclude shrimping in the area of the diffuser.
The statistical reporting unit (statistical area x five fathom depth
cell) in which the diffuser resides produces economically significant
quantities of shrimp. NOAA(1979) reported that statistical area 19,
11-15 fm depths, yielded more than 2.4 million pounds (heads off) of
brown shrimp but just over 300,000 pounds (heads off) of white shrimp.
Total catches of brown and white shrimp along the Texas coast in 1977
were 35.0 and 11.2 million pounds (heads off), respectively.

The results of the analyses reported herein provide a methodology
by which impacts from brine disposal can be assessed. This assessment
rel ates the hi storical data' base for the Gul f coast shrimp fi shery to
a number of environmental variables which are known to be important in
determining the success of a particular year class.
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1.2 CHARACTERIZATIONOF THESTUDYAREA

The cl imate of the Texas coast is subtropical with short, mild
winters and long hot summers. The transition between summer and winter
is rapid. The climate becomes progressively drier westward, with
semi arid conditi ons preval ent in the vicinity of Brownsvill e. Annual
rainfall decreases from greater than 45 inches in the east to less than
27 inches at the Mexican border. The average annual mean temperature
(oF) varies from 70 in the east to 24 at the Mexican border. Because of
this gradient in climate, Texas estuaries are generally more saline to
the westward. The Laguna Madre, which spans the entire southern third
of the Texas coast from Corpus Christi to Brownsville, is a hypersaline
estuary.

The winds along the Texas coast are dominated by persistent
southeasterly flow during much of the year, with the pattern being
disrupted during the winter (December through February) as IInorthers" or
polar fronts from the continental interior push through the area. The
persistent southeast winds are generaly moderate to strong (speed) while
the northers are the most intensive winds. Fifteen to twenty northers,
of about 24 to 36 hour duration, generally occur each year, often with
winds up to 50 miles/hour.

Gunn (1978) discussed the relationship of wind direction and Ekman
transport for the period 1964 to 1973 for the Texas coast based on
data from 270 N, 960 W. During most months at this latitude (over
the open Gulf), where northers do not have as great an effect as
they do at the coast, winds are generally from the east to southeast,
with the most southerly flow occurri ng duri ng the spring and summer.
Correspondi ngly, Ekman transport is to the north and northeast duri ng
most of the year, with the most easterly flows occurri ng duri ng the
spring and summer. Strongest transport occurs during the spring and
summer months, with peaks for both zonal and meridional (to the east
and north, respectively) indices occurring in April.
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The study area for thi s project was the area of the Texas coast
in proximity to the Bryan Mound brine diffuser site. Since the brine
diffuser is located in the eastern portion of statistical area 19, both
area 18 and area 19, along with the contiguous coastal estuarine zone,
are considered as part of the study area.

Major estuari es along the Texas coast are shown in Fi gure 2. As
can be seen, three estuary systems, the Tri ni ty-San Jaci nto estuary,
the Lavaca-Tres Palacios estuary and the Guadalupe estuary are within
statistical area 18 and 19, and are, therefore, of direct interest to
this study.

The Trinity-San Jacinto estuary (Figure 2) consists of Trinity Bay,
Ga1veston Bay, East Bay, West Bay and several small er bays and covers
about 600 square mi1es (TDWR 1979b). Areas contri buti ng freshwater
inflow to this estuary include the entire Trinity and San Jacinto
River Basins and the Trinity-San Jacinto Coastal Basin, plus parts of
the Neches- Tri nity and Jaci nto-Brazos Coastal Basi ns (Fi gure 2). The
estuary is the largest of eight major Texas estuarine systems and
ranks first in shellfish and fourth in finfish production (TDWR1979b).
Since 1962, the average annual commercial catch (all species) from
the Trinity-San Jacinto estuary system has been more than 9 million
pounds. Shellfish constitute the major portion of commercial landings,
accounting for approximately 94 percent of the total annual harvest by
wei ght with the remain i ng catch bei ng di st ri buted among a number of
finfish species. With respect to commercial Texas bay landings from
1972 to 1~76, bays of the Tri nity-San Jaci nto estuary contri buted an
average 11.0 percent of finfish landings and 45.4 percent of shellfish
landings.

The Lavaca-Tres Palacios estuary (Figure 2) is the second largest
estuarine system on the Texas coast (352 square miles). Of Texas' eight
major estuarine areas, it ranks second in inshore commercial harvest of
seafood, which include 17.7 percent of the shellfish landings for the
Texas coast. The Lavaca-Tres Palacios estuary includes Matagorda Bay,
Lavaca Bay, Cox Bay, Keller Bay, Carancahua Bay, Tres Palacios Bay and
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several smaller bays. The drainage basin of the Lavaca-Tres Palacios
estuary (Figure 2) is approximately 44,000 square miles (TDWR1980a) and
includes the Colorado River Basin, the Lavaca River Basin, the Colorado-
Lavaca Coastal Basin, and the Lavaca-Guadalupe Coastal Basin. By far
the greatest contribution is from the Colorado River Basin.

The Guadalupe estuary (Figure 2) consists of San Antonio Bay,
Espiritu Santo Bay, Mesquite Bay, and several smaller bays. Areas
contributing inflow to the estuary include the entire Guadalupe and San
Antonio River Basins (15,151 and 10,826 km2, respectively) plus p,'1rts
of the Lavaca-Guadalupe and San Antoni o-Nueces Coastal Basi ns (Fi gure
2). The estuary is shallow (average depth 2.5 ft.) and has a total
surface area of 579 km2 (TDWR1980b).

1.3 SUMMARYOF RELEVANTINFORMATIONON THE PENAEIDLIFE CYCLE

1.3.1 Introduction

In this section the important aspects of the shrimp (penaeus spp.)
life cycle are discussed in terms of those recruitment and environmental
variables which determine the success of the year class. This
information provided the basis for identifying those variables which
were utilized in developing predictive equations for shrimping success
indicators. A number of data sources were particularly pertinent to
the goals of this program and the methodologies, results and conclusions
of these studi es are di scussed below. The Texas Parks and Wi1dl ife
Department (TPWO) and the Louisiana Department of Wildlife and Fisheries
(LDWF) have been conducting estuarine monitori ng studi es of penaeid
shrimp and the factors i nfl uenci ng thei r abundance for much of the
1960's and 1970's. In addition, the Bureau of COlTlTlercial Fisheries
(BCF) and its successor, National Marine Fisheries Service (NMFS),
have established a data collection system for gathering information on
cOlTlTlercial shrimp catch in the Gulf of j~exico and have also conducted
extensive penaeid research in the Gulf.
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1.3.2 Generalized Life Cycles

The 1ife cyc1 e of commercially important penaeid shrimp has been
the subject of numerous investigations. According to Kutkuhn (1966b)
spawning occurs in the nearshore Gulf, with each female producing large
numbers of microscopic, demersal eggs. Within hours these semibuoyant
eggs hatch into small, planktonic naup1ii. Development proceeds rapidly
through the protozoal and mysis stages, with the 1arva1 shrimp being
transported landward toward the mouths of shallow estuaries as they
develop. The amount of time el apsi ng between hatchi ng offshore and
entry of the one-half inch (1.25 cm) postlarval shrimp into brackish
waters inshore is usually three to five weeks. Once in the estuary,
the post1arvae quickly transform into juveniles. Over the subsequent
two to four months, they grow rapidly and reach commercial size shortly
before their return to the sea, where the life cycle is completed
(Kutkuhn 1966b). The management plan for the shrimp fishery of the Gulf
of Mexico (Gulf of Mexico Fi shery Management Council 1980) is another
source of information on the shrimp fishery, including discussions of
life history, biology and population dynamics.

Off Texas, fishable stocks of brown shrimp reach maximum density
at depths of from 20 to 100 meters (Comiskey et ale 1981) where most
spawning occurs (Kutkuhn 1962a, Gall away and Reitsema 1981). Upon
hatching, the young have a fairly great distance to traverse before
reaching the estuaries. Once there, they remain a comparatively short
time. In contrast, adult white shrimp are rarely found at depths
greater than 35 meters, well within that part of the 1ittora1 zone
measurably influenced by land drainage. Kutkuhn et ale (1969) stated
that penaeid larvae are found closer than ten kilometers from shore off
Texas only during the summer, when white shrimp are spawning. During
the spring (when brown shrimp post1arvae are entering estuaries) larvae

are absent in water closer than ten kilometers from shore, being present
further offshore. Brown shrimp post1arvae, however, do traverse shallow
waters in their journey to the estuaries. The young white shrimp not
only spend more time in the estuaries, but penetrate them to a greater
degree as well (Burkenroad 1934, Gunter 1950, Lindner and Anderson

8



1956). Because of their longer stay in the estuaries and especially
the fact that they reach 1arge si ze in the estuari es (1 arger than the
brown shrimp, which remain for a shorter time) they are subject to
much more intense inshore expl oitati on. Whil e some brown shrimp are
collected for bait inshore, the commercial catch of adult brown shrimp
for Texas is almost enti rely offshore. Because brown shrimp generally
leave the estuaries as subadults, their immediate harvest could reduce
overall shrimp production. Therefore the State of Texas has, for
the entire period of concern to this study (1960-1977), regulated the
offshore fishery in the outside waters (within state jurisdiction) with
a spring closure (Texas Shrimp Conservation Act). Although the normal
closure period is 45 days (usually June 1 to July 15), the closed
season can be extended up to 15 additional days if it appears that
spring growth of brown shrimp was slow and gulf migration late. TPWD
conducts spring estuarine sampl ing to help determine the timing of
the closure. Beginning in 1981, this closure to shrimping for brown
shrimp has been extended to the fisheries conservation zone (Federal
jurisdiction seaward of state waters and extending 200 miles from the
coastal baseline).

Moffett (1972) described the typical shrimp 1ife cycle in Texas.
Brown shrimp spawn in the open Gulf, at depths of 18.3-91.4 m (60-300
ft), while white shrimp also spawn in the open Gulf, but at depths of
12.2-45.7 m (40-150 ft) or shallower. Postlarvae, which are transported
shoreward by tidal currents, are 7-13 mm (0.25-0.50 in) long by the time
they reach tidal passes to the bays. In the bays, the postlarvae drift
or migrate to fertile and protected backwater nursery areas, including
tidal creeks, bayous, marshes and shallow bays. The nursery and bay
areas occupied by young shrimp are determined in part by water salinity.
White shrimp are generally most abundant at sal inities of 10 ppt or
1ess, whi 1e brown shrimp prefer 10-20 ppt sa 1in i ty. Nei ther tolerates
freshwater.

The growth rates of young shrimp, depending primarily on water
temperature, are generally 30-60 mm (1.2-2.4 in) per month (Moffett
1970). When 50-75 mm (2-3 in) in length, young shrimp move to the

9



deeper waters of the bays where they become vu1nerab 1e to fi sh i ng.
Juvenile and subadult shrimp, 75-125 mm (3-5 in) in length, migrate back
to the Gul f of Mexico, compl eti ng the 1ife cycl e. Shrimp spend 2-3
months in inshore waters. While in the estuary, juvenile penaeid shrimp
feed mainly at the interface of the marsh and open water. The small
juveniles feed on detritus, while the larger bay shrimp become more
predaceous bottom feeders as they move to the deeper porti ons of the
bay (Gulf of Mexico Fishery Management Council 1980).

Postlarval brown shrimp begin entering bays from the Gulf in
February with peak migration in March-April; migration back to the
Gulf begins in Mayor June. White shrimp postl arvae fi rst enter Texas
bays in May and conti nue to migrate through the summer; bay-to-Gul f
migrations begin in 1ate summer and continue through fall (Moffett
1972) •

At the time of the early summer egress, most brown shrimp have not
reached the Texas minimum legal size for harvest (108 mm long; 39 whole
shrimp per ~ound or 65 shrimp per pound, heads off). Trent (1967) found
that brown shrimp emigrating from Galveston Bay to the Gulf averaged
less than 100 nvn (4 in) in length from mid-May to July. White shrimp
grow larger (115-140 mmor 4.5-5.5 in) in the bays than do brown shrimp
and support an important sport and commercial fishery in both the bays
and in the Gulf.

A similar situation was seen in Louisiana (Gaidry and White
1973). A steady increase in estuarine juvenile postlarval density
occurs from late March through mid May, during which time a period
of peak density of brown shrimp occurred. After this, there was an
abrupt decline in the population due to the opening of the spring season
(15th-31st of May) and natural egression of larger juvenile shrimp from
smaller estuaries upon reaching a length of 65-75 mm. Gaidry and White
(1973) stated that the data showed a del ay in the fi rst appearance
of newly recruited juvenil e brown shrimp as one proceeded westward
along the Louisiana coast, implying a westward movement of juvenile
brown shrimp from the bay systems in the area of the Missi ssi ppi and
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Atchafalaya river outfal1s (e.g., Barataria, Caminada, Timbalier, and
Terrebonne bays) where the Loui si ana brown shrimp popul ati on appeared
to be centered. These bay systems, which were created by barri er
islands, serve as important staging areas in the early life history of
j uvenil e brown shrimp. Apparently, shortly after juveni 1e brown shrimp
1eave the estuaries, they reenter certain estuarine systems that mimic
coastal bays. Gaidry and White (1973) showed definitive evidence for an
emigration of young adult brown shrimp from Rockefeller Wildlife Refuge
and subsequent entry of the same si ze shrimp to Ca1casi eu Lake. The
movement was consistent for all years of their study. Lakes such as the
Calcasieu Lake apparently serve as staging areas prior to the offshore
emigration of this group.

Gaidry and White (1973) found that most white shrimp postl arvae
entered Loui si ana estuarine waters from June to September with the
first presence of juveniles in bay catches in June and July, and
recruitment continuing through September. Juvenile white shrimp may
have migrated offshore during the early winter, reentering the estuaries
in early spring. Larger white shrimp moved to offshore waters (after
estuarine growth) during July-September. Few white shrimp were found
in shallow waters from December-February, with the approaching winter
forcing subadult white shrimp prematurely from the shallow nursery areas
into the larger lakes or staging areas (e.g., Calcasieu Lake) and
finally into the Gulf, where they apparently overwinter. Largest white
shrimp populations inshore occurred in April, May, August and September.
The populations of the inshore deep lakes and bays from July to December
were mainly dependent on recruitment of shrimp from the nursery, while
the spri ng inshore popul ati on depended on immigrati on of the stocks
that overwintered offshore. Highest density of white shrimp in offshore
waters occured during November-January period.
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1.3.3 Factors Influencing the Success of the Year Class

Estuarine areas are vital to the 1ife cycle of penaeid shrimp
(Kutkuhn 1966a, Gunter 1967) providing the salinity, temperature,
substrate, food, and cover needed by the postlarvae and juveniles.
Therefore, the majority of the efforts in the study of shrimp production
and forecasting have relied on analysis of recruitment of postlarval
and juvenile shrimp to the estuaries and their subsequent development
as juveniles in the estuaries. Berry and Baxter (1969) summarized the
work conducted in Texas estuaries by BCF-NMFS Galveston Laboratories.

1.3.3.1 Temporal and Spatial Patterns in Spawning Activity

The seasonal occurrence of postlarvae in the estuary depends, to
a large degree, on the seasonal pattern in penaeid shrimp reproductive
activity. Numerous workers (e.g., Orton 1920 and Subrahmanyam 1971)
have stressed the importance of temperature in control 1ing spawning
activity, with most activity occurring in spring or summer and in fall,
when temperatures are rising and falling. Baxter and Renfro (1967)
stated that the only postlarval penaeids that entered Galveston Bay
during the first four months of the year were brown shrimp. By June,
advanced postlarval and early juvenile white shrimp became abundant and
both brown and white shrimp were present throughout the summer. During
times when postlarvae of both species were present, the mean length of
the whites was always less than that of the browns, indicating that the
white shrimp postlarvae entered the bay at a much smaller size, probably
due·to the closer proximity of their spawning sites to the estuaries.

Female white shrimp are believed to reach sexual maturity at
approximately 135 mm (Moffet 1970, lindner and Bailey 1968, Gallaway
and Reitsema 1981). In males, the joining of the petasmal endopods
occurs within a size range of 105 to 127 mm. Burkenroad (1939) stated
that males possess spermatophores of maximum size and development at a
length of 155 mm. Effective sperm however, is present in specimens as
small as 118 mm. During copulation (between hard shelled individuals),
the male spermatophore is attached to the thelycum of the female. The
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spermatophore is anchored by various attachment mechanisms including an
adhesive produced by the male and modifications of the exoskeleton in
the form of bristles and plates in the female (Lindner and Bailey 1968).

The monthly percentage of female white shrimp, according to stage
of ovari an. developnent for the Loui si ana offshore fi shery (Li ndner and
Anderson 1956) showed ripe female white shrimp to be present in April,
and, by September or October, spawning appeared to be compl ete (as
represented by the decline in ripe ovaries and the increase in the
occurrence of spent femal es) • Considerabl e evi dence indicates that t.
setiferus may spawn more than once during the season. The percentage
of spent females remains low throughout the summer and evidence of
subsequent redevelopnent of ovaries has been reported (Lindner and
Bailey 1968). Spawning in white shrimp is thought to take place in
the open Gulf close to shore. Lindner and Anderson (1956) reported that
white shrimp spawn in the Gulf at depths of 4 to 17 fathoms during the
spring, summer and fall. Based upon the presence of ripe and spent
female white shrimp, it appears that the early spring spawning occurred
in depths between 9-17 fm. Around June, a second group of spawners
appeared in depths under 9 fm and subsequently moved to deeper waters
through August and September as they continued to mature. The juveniles
resulting from the spring spawning were found in shallow depths in
August and were found to move offshore in September. Anderson et
ale (1949) reported that larval development in white shrimp took two to
three weeks, and the shrimp underwent transformati on to the postl arval
stage inside the estuary. At depths within which white shrimp were
assumed to spawn (7.6 m station), Temple and Fischer (1967) found the
greatest abundance of Penaeus sp. larvae during the period from May to
August. Gallaway and Reitsema (1981) found spawning white shrimp within
about 8 km of the beach. Ripe females have been collected inside bays
and estuaries on occasion.

The bulk of white shrimp postlarvae enter the Louisiana estuaries
from June to September with smaller pulses occurring in the late fall
and early spring. Baxter and Renfro (1967) reported that postl arval
white shrimp recruitment to Texas estuaries occurred from May through
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October. These postlarvae appeared in waves suggesting periodicity in
spawning pulses or in survival of larval stages, possibly related to
fluctuations in environmental conditions such as currents, 02 deficits,
predati on, etc.

Maturati on of femal e brown shrimp occurs around 115-140 mm total
length (Burkenroad 1939, Renfro 1964, and Moffett 1970). Males with
joined petasmal endopods are usually found between lengths of 85-101 mm
(Lindner and Bailey 1968) and are considered capable of spawning at
1east by the time they reach 135-140 mm (Renfro 1964, Moffett 1970).
The thelycum of brown shrimp is different than that of whi te shrimp
in that it is considered closed. Copulation appears to occur with
softshelled females without regard to ovarian developmental stage.
Spawning is bel ieved to occur between depths of 25 to 60 fathoms
throughout the year and between 10 and 25 fathoms from March to December
(Lindner and Anderson 1956, Moffett 1970).

Based upon the abundance of juveniles in estuaries, Gunter (1950)
proposed a February-Ma rch spawn i ng peak for brown shrimp in Texas.
Gaidry and White (1973) and White and Boudreaux (1977) report February
and March peak recruitments of brown shrimp postl arvae in Loui si ana.
However, Moffett (1970) reported that brown shrimp spawned off Texas
between 25-30 fm throughout the year and between 10 and 25 fm from
March to December. The difference in these findings can be reconciled
by the fact that only the early (February-Ma rch) wave of brown shrimp
postlarvae apparently contributed significantly to the estuarine stocks
and subsequent offshore production (Moffett 1971). Renfro and Brusher
(1965) reported two peaks in brown shrimp spawning, September to
November and April to June. They found that brown shrimp spawned
conti nuously in the open Gulf at depths from 25 to 60 fathoms, and
seasonally (from spring to early summer) at depths of 10 to 25 fathoms.
Temple and Fischer (1967) found that planktonic stages of penaeid
shrimp were found in the open Gul f off Texas in greatest numbers at
depths of 15 to 45 fathoms in the late summer and fall, following
the peak occurrence of brown shrimp at these depths. They found
that the breeding season tended to be protracted with depth, so that
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penaeid larvae were continually produced at spawning depths greater
than 50 meters. Temple and Fischer (1967) proposed an overwintering
of postl arval brown shrimp in the nearshore Gul f and thi s hypothesi s
is supported by the \'Iork of Aldrich et ale (1968) which showed that
postlarval brown shrimp burrowed at low temperatures (approximately
150C) and emerged when temperatures reached 180 to 21.50C. White
shrimp did not burrow, possibly requiring migration either to deeper
water or south along the Texas coast to avoi d low temperatures. The
greater burrowing tendency in juveniles and subadults of brown shrimp as
compared to white shrimp was also shown in the laboratory experiments of
Wickham and Minkler (1975). This behavioral difference might be related
to the less well-defined pattern for white shrimp seasonal distribution.

Angelovic (1976) reported the results of the analyses of plankton
sampl es coll ected monthly in the STOCS study area from February 1962
to December 1965. Depth zones studied were 7.3-13.7 m, 22.9-27.5 m,
45.8 m, 64.0-82.3 m, and 109.7 m. In the nearshore zone (7.3-13.7 m)
abundance of penaeid larvae showed two peaks, one in spring and the
other in late summer and early fall, with the occurrence of Penaeus spp.
1 arvae in thi s depth range generally restricted to the April through
October period. In the intermediate depth zones (22.9-82.3 meters)
Penaeus sp. larvae (assumed to be mainly ~. aztecus) also showed the two
peaks characteristic of the nearshore zone, but some spawning occurred
during the entire year. During the fall to early winter period the
spawning peak occurred later with depth. Greatest catches of Penaeus
spp. larvae occurred at the 45.8 meter' station, and lowest catches
at the 109.7 meter station, indicating that the outer 1 imits of the
spawning area were being approached.

Results of the Shrimp Spawning Site Survey (Gallaway and Reitsema
1981), conducted as Work Unit 5 of the Shrimp and Redfish Studies, also
showed peak spawn i ng for brown shrimp in the autumn at thei r 46 meter
depth study area. They did not, however, locate any overwintering brown
shrimp postlarvae in their offshore study areas, leaving in question the
fate of these fall spawned brown shrimp larvae. Gallaway and Reitsema
(1981) felt strongly that brown shrimp postlarvae were overwintering in
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the Gulf, and had probably moved inshore from the spawn i ng area after
hatchi ng. They felt that the 1arge si ze of the early (February to
March) arriving postlarvae indicated that they were spawned the previous
fall. They noted that Ekman transport is generally not favorable for
transport of 1arvae to the estuaries of the northwest Gul fin the fall
and early winter, with net transport predominantly offshore.

Subrahmanyam (1971) conducted a thorough study of the abundance
and distribution of penaeid shrimp larvae along a six station transect
off the Mississippi Coast out to 50 fm (approximately 100 meter depth)
depth. He concluded that penaeid spawning occurred within the bottom
temperature range of 170 and 290C, and intense spawning was associated
with rising temperatures in spring and falling temperatures in late fall
or early winter. He concl uded that spawning occurred close to shore
during the warmer months, and shifted farther offshore as temperatures
began to fall in the autumn. Penaeus spp. spawned in all depths, but
mainly at 18 m in summer, 36 m in fall and 72 to 90 m in winter.

1.3.3.2 Transport of Larvae and Postlarvae to the Estuaries

One of the most important aspects of the penaeid life cycle is the
transport of the devel opi ng 1arvae to the estuaries. Current patterns
and 1arge scal e transport of water masses on the Conti nental Shel f
probably govern, to a 1arge degree, the eventual occurrence of post-
1arvae at the entrances to the nursery areas. In addition to passive
transport, postlarvae are capable of extended swimming. Aldrich (1966)
estimated that swimming alone could transport postlarvae 4.8 km per day.

The data relating postlarval recruitment to wind-generated currents
(as transport mechanisms) are not conclusive. Williams and Deubler
(1968), working on the Atlantic Coast of the U.S., found that ten years
of data did not show a definitive 1ink between wind-generated onshore
currents and larvae collected at flood tide in tidal passes. Wind
direction at time of catch apparently had no effect on sampling success.
There was also no relationship between the magnitude of current and
number of postlarvae collected. In fact, King (1971) showed a positive
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correl ati on between offshore winds and the number of postl arval brown
shrimp caught on flood tides in a Texas tidal inlet.

Nelson et al. (1977) used wind drift data (Ekman transport)
computed from mean monthly atmospheric pressure distributions to hel p
predict Atlantic menhaden catches. In general they found that stronger
westward transport (offshore to onshore) occurred between November and
February in the south Atlantic region, the period of peak menhaden
spawning, and suggested that this might provide a mechani~m by which
menhaden 1 arvae coul d be transported long di stances to the estuari es.
They used a Ricker spawner-recruit curve to account for density-
dependent variations, with the potential number of eggs that could·
be produced by the spawning stock used as the independent variable.
The potential m.mber of eggs depended on the age distribution of the
spawners and their si ze. The parameters of the model were estimated
from a linear regression of ln (R/S) on S, where R equals recruitment
and S equals the spawning stock. The authors then attempted to explain
deviations from this curve that might be caused by density-independent
factors, such as environmental variables. They calculated a survival
index as the ratio of observed recruits (number of age 1 individuals
and estimated exploitation rates) to the number of recruits calculated
from the Ricker spawner- recruit model. They felt this ratio, which
is density-independent, should reflect the environmental effects that
influence survival of menhaden before recruitment to the fishery. They
found that 62 percent of the variance in the survival index was
expl ained by zonal Ekman transport. They then developed a multi pl e
regression model to predict survival index from several environmental
variables and found that 84 percent of the variation in survival
index was explained by the model. Nelson et al. (1977) attributed the
lower correlations between survival index and Ekman transport in the
middle Atlantic (as compared with the south Atlantic) to the increasing
importance of long-distance oceanic transport as spawning activities
move progressively southward (and offshore) in the Atlantic. If, as can
be surmi sed from the various studies invol ving brown shrimp spawning,
maximum activity takes place in waters greater than 30 meters (100 ft),
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long range Ekman transport may be important to the success of the brown
shrimp year class. For white shrimp, which spawn closer to shore, long
range transport vectors might be expected to be less important.

Kutkuhn et ale (1969) discussed work which was initiated in the
1ate 1950's by the Galveston Biological Laboratory of the Bureau of
Commercial Fisheries to identify migration of larval and postlarval
penaeid shrimp into Galveston Bay. They studied the spatial and
temporal distribution of penaeid postlarvae and juveniles near Galveston
Entrance for one year with high-intensity sampl ing. They found that
even at this intensity of sampling, the temporal changes associated with
rapid onshore movement of postl arvae waves were not well documented;
however, spatial variations were more effectively discerned. They found
that the distribution of pre-juvenile Penaeus spp. approaching Galveston
Entrance was nearly homogeneous (spati ally) • In spri ng, most 1arval
and postl arval brown shrimp approached from the east, and in summer
white shrimp post1 arvae approached from the south and west. Thi s is
in agreement with the net longshore transport in the northwest Gulf,
whi ch is from east to west i n all seasons except 1ate summer, when
it reverses. They concluded that spawning grounds for the brown and
whi te shrimp in the Galveston Bay area 1ay to the east and west,
respectively. During their study, they found that the peak abundance
of 1arva1 and post1 arva1 . white shrimp offshore was not parall e1ed by
evidence of greater postlarval abundance in Galveston Entrance, possibly
indicating that oceanic conditions were not right for transport. They
a1so found that very few penaeid 1arvae were pr~sent in the water
column during fall and winter, or on the bottom during any season. No
post1arvae were found during winter. Berry and Baxter (1969) felt that
the rapid influx of postlarvae to the estuaries in the spring required
that intense samp1ing be conducted to more accurately determine the
amount and periodicity of recruitment.

Joyce (1965) felt that postlarval shrimp, through behavioral
mechanisms, have the ability to choose a tide favorable for transport.
Hughes (l969a and b) found, in 1aboratory experiments, that reduction
in salinity caused postlarval pink shrimp to settle to the bottom while
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an increase in salinity initiated a movement up into the water column.
Hughes postul ated that thi s response waul d allow the shrimp to use
incoming tides (high sal inity) to enter estuaries and avoid the low
salinity ebb tide. He also found that postlarval pink shrimp responded
to changes in salinity of as little as 1 ppt. The hypothesis of Hughes
to account for movement of postl arvae into the estuari es rests on the
importance of predictable tides for transport. In the northwest Gulf,
where winds are important in determining tidal fluxes, this is often not
the case. Al though some exceptions were seen, Berry and Baxter (1969)
did find that strong tides carried large numbers of postlarvae into the
Galveston Bay estuaries. This same phenomenon has been documented by
Pearson (1939), Tabb et al. (1962), St. Amant et al. (1965), Caillouet
et al. (1968) and Fontaine et al. (1972). Because of this importance
of passive transport in delivering the postlarvae to the estuaries,
normal tidal exchanges, storms and wind-induced current movements, or
excess i ve runoff coul d change the mmber of post 1arvae enteri ng the
estuaries. King (1971), who sampled only on flood tides, found that
the rate of brown shrimp postl arval invnigrati on was positi vely rel ated
to tidal amplitude.

Field surveys disagree as to whether postlarval shrimp exhibit
diel changes in vertical position in the water column. Much evidence
shows maximum nunbers of postl arvae in the surface at night (Tabb
et al., 1962; Baxter and Furr 1964; Copeland and Truitt 1966; Williams
and Deubler 1968; and Caillouet et al. 1968). Temple and Fischer
(1965) found vertical migration of penaeid postlarvae during times of
stratification with upward migration at night and a return to lower
depths at dawn. When water was isothermal no vertical differences
were seen. Subrahmanyam (1971) stated that his results differed from
those of Temple and Fischer (1965) regarding vertical distribution of
penaeid larvae. He did not see the distinct depth patterns reported
by Temple and Fischer (1965), and indicated that, in his estimation,
their data did not indicate a distinct ascent to the surface at night.
He concluded that the protozoea and mysis stages showed random patterns
of vertical distribution, and that postlarvae were also randomly
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distributed in the water column. Fontaine et ale (1972) and Duronslet
et ale (1972) found postlarvae of brown and white shrimp occurring
in greatest numbers near the surface during immigration through tidal
passes. On the other hand, St. Amant et al. (1965), Berry and Baxter
(1969), and Caillouet et ale (1968) found no difference in postlarval
brown shrimp distribution with depth. Jones et al. (1970) found no
significant difference between the numbers of pink shrimp postlarvae
caught at the surface during the day and during the night. Williams
and Deubler (1968) also showed that bright 1 ight at night drastically
reduced penaeid postl arval catch/tow. Al so, catches on new moons were
higher than those taken when the moon was full.

1.3.3.3 Postlarval Abundance as an Index of Shrimping Success

In the early 1960·s, the Galveston Biological Laboratory of the
Bureau of Commercial Fisheries began studies aimed at forecasting brown
shrimp abundance (Berry and Baxter 1969). ~he basic premise under
i nvesti gation was that abundance of postl arvae entering coastal bays
and density of juvenile shrimp in the bays were related to subsequent
commercial stocks. Initial studies (2 years) indicated that a poor
brown shrimp crop in June and July was rel ated to low catches of
postlarvae entering Galveston Bay earlier in the year, while during a
good catch year, high numbers of postlarvae entered the estuaries during
the late ,winter and spring. These results led to intensive sampling
(every two weeks) as part of an effort to predict shrimp catch from
catches of postlarvae. Overall, the predictive capability of postlarval
abundance has not been good. Berry and Baxter (1969) note that whil e
postlarval collections from March to April for 1960-1966 in Texas were
very similar (except for 1961), there were significant differences in
commercial catch (adult shrimp) during these years.

Christmas et ale (1966) stated that

" ••• it has been surmised for a long time that prediction
of at 1east the rel ati ve abundance of the future shrimp
(production) could be deduced from studies of the number of
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young or juvenil e shrimp in the bay ri ght after they have
completed their larval immigration ••• "

Christmas et al. (1966) reported the results of sampl ing of postl arval
penaeid shrimp in Mississippi Sound from November 1962 to October 1964.
Thi s study was conducted under contract to the Bureau of Commercial
Fi sheries and used sampl ing gear (Renfro small beam trawl, see al so
Renfro 1963) and techniques simil ar to those first employed by Baxter
(1963). One of the goals of the program was the development of an index
of postlarval "success". The index for brown shrimp which was developed
was the average postl arval haul for the period of February through
July, and covered the period of significant postlarval immigration.
They noted that white shrimp postlarval immigration began in May, with
movement of postlarvae into the estuaries continuing until the end of
October. Average numbers of white shrimp postlarvae per haul from May
through the remainder of the year were used as the index of white shrimp
postlarval abundance. Using catch and catch/effort as indices of shrimp
abundance, they found that postl arval indices caul d be used to predict
the 1964 catch from the 1963 data with surprising accuracy for both
species. Subrahmanyam (1971) stated that the relationship developed by
Christmas et al. (1966) is an uncertain one, due mainly to the short
time period invol ved. He examined the rel ationshi p between spawning
success and postlarval abundance for white and brown shrimp, and found
that during the major spawning periods the increases and decreases in
1arval abundance were closely followed by corresponding trends for the
postlarvae.

Christmas et ale (1976), who report on further development of a
brown shrimp postlarval index for Mississippi waters, defined the index
as the average number of postlarvae per tow taken during the peak spring
recruitment period (usually March to May). For the period 1971 to 1973,
the postlarval index of brown shrimp abundance predicted the subsequent
commercial catch for 1972 and 1973 with a maximum discrepancy of less
than 10 percent.
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1.3.3.4 Juvenile Abundance as an Index of Shrimping Success

In conjunction with their postlarval studies, members of the staff
of the Galveston Bi01 ogical Laboratory also conducted a survey of the
Galveston Bay bait shrimp fishery, recording weekly information on total
landings, fishing effort, and species and size composition. Commercial
harvests, as reported in USFWS-BCF Fishery Circulars, were also used.
Berry and Baxter (1969) reported that the relative sizes of the shrimp
stocks developing in Galveston Bay were better reflected by bait shrimp
1andings than by postlarval abundance, indicating that conditions in
the estuary during arrival of the postlarvae or early in the juvenil e
growth period greatly influence the subsequent abundance of commercial
shrimp. For brown shrimp, Berry and Baxter (1969) noted that bait
shrimp 1andings from Galveston Bay were greatest during the period
from May to July. Offshore, young of the year began appearing in
catches in 1ate June and reached peak density in July and/or August.
They concluded that the early season bait fishery catch/effort (weekly
mean for 25 April - 31 July) was the best predictor of commercial
abundance offshore. April 25 was the earliest expected appearance of
juvenile brown shrimp in commercial bait catches (Chin 1960) , while
most brown shrimp have left Galveston Bay by the end of July. They
also found that, with the exception of 1963 when unusually warm weather
caused early emigration of brown shrimp from the estuaries, a close
relationship existed between the 14-week mean catch (25 April - 31 July)
and that of the 25 April to 12 June period. Total catch of brown shrimp
in area 18 during 1963 was higher than average. Using average catch
per day during the July-September period in offshore waters (>20 meters
depth) of subarea 18 (as reported in Gulf Coast Shrimp Data) as an index
of brown shrimp stocks offshore from Galveston Bay, they found a close
relationship between the relative stock size in Galveston Bay (from
bait dealer survey data) and the offshore stock for most years from
1960 to 1966. The exception was 1966, when spring floods decreased bay
salinities in May 1966 and may have caused young shrimp to move seaward.
The offshore index was, however, relatively high, indicating that young
shrimp were not detrimentally affected by the reduction in salinity.
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Comparing the juvenile (25 April - 12 June) and offshore indices (Gulf
Coast Shrimp Data), they also found a strong positive relationship in
five of seven years. These results indicated that postlarval abundance
offshore or the number entering the estuaries were not well reflected in
subsequent offshore shrimp production. However, the results for Texas
(Baxter 1963) were better than those subsequently developed in Louisiana
(Gaidry and White 1973). For the years 1960 to 1972, Caillouet and
Baxter (1973) obtained a simple correlation coefficient of r = 0.85
for the relationship between annual offshore catch of brown shrimp in
Texas and the average weekly catch per hour for brown (bait) shrimp
in Galveston Bay (during the period from April 25 to June 12). St.
Amant et al. (1962) showed that popul ations of postl arval brown shrimp
were quite responsive to certain unstable hydrologic conditions that
often existed during and shortly after their arrival at the estuary.
Postlarval density (offshore) alone was shown to be a poor indicator
of impending production levels in Louisiana. Gaidry and White (1973)
pointed out that postlarval data alone had proven inconsistent in
Louisianal s efforts to predict commercial shrimp catch. Therefore,
Louisiana has relied heavily on juvenile indices for predicting offshore
catch. The success or failure of a shrimp year class appears to depend
more on factors occurring subsequent to entry of the postlarvae to the
estuary. Because of the apparent close correlation between recruitment
(juven i 1e) stocks and subsequent offshore catches, a greater effort
has recentl.r gone into the identification of those factors which are
responsible for success of juvenile shrimp inside the estuaries. Of
these, temperature and salinity have received the most attention.

One group of studies that provides a wealth of information on
the abundance of juvenil e white and brown shrimp in Texas and the
factors i nfl uencing the seasonal ity and success of the shrimp year
cl asses are the TPWDestuarine shrimp studies. Results of segments
of this continuing project, which covers the entire Texas Coast, were
reported by Leary and Compton (1960), Compton (1962), Pullen (1963),
Moffett (1964, 1965a, 1965b, 1966, 1967, 1968, 1969, 1970, 1971, 1972),
Moffett and McEachron (1973, 1974), and Johnson (1975). To manage the
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Texas shrimp fi shery, TPWDpersonnel have studied shrimp growth rates,
movements, trends in seasonal abundance and hab i ta t requ i rements since
1959. Si nce brown shrimp are 1ess than the 1egal si ze of 108 mm (65
headl ess shrimp per pound) when they 1eave the estuari es, Texas 1aw
provides a 45-day closed season in the shallow Gulf (from the coast
out to 9 nautical miles). Usually this season begins on 1 June, but
the TPWDcan adjust the closing date· to coincide with the start of
emigratioR. State biologists, therefore, sample brown shrimp in bays
during April and May to predict when emigration will begin. It is
felt that a good prediction will allow a portion of the brown shrimp
popul ation to reach 1arger si ze and weight before harvest begins, and
prevent the discarding of great numbers of shrimp too small to be sold
legally. State biologists also sample white shrimp in late summer and
fall to determine if areas in commercially fished bays harbor large
concentrations of illegal si ze white shrimp (1 ess than 113 mm, or 65
headl ess to a pound). The fall bay season and minimum 1egal shrimp
size are set by law.

Shrimp sampling stations in the TPWDstudy were described by Leary
and Compton (1960). These include: 1) nursery area or tertiary bay
stati ons (areas of estuaries 1-2 ft deep (1ess than 1 meter) used
by postlarval and small juvenile brown shrimp during their early days
in bays, e.g., salt marshes, shallow back bays and small bayous);
2) secondary bay stations (bays 4 to 5 ft (1.3-1.6 meter) deep, through
which juvenile shrimp pass when they are 40 to 70 mm, e.g., Clear Lake,
Jones Lake and Moses Lake in the Galveston Bay area); and 3) primary
bay stations (stations in 1arge bays usually deeper than six feet (2
meter), e.g., Galveston Bay, Matagorda Bay and Aransas Bay).

During April and May, brown shrimp were sampled weekly by TPWD
personnel at desi gnated stati ons in Galveston and Matagorda Bays, and
twice a month in Aransas Bay and the Lower Laguna Madre. Gear used
included: 1) bar seines, 1.80 m (6 ft) wide, 1.3 em (0.50 in) mesh,
pulled 152.4 m (500 ft) by hand in nursery areas, and 2) trawls, 3.05 m
(10 ft) wide, 3.2 cm (1.25 in) mesh, 1.3 cm mesh liner in cod end,
pulled 15 minutes per station (2 mi/hr) in secondary and primary bays.
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Shrimp were measured to the nearest mill imeter (t i P of rostrum to end
of telson) and counted. During summer and fall shrimp were sampled
twice a month with trawls at designated stations on the commercial
shrimping grounds of Galvestont Matagorda and Aransas bays (Moffett
1972). Because of the change in sampling methodologies for white
shrimp during the course of these studiest only the data from the
TPWDestuarine studies for brown shrimp are of quantitative value for
predictive purposes.

Based on the results of the analyses of data up to 1970t a
number of trends were apparent. For the 1962-1970 peri odt there was
a strong positive correlation (r = 0.92) between brown shrimp sample
catch/unit effort (in the estuaries) and annual commercial (offshore)
brown shrimp catches (Moffett 1970) t indicating that (juvenile) shrimp
recruitment was a good indicator of subsequent offshore harvest. The
least squares equation for this relationship was Y = 12.67 + 0.21Xt
where Y is offshore commerci a 1 catch (i n pounds t heads off t X 10-6)
and X is the catch/unit effort (average number of shrimp per sample)
from the estuary samples collected with 6 ft bar seines and 10 ft otter
trawls during the period 1962 to 1970. Moffett (1970) also noted that
the relationship between shrimp abundance and salinity was not clear
because of the confounding effects of environmental covariatest such as
temperaturet sediment composition and predation.

Moffett (1971) also compared annual rainfall for the 1962-1970
period to brown shrimp landings in Texas and the trend was for increased
catch during years with drier springs. Gunter and Hildebrand (1954) had
previously found a positive correlation between white shrimp production
and rainfall in Texas but their work related mainly to the very severe
drought years of the early 1950's when the effects of the drought were
obvi ous. Gunter' and Edwards (1969) tin thei r study of whi te shrimp
yield in Texast found a strong statistical correlation between yearly
catch and rainfall of the two previous years and between yearly catch
and the combined rainfall of the year and two previous years. Moffett
(1971) noted that white shrimp catches in Texas in 1964t 1968t 1969 and
1970 were hight andt excluding the higher 1969 catch (whiCh was at least
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partly due to increased fishing pressure on white shrimp stocks due to
low avail abil ity of brown shrimp), 1arge catches were made two years
after a "wet" year. Gunter and Edwards (1969) found no correlation
between catches of brown shri mp and ra i nfa 11 in Texas, nor between
catches of either species in Louisiana and discharge from Mississippi
river. However, Barrett and Gi 11espi e (1973) compared spri ng river
discharge with brown shrimp production, and summer river discharge with
white shrimp production, and in both cases, an inverse relationship was
seen. Coastal rainfall (and temperature) appeared to be very important
to inshore catches. This apparently different response of white shrimp
in Louisiana and Texas may be related to different ambient salinities
in the estuaries of the two states.

Moffett (1967) noted that a good brown shrimp season was 1ikely
in Texas if postlarvae were abundant in the spring and the period of
peak immigrat i on was 1ate. Differences in the temporal occurrence of
the different stages of the shrimp 1He cycle from year to year were
common and were probably caused by trends in envi ronmenta 1 covari ates.
Prolonged flooding of marshes during long-lasting periods of high spring
tides and preva i 1i ng onshore winds along the upper coast apparent ly
increased the brown shrimp population by increasing the amount of
nursery space (Moffett 1972). Moffett felt that favorable large scale
water movements in the Gulf of Mexico in spring, resulting from onshore
winds, carry more than the usual number of postl arvae to the expanded
nurseries. In this case, the same environmental variables (tides,
onshore winds) apparently fostered both postlarval immigration and
survival inside the estuary. During 1967, which was a peak year for
brown shrimp catch in Texas but a poor year for whi te shrimp catch,
rainfall was low and salinity was high in the spring. Drought and semi-
drought conditions prevailed during the mild winter and spring, leading
to high salinities and high water temperatures in the spring. The first
wave of brown shrimp postlarvae was large and successful. By early
May, brown shrimp were migrating offshore due to early immigration of
the postlarvae to the bays and rapid growth. White shrimp production
was low in summer, with a large wave entering the estuary in the fall.
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Because 1981, the first year of sustained discharge of high volumes of
brine at the Bryan Mound site, was environmentally similar to 1967 (high
salinity and low rainfall in spring), it will be interesting to compare
predicted and actual catches for this period.

These results indicate that temperatures in the spring may affect
both abundance and grOlith of brown shrimp. Berry and Baxter (1969),
found a strong relationship between average April air temperature at
Ga1veston and time of peak abundance of juveni 1e shrimp in Galveston
Bay. In 1967, the average April air temperature was high and peak brown
shrimp abundance was reached in early May. Generally the peak occurred
1ater. The fact that brown shrimp growth rate vari es with temperature
is considered by TPWOwhen adjusting the 45 day closed Gulf season in
the spring. Results from the TPWO surveys (Moffett 1970) indicated
that the fi rst waves of brown shrimp postl arvae enteri ng coastal bays
in March and April generally determi ned the success of the fi shery for
the year. Usually brown shrimp growth rates were slow in Texas bays
in April and rapid in May, with the subadults generally leaving the
estuary in late May and early June. In the cold spring of 1964, brown
shrimp growth in Galveston Bay was slow in April; however, the bays
warmed in May and the young brown shrimp reached lIemigrat i onll si ze by
June (Moffett 1965a).

In 1972, the apparent abundance of brown shrimp in estuaries and
I

the early availability of bait size brown shrimp in Galveston Bay
indicated that the year class was strong (Moffett 1972). The year class
benefited from a steady, early ingression of postlarvae, lack of cold
periods after postlarvae had entered bays and extreme high tides in
April and May, expanding the size of the nursery area available for
brown shrimp production.

The 1973 to 1975 period was especially bad for brown shrimp catch
in Texas (Moffett and McEachron 1973, 1974; Johnson 1975). During
1973, which was the worst year during the 1960 to 1977 period for
commercial brown shrimp catch in Texas, annual rainfall for the upper
Texas coast was 174.5 cm (57.2 cm above normal). This was combined with

27



cool temperatures in April to render the upper Texas coast estuaries
relatively unsuitable for brown shrimp production. During the first
week of April, postlarval and juvenile shrimp (13 to 38 mm) were caught
on nursery grounds of Moses Lake, Jones Lake, Dick i nson Bayou, and
Christmas Bay in Texas. They virtually disappeared, however, during the
record cold spell of 9-13 April. The lowes~ recorded air temperature
during this period was -S.6oC; the lowest recorded water temperature
was 11.SoC. Brown shrimp that virtually disappeared from samples
collected in Galveston Bay nursery areas during the April cold spell
may have suffered extensive mortality, burrowed in the substrate or
moved to deeper water (Moffett and McEachron 1973). Low brown shrimp
abundance and low salinity during April and May were also apparently
related. Gunter et al. (1964) had previously reported that brown shrimp
in Texas bays are most abundant at salinities of 10 to 20 ppt and
1east abundant at sal inities of 0 to 4.99 ppt. Between 1 April and
23 May, 1973, the average weekly bay salinity of upper coastal bays was
less than 9.8 ppt. Therefore, Sabine Lake, Galveston Bay and Matagorda
Bay were not suitable for good brown shrimp production (Moffett and
McEachron 1973). The strength of the 1973 white shrimp year class
that yielded a record high of 14.9 million pounds in Texas may have
been positively related to abundant rainfall (Moffett and McEachron,
1973). This agrees with the conclusion of Gunter and Edwards (1969)
that a positive correlation exists between large catch of white shrimp
and abundant rainfall in Texas, but this is somewhat different from the
response seen in Louisiana. Kutkuhn (1966a) suggested that increases in
white shrimp abundance and fishing success may be related to increased
nutrient materials carried to bays by flood water.

Moffett and McEachron ·(1974) reported that although the late pre-
recruitment groups of small brown shrimp in bays indicated that the
stocks may have been adequate, the brown shrimp season in Texas in
1974 was a poor one. The reduced 1974 catch was probably a result of
1ess effort, due to i nfl ated operat i ona 1 costs and low shri mp pri ces.
In 1975, the third consecutive year of poor brown shrimp harvest,
the problems appeared to be due to a combination of low density of
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shrimp and economic conditions in the shrimping industry (Johnson 1975).
Salinities in portions of Texas estuaries in 1975 were not ideal for
brown shrimp survival. Values in most areas were 10 ppt or higher,
but low salinities were recorded in the Tres Palacios River area of the
Matagorda Bay system (0.0-5.0 ppt) and in upper and middle Galveston Bay
nurseries (0.0-9.9 ppt) during April and May. After the first week of
April, most water temperatures recorded were above 200C; however, daily
temperatures in Galveston Bay at the TPWO Marine Laboratory at Seabrook,
Texas exceeded 200C only on 17-19 April and after 23 April. The water
temperatures at Seabrook were below 20°C for more than 200 hours after
the first week of April (Johnson 1975).

For white shrimp, the results of the TPWO surveys conducted from
1960 to 1970 showed that postlarvae often enter bays of the upper
Texas coast in several waves from June through October. Un1ike the
situat·ion for brown shrimp, the first wave of white shrimp was not
always the largest or most successful. This implies that a postlarval
wave occurring during mid-summer or early fall could be very important
to subsequent bay and offshore catches. In both 1965 and 1966 white
shrimp were scarce in summer and abundant in the fall in Galveston Bay.
Moffett (1966) noted that the large waves of small white shrimp that
appeared in Galveston Bay late in the season in 1966 would contribute
to the 1967 catch if conditions were suitable for survival and growth.
Moffett (1969) noted that the large numbers of adult white shrimp caught
in the spring of 1969 reflected the large late-fall to winter white
shrimp wave of the 1968 year class. Many of the shrimp spent the
mild 1968-1969 winter in Clear Lake and apparently migrated to Galveston
Bay in April. Moffett (1966) noted that prediction of \"hite shrimp
abundance poses greater problems than for brown shrimp since the second
or third waves of postlarvae entering the estuaries in the summer or
early fall can be larger than the first.

Occasionally, winter conditions are severe, and shrimp kills have
been reported by Gunter (1941), Gunter and Hildebrand (1951), and Joyce
(1965). In 1966, heavy mortalities were experienced in Galveston Bay
by the young white shrimp that had resulted from the late arriving wave
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of postlarvae. (Moffett 1966). Chapman (1964) found a scarcity of
white shrimp in Galveston Bay in late February after high numbers were
found in mid-January. Apparently, heavy mortality was experienced when
temperatures dropped to about 4oC. Prerecruitment waves of white shrimp
usually moved from back bays to primary bays during the fall I s first
Ilnorther.11 At this time they first became vulnerable to the fishery.

Movement of juvenil e shrimp from peri phera 1 bays and nurseri es to
commercial fishing grounds can be influenced by rainfall as well as
temperature (Moffett 1966). In 1966, higher than normal tides flooded
peripheral marshes and increased nursery space. However, in late April,
as the Trinity River flooded and salinities declined in Trinity Bay,
brown shrimp moved from upper bays to lower saltier bays, but there did
not appear to be an early premature offshore migrati on. The movement
of small white shrimp from peripheral bays to the commercial fishing
grounds of Galveston Bay in September 1973 appeared also to be related
to rainfall and runoff associated with tropical storm Delia. Upper
coast rainfall in September was 21.1 cm (8.3 in), 12.5 cm (4.9 in)
higher than normal (MOffett and McEachron 1973).

Although trends for white shrimp along the Texas coast are
generally similar, some geographical differences have been noted. For
example, in 1968, the first (June) wave of postlarval white shrimp
entering Matagorda Bay was large, while in Galveston Bay, the first wave
was much smaller than the major wave, which occurred in mid-July.

Parallel studies of the penaeid resource have been conducted in
Louisiana estuaries by LDWF. Barrett and Gillespie (1973), in findings
similar to those of Berry and Baxter (1969) in Texas, reported that a
good shrimp year in Loui si ana refl ected good catches both inshore and
offshore and a poor year was poor both inshore and offshore. Caillouet
and Baxter (1973) showed simi lar patterns for Texas and Louisiana.
These results reinforce the usefulness of recruitment (juvenile catch)
to predict offshore (adult) catch. Barrett and Ralph (1976) found that
while trends in both white and brown shrimp catch inshore and offshore
were simi lar, years of good brown shrimp catch differed considerably
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from years of good white shrimp catch. Usi ng data from the May to July
period to develop an index of brown shrimp catch, a higher percentage
of the shrimp catch consisted of larger individuals in poor years.
This was due, presumably, to better recruitment during good years, which
contri buted a 1arger proporti on of young of the year shrimp to the
fi shery.

St. Amant, Broom, and Ford (1965), St. Amant, Corkum, and Broom
(1962), and Ford and St. Amant (1971) had earlier found increasing
numbers of juveniles and maximum postlarval densities of brown shrimp
in Loui si ana estuari es when water temperature remai ned at or above
180 and 20oC, respectively. However, salinities were also shown to
be important, as denser populations and larger post1arvae were found
at salinities above 15 ppt. Barrett and Gillespie (1973) stated that
unseasona 11y low temperatures in Loui si ana coast a 1 waters, especi ally
in the early weeks following spawning, are critical factors in the
survival of larval brown shrimp during metamorphosis and of post1arvae
arriving in estuarine nursery areas. They suggested that the number of
hours that temperature remai ned below 20°C after April 8 was important
in detenni ni ng brown shrimp producti on for the year. If temperatures
remained below 200C for 33 hours or more, then temperature became a
1 imiting factor to shrimp production. If temperature remained below
200C for less than 33 hours, other factors, such as rainfall, river
di scharge and avai 1abil ity of food, became important. Upper to lower
bay salinities of 15 and 20 ppt, respectively, appeared to be ideal for
brown shrimp producti on. In the Baratari a - Caminada bay area, duri ng
years when May brown shrimp production exceeded one mi11 i on pounds
(1963,1967-1972), weekly mean salinities were above 18.3 ppt. During
those years when production was less than one million pounds, weekly
salinities were below 18.3 ppt. According to Barrett and Gillespie
(1973) the annual brown shrimp catch appeared related to the number
of acres of estuari ne surface water in coastal Loui si ana above 10 ppt
salinity in the spring. The large amount of freshwater which entered
the estuaries in 1973 resulted in a drastic reduction in the amount of
nursery area as compared to 1972. Turner (1977) found a strong linear
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correlation (r2 = 0.69) between the area of intertidal land and yield
of penaeid shrimp caught in inshore Louisiana waters. For the total
inshore penaeid shrimp catch, the percent that were brown shrimp was
found to be directly related to the percent of saline vegetation in the
estuaries.

Gaidry and White (1973) also found that hydrologic conditions
prevailing shortly after the arrival of postlarval brown shrimp can be
directly correlated with commercial offshore production. They reported
that above average abundance of brown shrimp for 1970-1972 was the
result of abnormally high salinity levels in the estuaries during the
spring of these three years. White (1975),' noting that past studies
showed that juvenil e (brown shrimp) numbers were good i ndi cators of
future production, stated that juvenile abundance was directly related
to the hydrologic conditions that occurred during and after postlarval
recruitment. The low producti on year of 1964 was characteri zed by
low temperatures shortly after peak larval recruitment, along with
low salinities. They also concluded that hydrologic conditions (low
temperatures and salinities) during late April and early May of 1973
restricted growth and dispersal, leading to reduced production. The
crucial period for brown shrimp growth occurred in Louisiana between
April 26 and May 20. It appeared that an average temperature of 200C
was minimum for normal growth of brown shrimp in the natural state (a
growth rate of 1 mm per day). As temperatures increase above 200C
during the spring, accelerated growth could be expected, especially when
combined with adequate salinity levels. Barrett and Gillespie (1975)
reported that, aft~r April, salinity is the dominant factor influencing
brown shrimp distribution. Cool April waters with low salinities in May
and June resulted in lower than average catches. While salinity varies
considerably over the spring, good years have higher seasonal means.

White (1975) reported that, in Louisiana in 1973, when floods
were prevalent in early spring, high discharge from the Calcasieu River
and nearby local drai nages caused juvenil e brown shrimp recruitment
to be low. Otherwise, where local -flooding was not present, there
was no significant reduction in juvenile abundance due to flooding
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of the Mississippi or Atchafalaya River. White concluded that it
was the sa 1i nity and temperature conditions that prevail ed foll owi ng
the recruitment of these post 1arva 1 that affected juvenil e growth and
production.

Barrett and Ralph (1976) found that in Louisiana years with low
spring rainfall and river runoff had good brown shrimp production. It
should be noted that coastal rainfall would be most closely related to
local discharge. The flows of the Mississippi and Atchafalaya Rivers
are not significantly influenced by rainfall along the coc:..:t. They
conclude that good brown shrimp catches occurred when salinities were
above average due to low spring rainfall and river discharge, and water
temperatures in the spring were mild. Higher than average salinities
in Louisiana estuaries were related to increased production of both
white and brown shrimp. However, as seen during the drought of the
early 1950's, excessively high salinities can lead to reduced white
shrimp production, probably due to the occurrence of the estuarine
phases of the white shrimp life cycle during periods of highest ambient
sa 1i nities (mi d-summer). In forecasti ng shrimp harvest based on the
historic record and environmental data collected from early in the
season, Barrett and Ralph (1976) stated that, if river discharge and
rainfall remained relatively low throughout the summer, white shrimp
production should also be well above the average for the year. They
found, based on the response of catch to environmental factors during
previous years, that conditions in 1976 indicated a good brown shrimp
harvest. These conditions were mild water temperatures and low river
discharge. The brown shrimp catch in Louisiana offshore waters did
indeed show a sharp increase in 1976 compared with the previ ous three
years with a total catch of approximately 20 million pounds, which was
the highest annual catch for the period 1963 - 1976 (Sass 1979).
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1.3.3.5 Salinity Relationships

Because a major environmental concern associated with brine
discharge is the brine (salt) itself, some general salinity background
for taxa characteri sti c of the nearshore Gulf of Mexico is presented
in this section.

Estuarine-related species (including white and brown shrimp) are
almost invariably euryhaline, able to survive and grow over a wide
range of salinities (Kinne 1971). Euryhaline species generally have
a greater tolerance to both lower salinity and higher salinity than
the members of the true marine fauna from which they were derived.
Most members of the hypersaline realm have, in turn, evolved from the
estuarine fauna (Day 1951, Hedgpeth 1957, Emery and Stevenson 1957).
Simmons (1957) presented a list of fishes taken in the Laguna Madre
(at hypersaline conditions of 60-75 ppt) and all ten were also found
on Gunter's (1956b) list of euryhaline fishes of the U.S. The estuarine
fauna has relatively few taxa compared to the marine fauna.

Pearse and Gunter (1957) stated that, in the early (larval)
stages, shrimp apparently require oceanic water, but the older larvae
and postlarvae must reach estuarine water to survive. Zein-Eldin
and Aldrich (1965) concluded, on the basis of their own work and
that of others (e.g., Williams 1960, McFarland and Lee 1963), that
brown shrimp postl arvae are better osmoregul ators than juvenil es or
adul ts. McFarl and and Lee (1963) found that white shrimp were better
adapted to low sal inities than brown shrimp, with the latter being
better adapted to high salinities. This may explain why the greatest
production of white shrimp has always been from the Louisiana coast,
while brown shrimp production has been historically greater in the more
saline Texas estuaries. Keiser and Aldrich (1976) concluded from their
laboratory studies that postlarvae of both brown and white shrimp sought
salinities lower than those generally found in the open Gulf of Mexico,
and that the postlarvae apparently oriented to bays using natural
salinity gradients. However, laboratory studies (Zein-Eldin 1963) have
shown that postlarval brown shrimp can both survive and grow over a
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salinity range of 2-40 ppt. Johnson and Fielding (1956) raised white
shrimp at salinities of 18.5-36.0 ppt. Zein-Eldin and Griffith (1969)
reported that extreme salinities tolerated by 80 percent of brown shrimp
postlarvae were greater than 40 ppt and less than 5 ppt. Similar ranges
for white shrimp postl arvae were 40-45 ppt and 4 ppt. However, Zein-
Eldin and Aldrich (1965) and Zein-Eldin and Griffith (1969) have shown
that low salinity in concert with low temperature is detrimental to both
white and brown postlarval shrimp, probably due to osmoregulation stress
(Williams 1960). This is consistent with the results of field studies,
as discussed in Section 1.3.3~4. In addition, white shrimp appeared
to be more tolerant of high temperatures while brown shrimp were more
tolerant of low temperatures. This is in agreement with the seasonality
of the occurrence of brown and white shrimp postlarvae.

In their laboratory studies, Keiser and Aldrich (1976) found a
marked seasonal difference in sal i nity preferences exhibited by brown
shrimp postlarvae, most probably related to the interactive effects of
sal inity and temperature. During early spring, brown shrimp postl arval
distributions showed a median occurrence at a sal inity of 30 ppt,
9 ppt greater than that found for brown shrimp tested in summer.
No significant difference was seen in sal inity preference of white
shrimp postlarvae tested in summer and fall, except at low salinities.
In the summer, brown and white shrimp postlarvae did not exhibit
markedly different preference for sal inity, suggesting that there is
1ess difference in sal inity preference between the t'h'O species at the
postl arval stage than has been suggested for subsequent stages in the
1 ife cycle. Keiser and Aldrich (1976) found sal inity ranges preferred
by 90 percent of the brown shrimp tested of 15.0-34.2, 16.8-37.3 and
16.2-37.7 ppt for the summer, fall and spring respectively.' Similar
val ues for white shrimp for the summer and fall were 13.4-32.3 and
5.8-35.5 ppt respectively. Keiser and Aldrich (1976) reported that
there was no evidence to suggest that brown shrimp postlarvae are
adapted to specific salinities, and they concluded that temperature
is apparently more important than sal inity to postl arvae growth and
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survival. These results therefore indicate that penaeid postlarvae are
euryha 1inee

Bioassay results using Bryan Mound brine (NOAA 1978) indicated
that white shrimp eggs showed simil ar hatching success from 31-36 ppt
brine with a dramatic decrease beyond 38 ppt(to zero hatchabil ity).
Postl arval stages tested showed some effects over 96 hour periods of
exposure when concentrations exceeded 36 ppt, but for most time periods
tested, 40 ppt seemed to be the general area where the first deleterious
effects were seen. Similar results were seen regardless of temperature
(280_330C). Naupl ii appeared to be 'more resi stant than postl arvae to
increased salinities. Howe (1981), who perfonned bioassays on adult
white and brown shrimp, concluded that large animals of either species
should not be deleteriously affected by salinity increases at the
levels expected in the SPR program. In experiments involving salinity
preference, adult shrimp showed no negative reactions to salinities that
were less than 20 ppt above ambient.

Field studi es, mai nly estuarine, have generally corroborated the
euryhaline nature of all stages of the life cycle of the penaeid shrimp.
Gunter and Shell (1958) reported that white shrimp entered waters with
salinities as low as 0.4 ppt, while the lower limit for brown shrimp was
0.8 ppt. Investigations by Truesdale (1970), Conte (1971) and Caillouet
et al. (1971) suggested that sal inity itself did not influence spatial
distribution of postlarval white and brown shrimp in the estuaries.
Truesdal e (1970) concl uded that postl arval di stributi on and abundance
in a portion of Trinity Bay was effected by salinity only during periods
of high river discharge. When sal inity decreased to a ppt over much
of t~e area, postlarvae disappeared. Conte (1971) found no relationship
between salinity and the distribution of postlarval brown shrimp in two
shallow marsh embayments near West Bay of the Galveston Bay System.

Haese (1960),
discounted the role
field investigations
present in both hypo-

Zein-Eldin (1963) and Parker (1970) have all
of salinity in shrimp distribution. Extensive
have shown both brown and white shrimp to be

and hypersaline waters (Simmons 1957, Joyce 1965).
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Considering all stage of- the shrimp life cycle, brown shrimp have been
collected in salinity extremes of 0.1 ppt (Williams and Deubler 1968)
to 69.0 ppt (Simmons 1957) and white shrimp have been coll ected in
extremes of 0.2 ppt (Gunter and Hall 1963) to 48.0 ppt (Lindner and
Cook 1970). Li ndner and Anderson (1956) who found that si ze of young
shrimp correlated more with locality than with salinity, concluded that
salinity over broad ranges was not important to survival, although it
appeared to be an important stimulus to migration. Haese (1960) found
juvenil e white shrimp on an outer (high sal inity) beach at the same
time that populations of the same size class were in the adjacent low
sal inity estuary. He concl uded that juvenil e white and brown shrimp
could populate areas of relatively high salinity if other environmental
factors were ideal. Parker (1970) found that salinities in spring
(0.9-36.5 ppt) apparently did not influence the distribution of juvenile
brown shrimp in Galveston Bay. McFarland and Lee (1963) found that
juvenile brown shrimp could osmoregulate over a wide range of salinities
but there was some indication that the optimum range was 23-43 ppt.
Finally, after reviewing ten years of data from the TPWOstudies of
commercial shrimp production and environmental variables in coastal bays
of Texas and offshore commercial catch, Moffett (1970) concluded that

" ••• the relationship between salinity and abundance is
vague because other ecological factors vary with sal inity.
Apparently, salinities between 1 and 2, and, at least 30 ppt
do not affect abundance."

1.3.3.6 Density Dependent Factors

Kutkuhn (1966b) stated that waters inshore of 20 fathom depths
along the Gulf coast from central Louisiana to central Texas have
historically received some of the heaviest fishing pressure in the
world. Because of this intensive effort, densities of shrimp may be
kept below maximum. This is especially true for white shrimp which are
heavily exploited in the estuaries before they immigrate to the offshore
grounds (Chin 1960). Christmas et ale (1966) pointed out that most
shrimp that are caught have never spawned.

37



The penaeid fishery and also the Uindustrial" finfish industry
(Chittenden and McEachran 1976) are based mainly on single year classes,
and substantial year-to-year fluctuations in populations are to be
expected because of the short 1ife span of the commercially important
species. Fluctuations in the annual yield of shrimp are partly the
result of variations in spawning success and in survival of young in the
inshore nursery grounds, the 1atter generally subject to more extreme
variations in environmental conditions than the offshore habitat of the
adult shrimp.

According to Gaidry and White (1973), most workers in the field
would agree that the tremendous reproductive capacity of penaeid shrimp
renders 1ittle chance that the species are in danger of recruitment
overfishing. A limited number of spawners appear to be able to produce
a maximum population if environmental conditions are optimum (St. Amant
et al. 1965). A spawning female white shrimp may release up to
1 million eggs (Burkenroad 1934, Anderson et al. 1949). Gallaway and
Reitsema (1981) found that one female white shrimp captured in their
spawning site survey released over one-half million eggs. As mentioned
previously, continuous spawning and multiple spa\'1ningsby individual
shrimp help insure an adequate supply of eggs. Jones and Dragovich
(1977), in discussing the U.S. shrimp fishery off the northeast coast
of South America where four species (bro••.m, white, pink (f.. duoarum)
and pink-spotted (t. brasiliensis) shrimp} are harvested, stated that

"•••there is no evidence that the abundance of shrimp
recruits is dependent on the abundance of the parent stockin the fishery. II

Berry and Baxter (1969) concluded that, of the many factors influencing
the size of brown shrimp populations in the open Gulf, only those that
affect broad areas of the Gulf have a major effect on abundance. Gunter
(1956a) and Kutkuhn (1963) have emphasized that the greatest concerns
to future shrimp production are the 1ong-range effects of man-induced
environmental changes in the estuaries.
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According to GMFMC(1980),

" ••• Al though annual catches appear some~vhat cycl ical, they
are caused by environmental conditions. A poor year can
be followed by an exceptionally good year for any of
these (brown, \'Ihite, and pink shrimp) species. Catch for
a given year appears to be independent of the preceding
year's catch, and no-spawner-recruit rel ati onshi p suggests
itself ••• "

The clear indication is that recruitment is independent of the density
of the spawning stock. Quoting again from the Fi shery Management Pl an
for the Shrimp Fishery of the Gulf of Mexico (GMFMC,1980),

" ••• The biological characteristics which affect sustainable
yields for penaeid shrimp are unusual. They are
an annual crop. Very few individual s 1ive a year
and the majority harvested are less than six months
old. There is no demonstrable stock-recruitment relation
and recruitment overfishing given present technology, is
essentially impossible. That is, it is not economically
or technically feasible to take so many shrimp that there
are too few survivors to provide an adequate supply for the
foll owing year. Because of these characteri sti cs, fi shi ng
mortality and yield in one year do not affect yield in the
following year. The maximum yield in number for a given
year is essentially all the shrimp available to harvest,
using current technology."

When environmental conditions are conducive, shrimp production can
rebound after a bad year or series of bad years. Gunter (1962) reported
that the end of the long drought in the mid-1950' s resulted in a
331 percent increase in white shrimp production (from 1957 to 1958).
Gunter, Christmas and Killebrew (1964), in recounting this dramatic
increase in white shrimp catch in 1958 as the long Texas drought was
broken, went so for as to say that

" ••• The commercial catch of white shrimp is limited by
rainfall in Texas, much as the cotton crop is ••• "
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1.3.4 Historical Trends

In the historical record there has been a notable change in
trends for shrimp catch for the two major species, brown and white
shrimp. Prior to the develor;ment of the otter trawl in 1917, shrimp
were commercially harvested with haul seines (GMFMC 1980). This
restricted the fishing to the nearshore region, resulting primarily in
the exploitation of white shrimp. Until the late 1940's most trawling
was done from relatively small vessels rigged with single trawls,
fishing within approximately six miles of the coast. During the 1950's,
increased market demand and the discovery of new brown and pink shrimp
grounds further offshore resulted in a rapid expansion of the industry.
Lindner and Anderson (1956) stated that white shrimp made up 95 percent
of the total catch off the Louisiana coast prior to WW II. A large
decline in white shrimp harvest occurred after 1952, coincident with an
increase in brown shrimp production. Viosca (1958) noted that reduction
of the number of white shrimp was coincident with increasing salinities
during the summer of 1952 to the spring of 1957, a prolonged period
of drought. The question of extended droughts and their relation to
the annual productivity of commercial shrimp was discussed in the works
of Hildebrand and Gunter (1953), Gunter and Hildebrand (1954), Parker
(1955), and Viosca (1958). Because young white shrimp displayed a
greater propensity for less saline water than do other species, it was
assumed that higher estuarine salinities accompanying the drought caused
environmental stress and reduced habitat carrying capacity, resulting
in a lower annual production of white shrimp.

Through the 1960's the Gulf coast shrimp fishery evolved into
the most valuable fishery in the U.S., with dockside values in 1977
exceeding $355 million (GMFMC 1980). User groups of the shrimp resource
are diverse and include recreational, bait, and food industries.
According to the GMFMC (1980), the shrimp resources are not overfished
and entry into the fishery is unlimited. In 1980, the Gulf of Mexico
Fishery Management Council, Tampa, Florida, developed the Environmental
Impact Statement and Fishery Management Plan for the Shrimp Fishery
of the Gulf of Mexico, United States Waters (GMFMC 1980). This plan
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reviewed the history of the shrimp industry and recommended a management
strategy which would alter the directed shrimping efforts in the Gulf
of Mexico.

1.3.5 Texas Department of Water Resources Studies

A series of related studies has recently been concluded by the
Texas Department of Water Resources (TDWR 1979a). These studies
resul ted from Senate Bi11 137, enacted by the 64th Texas Legi sl ature
in 1975. This bill was

1I ••• a mandate for comprehensive studies of 'the effects of
freshwater i nfl ow upon the bays .and estuari es of Texas. I

Reports pub1i shed as a part of the effort were to address
the relationship of freshwater inflow to the health of
1 iving estuarine resources (e.g., fish, shrimp, etc.) and
to present methods of providing and maintaining a suitable
ecological environment ••• 11 (TDWR1979a).

Much of the data base util ized in these studies resulted from
a program initiated in 1968 by the Texas Water Developnent Board and
carr; ed on by its successor agency, the Texas Department of Water
Resources (TDWR). TDWR(1979a) summarized the results of a number of
these studies for individual Texas bays and estuaries. According to
TDWR(1979a)

1I ••• The objective of these technical analyses. was
to describe and quantify the freshwater inflow/
sal inity/biol ogical rel ati onshi ps of the estuarine envi ron-
ments and to estimate the annual and seasonal freshwater
inflows associated with the production of finfish and
shellfish at observed historic levels. Program studies
drawing from all available sources of information considered
the effects of freshwater inflows on nutrient supplies,
habitat maintenance, and production of fishery resources
(including economic aspects) ••• 11

The main thrust of the effort was to rel ate vol urnes of freshwater
inflow to estuarine production (TDWR1979a). This involved quantifying
the response of shrimp productivity (inshore and offshore in area 18)
to water inflow (in thousands of acre-feet) in the particular estuary
system utilizing a stepwise multiple regression procedure in BMDP(Dixon
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and Brown 1977). Seasonal inflows, in thousands of acre-feet (lagged
and unlagged), for the winter (January-March), spring (April-June),
summer (July-August), autumn (September-October) and 1ate fall (November
to December) periods were used in the analyses. Lags of one year
ora runni ng average of the three previ ous years were also used for
some independent variables. Annual offshore effort in area 18 (measured
in terms of number of trips) was also used in the regression analyses
for offshore catch, which were conducted only for the Trinity-San
Jacinto estuary. Natural log transformati ons of both the dependent
and independent variables were utilized to improve the fit of the
relationship of landings to freshwater inflow where appropriate.

Data for inshore and offshore 1andings of penaeid shrimp (in
pounds, heads off) were derived from Texas landings and not Gulf Coast
Shrimp Data (TDWR1979a). As such, they do not necessarily represent
the catch in Texas waters, since catches from other areas (e.g., Mexico)
might be 1anded in Texas, and Texas catch may be 1anded in other
states. This represents a major distinction between the TOWRstudies
and our studies under Work Unit 2, which used reported catches (GCSO)
rather than landings. Since reporting procedures were not standardized
until the early 1960's, data for the period 1962 to 1976 were used
in the analyses for inshore landings, and for the period 1959 to 1976
for offshore landings (TDWR1979a). The time period, which is very
similar to that used in Work Unit 2 of the Shrimp and Redfish Studies,
included both wet and dry years, and was probably adequate to identify
posi ti ve and negati ve responses to seasonal i nfl ow. The resul ts for
three estuary systems, the Trinity-San Jacinto estuary (TDWR1979b),
the Lavaca-Tres Palacios estuary (TDWR1980a) and the Guadalupe estuary
(TDWR1980b) are discussed below.

For the Trin ity-San Jaci nto estuary, multi pl e regressi on analyses
were conducted relating both inshore and offshore (statistical area 18)
landings of white shrimp and brown plus pink shrimp to freshwater inflow
to the estuary system (TDWR1979b). Rel ationshi ps for white shrimp
1andings were not significant. For combined brown and pink shrimp
inshore landings (brown shrimp were not analyzed separately in the TOWR
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studies), the best regression equation (log - log model) explained 64
percent of the variance, with negative contributions for January-March
and July-August inflow and positive contributions for September-October
inflow and also for (one-year) lagged November-Oecember inflow.

The multiple regression models for offshore landings included
effort as an independent variabl e (TDWR1979b). As such, significant
relationships were developed for landings for white shrimp and for
brown plus pink shrimp. For white shrimp catch (5, 20 fathoms) 61
percent of the variance was explained by the multiple regression
model (untransfonned data), with effort and spring, summer and
fall (September-October) inflows contributi ng si gnifi cantly. All
contributi ons were positive except for summer i nfl ow. For 1 andings
of brown pl us pink shrimp, 80 percent of the vari ance was expl ained
by the best multiple regression equation, with significant negative
contributions from winter, spring, and fall inflow, and positive
contributions from summer inflow and offshore effort. The responses
of brown plus pink shrimp landings to summer and autumn inflow were
opposite in the offshore and inshore analyses, a result that is
difficult to explain.

For white shrimp, the best regression relating inshore landings
to inflow for the Guadalupe River estuary (log-log model) accounted for
72 percent of the variance in the dependent variable, with inflows in
the January to March and September to October periods showing positive
relationships to landings (TDWR1980b). For brown plus pink shrimp,
the best regressi on equati on for inshore 1andings indicated a positi ve
response to inflows during the July to August and September to October
periods, with a total explained variance of 62 percent.

Results of TOWRregression analyses of inshore penaeid catches for
the Lavaca- Tres Pal acios estuary (TDWR1980a) showed that for white
shrimp, the best regression equation expl ained only 48 percent of the
vari ance in annual inshore 1andings, and suggested a positive response
to spring (April-June) inflow and a negative response to inflow during
the previous November to December period. For annual brown plus pink
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shrimp inshore landings, no statistically significant equations were
obtained from the analyses (TDWR1980a). Comparison of the annual
freshwater seasonal inflow needs and the associated predicted commercial
shrimp 1andings for the Lavaca- Tres Palacios estuary indicated that
nearly equal volumes of freshwater may result in significantly different
landings. This condition reflects the importance of the seasonality of
estuarine inflows to fisheries productivity. It generaly was observed
that inflows in the April through June period were most beneficial for
overall estuarine productivity (TDWR1980a).

1.3.6 Summary

These results discussed in Section 1.3 indicate that there
is a strong relationship between inshore and offshore catch of
penaeid shrimp. There appears to be a consensus that white and
brown shrimp respond somewhat differently to environmental variables
(especially freshwater discharge and salinity). The historical record
indicates a significant correlation between long-term environmental
change (salinity) and shrimp catch statistics. Short-term fluctuations
are also evident based on year to year variability in important
environmental variabl es~ Postl arva1 abundance near estuarine passes
does not appear to be a good indicator of subsequent commercial catch..
or abundance, since the factors inside the estuaries prObably determine
the success of the year class. However, other studies (e.g., menhaden)
indicate that long range transport in the ocean system is critical to
successful year classes (Nelson et ale 1977). The dominating factors
operating in the estuarine system appear to be the synergistic actions
of sal inity and temperature during critical growth periods of the
juvenile shrimp.

Both white and brown shrimp are dependent on estuaries at some
stage in their life cycle. These estuarine-dependent forms represent
the most euryha1 ine members of the demersal fauna of coastal Texas.
Euryhaline organisms are generally tolerant of both high and low
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sal inities. All 1iterature reviewed agreed that all stages of the
penaeid life cycle can tolerate relatively wide ranges of salinity.

For brown shrimp some larvae may be spawned in the fall but brown
Shrimp postlarvae do not enter the estuaries until the following spring.
Estuarine production of brown shrimp in one year contributes mainly to
the offshore catch during the same year. For white shrimp, individuals
spawned in the fall of one year can contribute significantly to the
offshore catch in the following year. This was clearly seen in the
resul ts of the analyses for Work Unit 3, Texas Coast Shrimp Catch and
Effort Data Analysis, of the Shrimp and Redfish Studies (Comiskey et al.
1981) •

The populations of penaeid shrimp and also those of many demersal
finfi shes of the northwest Gulf Coast are exploited to a very heavy
degree, perhaps receiving the heaviest pressure of any fishery in the
world (Kutkuhn 1966a). Catches of both species are dependent primarily
on the success.of a single (and first) year class.

The great fecundity of female shrimp allows successful recruitment
despite the high degree of expl oitati on by man. It al so all ows qui ck
recovery from a bad year. The amount of recruitment does not appear
to be dependent on the size of the parent stock (GMFMC1980).

The conclusion of most recent studies is that factors inside the
estuaries (especially temperature and sal inity) determine the success
or failure of the shrimp year class. Studies which have attempted to
utilize postlarval shrimp catch near the estuaries as an indicator of
subsequent production have generally proven to be inaccurate. On the
other hand, juvenile shrimp abundance in the estuaries has been closely
linked to subsequent offshore production.
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1.4 NATIONALMARINEFISHERIES SERVICEPROGRAM

Due to a concern for the potential effects of offshore brine
discharge and the possibility that a naturally poor shrimping year could
coincide with, but be unrelated to, the initiation of brine discharge,
it was important to develop mathematical tools which could utilize
historic trends to forecast, predict, or classify the catch for any
given year based on environmental variabl es. Such tool s are needed to
distinguish natural fluctuations from those that might be attributed to
brine discharge. Referring to the life cycle of penaeid shrimp and our
knowledge thereof, Kutkuhn (1966b) stated that as of the mid-1960's our
ability to define the functional role of the environment (and therefore
the spatial and temporal trends in shrimp catch) was poor. He felt
that delineation of the specific cause-effect relationships between
components of the estuarine environment and the vital ity of estuarine
shrimp resources awaited the develoJlT1ent of suitabl e mathemati cal and
experimental techniques. Later is the same paper, Kutkuhn (1 966b)
stated:

"The difficulty seems to lie not so much in our basic
approach to the problem at hand but in our inability to
develop the analytical tools to resolve it ••• Awaiting
the theoretician's skills, however, is the involvement
of autoregression, serial correlation, or other computer-
oriented techniques without which the fishery scientist
cannot synthesize quantitatively the multitude of concurrent
biological, physical, and chemical data he is so carefully
accumulating in many areas ••• Statistical comparison of
time-series ••• with corresponding series of environmental
factors, singly and in combination, represents one way in
which vitally needed information can be obtained ••••• "

Kutkuhn felt that the key to the proper understand i ng of the shrimp
fishery is a knowledge of the functional relationship between the shrimp
and the dimensions of its environment.

Caillouet and Baxter (1973) discussed the general thrust of the
NMFSShrimp Resource Research Program. As stated, ""The main objective
of this research is to develop a mathematical model capable of
explaining and predicting changes in shrimp catch. A systems analysis
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approach is being used to develop the model." Brown, white, and also
pink shrimp (t. duoarum) are the key species. The research stresses the
role of the shrimp life cycle and the physical-chemical parameters that
define the spatial and temporal patterns of these shrimp populations.

Much of the NMFS Shrimp Resource Research program has been
implemented through the SPR Environmental Assessment Program. The
different Work Units of the Shrimp and Redfish Stud'ies contribute
to the overall synthesis of infonnation concerning the ecology and
management of the penaeid shrimp resource in the Gulf of Mexico.
Important aspects of the shrimp life cycle are revealed in the current
NMFS program through mark-recapture studies (Johnson 1981a), catch and
effort interview sampling surveys (Johnson 1981b), and determination
of possible spawning grounds (Gallaway and Reitsema 1981). While the
thrust of the effort is offshore, the importance of the estuarine system
is recognized espeCially in Work Unit 2, Analysis of Data on Shrimping
Success, Shrimp Recruitment and Associated Environmental Variables for
the Texas Coast, which is the subject of this report.

In simplest fonn, the goals of the OOE/NMFS Project is to determine
predischarge (baseline) conditions and, by monitoring after discharge,
to assess post discharge changes and determine their significance. The
analyses conducted in Work Unit 2 utilized predischarge data to quantify
the responses of indicators of shrimping success to variations in shrimp
recruitment and environmental variables. In this way, confidence limits
could be placed on post discharge data in order to determine if the
relationship of shrimping success to environmental variables has changed
during the period of brine discharge. Work Unit 3 of the Shrimp and
Redfish Studies (Comiskey et al. 1981) utilized similar techniques to
provide a methodology by which historical shrimp catch and effort data
could be uti1ized to assess brine impacts. The applicability of this
technique i~ the context of Work Unit 3 is based on the assumption that
if brine is impacting shrimp populations, the impact is restricted to
the offshore area surrounding the 12.5 mile diffuser site. If brine
discharge is having a more indirect or subtle impact on the shrimp
fishery (e.g., influencing recruitment into the estuaries), the impact
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would not be expected to manifest itself only in reduced catch for the
offshore diffuser site, but would be expected to have a more widespread
impact. In this case the methodology utilized in Work Unit 3 (using
catch and effort data for adjacent areas) would not be applicable.

The methodology util ized in Work Unit 2 does not rely on catch
or effort data as independent variables. The methodology utilizes
recruit~ent and environmental variables as independent variables in
prediction shrimping success. Those models utilizing only environmental
variables as predictor variables do not depend on any shrimp variables
and, as such, can be utilized in all cases to assess change in shrimping
success. Those model s involving recruitment have somewhat the same
deficiency as the models used in Work Unit 3. That is, the use of
recruitment as an independent variable assumes that recruitment itself
is not impacted by brine discharge. If recruitment is impacted by brine
discharge, the model will not be applicable and could lead to fallacious
conclusions if misused.

1.5 OBJECTIVES

The objectives of this study are to: (1) study the temporal-
spatial variability in shrimping success for brown and white shrimp,
recruitment for brown and white shrimp and selected environmental
variables, to provide an information base upon which to gauge
fluctuations and trends in shrimping success following brine disposal,
and to estimate the contributions to the variance (in shrimping success)
of recruitment and selected environmental variables, (2) determine the
relationships among shrimping success in the vicinity of the brine
diffuser and surrounding area and recruitment and selected environmental
variables, and (3) develop a method to compare pre-disposal information
on shrimping success, recruibnent and environmental variables with post-
disposal information to provide a means of testing the null hypothesi s
that there are no changes in shrimping success attributable to brine
disposal.
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These objectives were accompl ished by analyzing data on shrimping
success, recruitment and selected environmental variables. Recruitment
variables include postlarval shrimp catch and bay shrimp catch.
Environmental variables include, tides, winds, Ekman transport, river
discharge, water temperature, sal inity, precipitation, and bay effort.
The goal was to determine the inter-relationships among these variables,
including the degree of dependence or degree of association, as a
means of hindcasting shrimping success, with a view toward forecasting
the effects of brine di sposal on shrimpi ng success. Each recruitment
variable, shrimping success variable, and environmental variable used
is documented, giving its data source, method of calculation and/or
transformation, its limitations, and the rationale and justification for
its use in the analyses.
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2.0 METHODOLOGIES

2.1 DATASOURCESANDDATAPROCESSING

The data utilized in this study included summaries of detailed
Gulf Coast Shrimp Data, published monthly and annual summaries of
these same data and ancill ary data for recruitment and envi ronmenta 1
variables from a variety of sources as discussed below. Gulf Coast
Shrimp Data are available from NMFS, Southeast Fisheries Center,
Technical and Information Management Services (TIMS) , Miami, Florida.
(Attn: Regional Data Base Administrator).

2.1.1 Gulf Coast Shrimp Data

The Bureau of Commercial Fisheries (BCF), U.S. Fish and Wildlife
Service established a grid reporting system along the Atlantic and Gulf
Coasts to standardi ze reported catches of penaeid shrimp (Fi gure 3).

NMFS/TIMS has adopted this system. The basic spatial reporting unit
or stratum of the Gulf Coast Shrimp Data grid (NOAA 1979) is the
statistical area x 5 fm depth zone (e.g., zone 1 = 0-5 fm, 2 = 6-10
fm, etc.). Four statistical areas (18 to 21) have been established
along the Texas Coast (Fi gure 3). The Bryan Mound bri ne di ffuser is
located within statistical area 19, at a depth of approximately 12
fm. Therefore, it is located within depth zone 3, the 11-15 fm depth
interval. Since the location of the brine diffuser is in the northeast
corner of statistical area 19, the dynamics of the penaeid populations
in the region of the brine diffuser are probably closely related to
those of statistical area 18, especially for white shrimp. Statistical
areas 18 and 19, and especially the 11-15 fm depths in area 19, are
areas that are potentially affected by brine discharge.

The Gulf Coast Shrimp Data have been collected and compiled as
catch and fishing effort data files by trip, date, area and depth of
capture, fishing craft identification, shrimp species and marketing size
category (number of shrimp, heads off/pound), and number of days fished,
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for catches landed by U.S. craft at U.S. ports along the Gulf of Mexico
for trips completed with U.S. waters.

"Days fi shedll repres~nts actual fi shi ng time expressed in number
of 24-hour days, a day of fishing being equivalent to 24 hours of
fishing time. No distinction is made between nighttime fishing vs.
daytime fishi,ng in these records. A single trip is reported for each
voyage. Unsuccessful trips (i.e., those in which fishing took place
without produci ng a catch) are not reported. For a craft which has
a portion of its catch transported to port by another vessel, the trip
is assi gned to the area and depth 1ast fi shed by the craft. For a
craft landing its entire catch, the trip is allocated to the areas and
depths fi shed. Monthly summari es of the detail ed Gul f Coast Shrimp
Data are not equivalent to those published in Shrimp Landings which
include quantities landed within a reporting period, regardless of when
trips were completed or where fishing took place. The monthly summaries
of the ,detailed GCSOfiles are not identical to the monthly summaries
published as BCF or NMFSFishery Circulars, since corrections have been
made to many of the records in the computer-compatible data files, while
errors in the published summaries may not have been corrected.

Gulf Coast Shrimp Data are composed of two distinct components.
The Shrimp Dealer Data, obtained from shrimp dealer records, include
port of landing, type and identification of fishing craft, month of
landing, number of trips, method of shrimp size grading (box grading,
machine grading), dealer number, total landings, species and size
composition of landings, and value (dollars) by species and marketing
size category. The Shrimp Trip Interview Data obtained from interviews
of fishermen upon completion of fishing trips, include name and registry
number of vessel, catch by speci es and si ze category, area and depth
fished, days fished (in 24-hour units), shrimp dealer number, port of
landing, date of landing, method of shrimp size grading (box grading,
machine gradient), and value of catch by species and size.

The Gulf Coast (detailed historical) Shrimp Data for 1960-1977 were
received from the NMFS, SEFC, TIMS on 17 magnetic tapes. The detailed
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data contained a separate record for each year, month, trip, area,
depth, species, and size. Therefore the total catch for any combination
of these factors was obtained by summing data on several records. The
detailed data were in separate files for each year. However, within
a file the records were not sorted except generally by month.

The first phase of the data processing was to separate the records
for brown and \'1hite shrimp for statistical areas 18, 19, 20, and 21
from those representing other areas of the Gulf of Mexico. Because some
errors had been previ ously reported in the data fil es, the tempora 1-
spatial categories to be used later in summarization (e.g., year, month,
area, etc.) were checked to determine that they were valid. If an
invalid character, code or value was detected on a record, the record
was not i ncl uded in the subsequent fi 1e of Texas catch. Errors due
to alphanumeric characters occurring in numeric fields also resulted in
records bei ng dropped from the Texas fi 1e. In all years the percentage
of erroneous records was low.

The second step in the data processing involved production of
a subset of the data cons i st i ng of i ntervi ew records only (I ntervi ew
File), which were used to prepare the interview catch and effort
summaries. The total historical data and interview data for the Texas
Coast were initially summarized by year, month, area, depth and species.
Variables included brown and white shrimp catch from the total data and
the i ntervi ew data, and non-di rected nomina1 effort from the i nterv; ew
data. These data were further summarized for various spatial strata
of interest in this study (area 13, area 19, area 19, 11-15 fm depthS)
on a monthly and annual basis. Dependent variables involving effort
(i.e., catCh/effort) utilized only interview data in their calculation.
These values could not be calculated for the total data because effort
(as days fished) was not reported for every stratum in the total
data and catch/effort would be undefi ned in some cases. In order to
utilize effort as an independent variable in the regressions where total
(interview plus non-interview) catch was a dependent variable, non-
directed nomina 1 effort (days fi shed) was expanded from the i ntervi ew
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data to the total data using the ratio of the total catch to the
interview catch.

2.1.2 Environmental and Shrimp Recruitment Variables

The locations of the stations where the various environmental and
shrimp recruitment variables utilized in these analyses were collected
are shown in Figure 4. Data from four river discharge stations were
used in the analyses. These included the Trinity River near Romayor,
Texas (United States Geological Service (USGS) Station No. 8066500), the
Guadalupe River near Victoria, Texas (USGS Station No. 8176500), the
j~ississippi River near Tarbert Landing, Mississippi, (U.S. Army Corps
of Engineers) and the Atchafalaya River near Simmesport, Louisiana (U.S.
Army Corps of Engineers). Water temperature data were also taken from
the USGS Trinity River Station. Tide data were obtained from National
Ocean Survey (NOS) Tide Station (No. 877-2440) near Freeport, Texas,
while precipita~ion and air temperature data were obtained from the NOAA
National Weather Service (NWS) Station at Freeport. Wind data were
taRen from the NOAA NWS Galveston Weather Station records, while Ekman
transport data were calculated by the NMFS Pacific Environmental Group
(PEG) for the location 270N - 960W. Density and water temperature data
which were utilized in this study were collected in Galveston Channel by
NOS (Tide Station No. 877-1450), while temperature, salinity and shrimp
recruitment data collected by the TPWD in various parts (tertiary,
secondary and primary bays) of Galveston and Matagorda Bays were also
utilized. The TPWD data were taken from TPWO annual reports. Finally,
the USFWS, BCF and NMFS conducted postlarval sampling at the Galveston
Bay entrance and supplemented these data with salinity and temperature
measurements. These raw data were provided by NMFS and were summarized
for use in this study.

For many variables (e.g., river discharge and precipitation) annual
and seasonal data were used. For most variables, data for a specific
month for the ten or eighteen year periods (1964-1973 and 1960-1977,
respectively) were used. For certain critical periods and variables
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(e.g., temperature and sal inity in the winter and spring) data for
specific two week periods were also used.

Tables 1 and 2 list the variables utilized in the brown and
white shrimp regressions, respectively. Tables 3 and 4 give detailed
locations limits and sources of all variables utilized in these
analyses. These tables also provide information on missing values for
these variables. In all cases, missing values were due to gaps in
the data record as recei ved from the source, and represented probl ems
in the various sampling programs in data acquisition. Note that the
variable reference number in these tables are not the same as the
variable numbers (the number that appears on the data products, such
as the regression outputs) in the data sets themselves. Tables 5 and
6 provide the information necessary to relate the variable numbers and
names in the regression output to the same variables described in Tables
1 through 4.

Because of the occurrence of missi ng observati ons for a number
of important envi ronmenta 1 or recruitment vari ab 1es, the corre 1at ions
presented in the correlation matrices in this report may not be
identical to those given in the regression tables for the same variable
pairs. The differences in these data products are due to the fact
that if an important variable was included in the regression analysis,
but had a missing value, the entire year (that is, the data for all
variables for that year) was deleted from the data set. This is further
discussed in the Section 2.3. The values in the correlation matrices,
each of which applies to a set of regression analyses, are based only
on bivariate relationships, and, as such, reflected the number of pairs
of non zero observations for that particular pair of variables. Because
of this, the entries in the correlation matrices occasionally included
more observations than those in the regression tables. In most cases,
the differences in the correlation coefficients in the two tables were
small.

The data sets utilized in the analyses which are presented in this
report have been sent to the NMFS, SEFC, TIMS for archiving. These
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data include all variables used in the regression analyses (as listed
in Tables 1 and 2 and described in Tables 3 and 4), as well as the
monthly catch summaries used in the time series analyses. All data sets
were written as files on magnetic tape, in a form compatible with the
computing system used by the NMFS, SEFC, TIMS. Accompanying each data
set was written documentation providing format and file descriptions.

All programs used in these analyses have been documented and fully
described and have been sent, as a separate deliverable, to NMFS,
TIMS. For Fortran programs, a 1i sti ng of each program with comments
was provided. Several of the analyses utilized commercial statistical
software. A listing of the control statements used in these analyses
and a brief discussion of their functions were delivered to TIMS as
documentation for these programs. Multiple regression and time series
analysis procedures were also documented.

2.2 TIME SERIES ANALYSIS

Univariate time series data analysis techniques were applied to
catch data in order to assess their usefulness in analyzing the impacts
of bri ne di scharge on shrimp catch. The dependent vari ab 1es were the
total (interview and non-interview) monthly brown and white shrimp catch
from 1960 to 1977 summarized from the detailed GCSD as discussed in
Section 2.1.1. Brown and white shrimp catches were analyzed separately,
with 216 observations (18 years x 12 months) for each species. The
time series techniques used were ARIMAmodeling and fourier analysis.
These techniques are considered separately below. All data products
associated with the time series analyses are presented in Section 6
(Tables) or Section 7 (Figures).

2.2.1 General ARIMAModeling

ARIMAmodel is a term that refers to a broad class of models based
upon autoregressive and/or moving average properties. These models
have been found useful in dealing with stationary and non-stationary
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time seri es data that mayor may not have systematic components at
fixed frequencies. Stationary times series data fluctuate about a
fixed mean, while fluctuations in non-stationary time} series data are
not around a fi xed mean. Time seri es data with system components at
fixed frequencies follow repetitive cycles, with each cyclic component
equivalent in terms of length and amplitude. A complete description
of the properties of the ARIMAmodels as applied to time series analysis
may be found in Box and Jenkins (1976.) and Jenkins (1979)" The
following is a brief summary of the basic ideas presented in these
references.

An autoregressive model for a single time series can be characterized
as:

where the Yt's are deviations from the mean of the series and t indicates
the time period, which is months. This indicates that, for an
autoregressive process, the current deviation, Yt, can be expressed as
a fi ni te 1i near combinat i on of the past devi at ions of Y plus a random
error term, E:t" Following Box and Jenkins (1976). if SnYt = Yt _ n
then Bn can be defined as a backshift operator of order n. A backshift
operator applied to any value in time period t means that the value
from the previous time period is substituted. If the operator is of
order n, where n > 1, then the value substituted for the current value
is n periods previous to the current value. For example, if Yt is the

ncurrent value of Y, then B Yt = Yt "- n

An autoregressive operator is a mathematical expression used to
translate past values of a variable to current values. For example,

(1 - alB - a2B2)Yt = £t

Yt - alYt - 1- azYt - 2 = et
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where the autoregressive operator is (1
autoregressive model can be written as follows:

The

Yt = aISYt + a2B2Yt + ... + apBP Yt + ct
This reduces to (l-a1B - a2B2 - ••• - apBP)'ft = 0t' If the

expressi on in parenthesi sin the previ ous sentence is defi ned as an
autoregressive operator of order p, the autoregressive model can be
further simplified as fQllows:

a(B)Yt = Et (1)

where

A inoving average process can be represented as

where the €~IS are random shocks. Random shocks are external, random
\,

events that occur and alter the pattern of the variable being evaluated.
In this case, the series YtiS expressed as a finite 1inear funct ion
of a series of random shocks, with the corresponding weights b. Again
using the backshift operator, the moving average model can be written as

where

Simplified, this expression becomes
Yt = b{B)et

b(B) = (1 - bIB - b2B2 - ... - bqBq)

(2)

Combining these processes into a single autoregressive-moving-
average (ARMA) model would result in the following
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Yt = al\ 1 + a2Yt - 2 + + a Y +p t - P
Et - blEt - 1 - b2E - - bqEt _ qt - 2

or a(B)Yt = b(B)et (3)

For this combined model there are p + q + 2 unknown parameters (the
unknown parameters are the mean, a's, b's, and variance of the error)
to be estimated. To provide a useful tool, a search procedure must be
employed to reduce the number of possible parameters. Box and Jenkins
(1976) have shown that the estimated autocorrel at ion functi ons provide
an efficient search procedure and therefore allow the ARMAto achieve
operational usefulness by reducing the number of parameters that have
to be considered. As an example, the final model may be an ARMAof
order 2 in both parameters, such as

where the AR order is defi ned by the number of 109S in Yt' and the
MAorder is defined by the number of time periods for which the random
shock will produce an impact on the dependent variable. Models of
larger order have rarely been found in practical application.

To allow for non-stationarity in the original data series, Yt,
Box and Jenk ins (1976) suggest differenci ng the data. Oifferenci ng
refers to subtracting a previous value of the dependent variable from
the current value. For example, if Yt = \1 - IJ, where IJ is the
mean of the series, a difference of order 1 is Yt - Yt _ 1 = (Yt

l
- IJ)

- (Yt
l

_ 1 - ll) = Ytl - Yt _ 1· In many cases, the differenced data
provides a stationary series for analysis. If this procedure is
followed, the resulting model is referred to as an ARIMA(autoregressive
integrated moving average) model. Integrated i ndi cates that a new
stationary time series ha·s been approximated by integrating a non-
stati onary time seri es. Other ways of removi ng trends or transformi ng
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the data are also available including various regression schemes such
as ordinary least squares.

Seasonal variation in the time series is dealt with in an
equivalent fashion as a non-seasonal model except that the lags are in
the tenns of the length of the season. For instance, a seasonal ARMA
of order 2 with a 12-month seasonal period can be written as,

t.... I I I

- 24 + C:t - '.J 1 t.t - 12 - 02 t::t - 24

Combi ning the seasonal, non-seasonal, and differenci ng into one
model allows the ARIMA to be useful in a wide variety of problems.

2.2.2 Fourier Analysis

Much of the following discussion has been adapted from Brigham (1974)
and Box and Jenkins (1976). A fourier series model of a finite number
of discrete observations made at equi-spaced time intervals can be
written as:

yet) = el +a
r
~ [eli cas (In fit) + ~i sin (2n fit)]
i=l

(4)

where y(t) = sampled observations where t = 1, ••• , N,
r = (N - 1)/2 if N is odd and N/2 if N is even,
N = number of sampled observations,
t = time period,
f = frequency, and
ai' ai = amplitude estimates at each frequency.

The unknowns of this model, a J r a.'s, and r a.'s, can be estimatedo 1 1by ordinary least squares with the following results when N is odd:
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Ci = yet)o (5)

(6)i = 1, ... , r
N

~ l yet) cos (2n fit)
t=1

N
~. = ij l yet) sin (2n fit) i = 1, ... , r (7)

1 t=1

Ci· =
1

When N is even, the estimates for Ci and ~ are 1 ~ (-I)t yet) and 0,
r r N t=1

respectively. The estimates of these coefficients are important because
they provide estimates of the periodogram or sample spectrum, depending
on the defi nition of the frequency. A periodogram for a data set of
time series observations is:

where

f. =
1 N

a. = least squares estimate of a. from equation (4), and
1 1

b. = least squares estimate of B. from equation (4).
1 1

The sample spectrum is equivalent, but the frequency varies continuously
from 0 < f. < 0.5.= 1 =

If the frequencies are defined as f. = i/N where l/N is the
1

fundamental frequency, then the periodogram is N/2 (ai2 + 6i2) for each
frequency i. On the other hand, if the frequenci es are not assumed
to be harmonics of the fundamental frequency l/N and are allowed to vary
continuously between a and 0.5, the sample spectrum can be written as
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2/N (af
2 + af2) where a i f i 0.5. It can be shown [see, for instance,

Box and Jenkins (1976), p. 44-45J that the sample spectrum defined above
is al so equal to the fouri er cosi ne transform of the estimate of the
autocovariance function of the data set, Y(t). In this report, the
ampl itude estimates are used to estimate the fourier spectrum (a.2 +

1a.2)1/2 at each f .•
1 1

The estimati ng equati ons of the a. and a. are di screte fouri er
1 1

cosine and sine transforms, respectively, of the original time series
Y(t). The discrete fourier transform can be shown to be a special
case of the continuous fourier transform (Brigham 1974). Si nce the
continuous fourier transform applies to a continuous process defined
within -~ < t < + ~, the discrete fourier transform can be considered an
estimate of the continuous form. By considering the result of reducing
the continuous transform to the discrete case, namely truncation of
the data record and samp1i ng, the researcher may better understand
the potential problems of aliasing and lag windows, both considered
below. The underlying assumption of the fourier transform is that the
process generating the data is continuous and infinite. In practical
applications of fourier analysis, such as the fourier series model, the
researcher must be cognizant of this assumption in order to assess its
impact on the estimates of the ails and ai's that result.

Truncati on of the data record refers to the fact that rarely,
if ever, does the researcher obtain samples over the ent ire 1ength
of the time series. As a practical matter, the number of data
elements subjected to analysis has to be finite. With a finite
data record, the researcher may run into problems with his estimates
of the various amplitudes (a. and e.). Truncation of the data

1 1
record at a multiple of the longest periodic component results in a
discrete fourier transform that is equivalent to the continuous fourier
transform except for a scaling constant. If truncation occurs at
something other than this multiple of the longest periodic component,
a discontinuity is created in the time record, resulting in additional
frequency components after the data series is fourier transformed. The
pract i ca 1 result is that the fouri er transform of a truncated data
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record may provide estimates of amplitudes at frequencies that are
not accurate representati ons of the actual behavi or of the generat i on
process. To overcome thi s problem, the concept of a 1ag window is
introduced. This basically smooths the data record by applying weights
to each of the ampl itudes. Unfortunately, unl ess the researcher has
~ priori expectations concerning the period components in the data, this
introduction of the lag window may only increase the complexity of the
analysis without increasing the understanding of the behavior of the
data. MaximumEntry Spectral Analysis does not have this problem since

nothing is assumed about the behavior of the data outside the available
time interval.

A second set of problems, known as aliasing, can arise because the
observat ions ava 11abl e to the researcher necessari ly refl ect a sampl e
of an underlying process that is assumed continuous. These samples are
obtained at at equidistant time intervals, .1t. The highest frequency
sinusoidal component that can be identified with a sampling interval
of .1t is 1/2t.t, which is called the Nyquist frequency. This limit
is based upon the samp1i ng theorem which states that if a frequency,
f , exists for which the four;er transform of the function Y(t) isc
equal to zero for all frequencies greater than f , then Y(t) can bec
uniquely determined from sampled values where .1t = 1/2f. Of course,c
this sampling theorem is explicitly or implicitly applied in almost
every case of application of the fourier transform, but the importance
of the Nyqui st frequency cannot be overlooked. If important harmoni c
components exist in the data at frequencies greater than f , the lowerc
frequency estimates of the amplitudes may be distorted. This is due to
the fact that the discrete fourier transform cannot distinguish between
the frequencies fi and [(l/.1t) - fiJ. Therefore, if .1t = 1 and fc
is then assumed to be 0.5, harmonic components at frequencies greater
than 0.5 will distort the amplitude estimates of frequencies at less
than 0.5.

In summary, the analyses in this report are based upon the fourier
series model of equation 4. The unknowns of this model, <i , r ~.'S

~ J 0 1
and r S. s, are estimated with equations 5-7, respectively. The

1
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discrete four;er transform is an approximation of the continuous fourier
transform, defined for continuous processes within -YO < t < + "'. In
certain instances, the utilization of the discrete approximation may
cause distortions in the amplitude estimates. These problems arise due
to truncation of the data record and sampling intervals that are too
large to reflect important periodic components.

In using the fourier series model to analyze a particular set of
data, two important questi ons ari see The fi rst deals with the number
of coefficients that are estimated. The second question involves the
lag window, or the determination of a set of weights that may be applied
to the data being transformed before the transformation occurs. Without
.! pri ori expectati ons of the peri odi c components in the data set, the
use of a 1ag window is dependent upon the judgement of the researcher
concerning the resolution of the power spectrum.

2.3 STEPWISEMULTIPLEREGRESSIONANALYSIS

A stepwise multiple regression procedure in SPSS (Statistical
Package for the Social Science, Nie et al. 1975) was utilized to develop
predictive equations for future use in testing the null hypothesis
that no changes occur in shrimpi ng success parameters attri butab 1e to
brine discharge. The stepwise procedure (Subprogram Regression) is
a forward inclusion procedure, with the order of inclusion determined
by the contribution of each independent variable toward explaining
residual variance in the dependent variable. The first independent
variable entered into the regression equation is the one that has
the strongest simple bivariate correlation coefficient (r) with the
dependent variable. At each step following the first, the variable
that explains the greatest amount of variance unexplained by variables
already in the equation (residual variance) enters the equation. As
mentioned above (Section 2.1.1) a number of important independent
variables had missing values during certain years. These are documented
in Table 3 and 4 for brown and white shrimp variables, respectively.
The listwise deletion option in SPSS (Nie et al. 1975) was used in the
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regression analyses. In listwise deletion, if a certain independent
variable (e.g., NOS temperature, Galveston Channel) is included in the
analysis and· it has a missing value (e.g., April 1966), that year
(including the entire suite of independent variables and the dependent
variable for that year) is eliminated from the analysis. Thus, if one
observation (e.g. 1966) were dropped fro"m the ten year data set, the
analysis would be conducted using only 9 observations (years) for each
independent variable and the dependent variable. The implications of
this listwise deletion process on the values for the simple bivariate
correlation coefficients (r) in the correlation and regression tables
presented in this report were discussed in Section 2.1.2.

In the application to this study, no hierarchy of variable entry

was imposed in the stepwise process. Few limitations on inclusion
of variables in the analyses were employed, and the default options
in SPSS (Nie et al 1975) were used. These default options included;
(1) n = 80, where n is the maximum number of independent vari ab 1es
that will be entered into the equation; (2) F = 0.01, where F is
the F ratio computed in a test of significance of the regression
coefficient for each variable as if it were the variable to enter
into the equation on the next step; (3) t = 0.001, where t is the
tolerance of the independent variable being considered for inclusion in
the equation, and is the proportion of the variance of that variable
not explained by the independent variables already in the regression
equation. ,As pointed out by Nie et ale (1975) these default options
place little restriction on a stepwise regression. The default options
were especially applicable during the first level or stage of the
regression analysis scheme, where, for each type of environmental
variable (e.g. river discharge), the inclusion of the maximum number
of variables in the equations was desired, and no attempt was made to
reduce the number of variables in those initial equations to include
only the best predictors. This was done because of the exploratory
nature of these preliminary regression analyses, wherein these equations
were used to select variables to be included in the analyses used to
develop the final predictive equations.·

67



Due to the very high correlations between some pairs of
independent variables (e.g., water and air temperature) and the possible
multicollinearity problems associated with this, only one variable of
each group of highly correlated predictors was used in each of these
equati ons, with the other hi ghly correl ated vari abl es bei ng excl uded
from the particular analysis. Decisions regarding omission of variables
were made after examination of correlation matrices, with deletion of
variables occurring in both the categorical and final regressions.

Four potenti al indicators of shrimpi ng success for each speci es
were considered for use in these analyses. These were (1) catch
(pounds, heads off); (2) catch/effort (pounds, heads off/day); (3)
catch/area (pounds, heads off/10000 hectares) and (4) catch/effort/area
(pounds, heads off/10000 hectares/day). Because the regressions for
catch and catch/area (and those for catch/effort and catch/effort/area)
would yield identical predictive" capabilities (because area does not
enter into any of the independent vari abl es and the effect of area on
each dependent variable is nothing more than scaling by a constant),
regressions were developed only for catch and catch/effort for brown and
for white shrimp.

Inspection of the historical records indicated that the available
data fell into either of two main groups. These were (1) those data
available for the entire (or almost the entire) eighteen year period
(1960-1977); and (2) those data available for only the ten year period,
1964-1973. Of course, any data available for the eighteen year period
were also available for the 1964-1973 period. Therefore, the 1964-1973
data set included a number of variables (some of which were important in
predicting shrimp catch) that were not available for the entire eighteen
year peri ode This ten year time peri od (1964-1973) seemed appropri ate
since it included years showing extremes in both catch and important
envi ronmental vari abl es for both speci es. Based on thi s eval uati on it
was deci ded that complete sets of ana lyses would be run for data from
each of" the two time periods. Therefore, this report includes stepwise
multiple regression analyses for the following combinations of dependent
variables and periods.
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(1) Annual brown shrimp total catch - 10 years - 1964-1973
(2) Annual brown shrimp total catch - 18 years - 1960-1977
(3) Annual brown shrimp interview catch/effort - 10 years - 1964-1973
(4) Annual brown shrimp interview catch/effort - 18 years - 1960-1977
(5) Annual white shrimp total catch - 10 years - 1964-1973
(6) Annual white shrimp total catch - 18 years - 1960-1977
(7) Annual white shrimp interview catch/effort - 10 years - 1964-1973
(8) Annual white shrimp interview catch/effort - 18 years - 1960-1977

For each type of dependent variable (e.g., brown shrimp catch),
analyses were conducted using three different statistical reporting
units. These were:

(1) statistical area 18
(2) statistical area 19
(3) statistical area 19, 11-15 fm depths

Because of the large number of variables potentially of interest
in developing the predictive equations, there were two stages in
the analytic process. First, similar environmental variables were
grouped into separate (categorical) data sets for initial or exploratory
correlation and regression analysis. The following groups of variables
were established:

0 Discharge
0 Precipitation
0 Salinity and density
0 Temperature
0 Wi nds, 'tides, and Ekman transport
0 Recruitment, bay shrimp catch and bay effort

For each dependent variab1e, separate
developed using each of these groups of
particular biweekly, monthly, seasonal and
lagged variables) which were utilized in
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regressions were determined by the historial information presented
in Section 1.2. In this report, the initial regression equations
are summarized in tabular form and all independent variables which
entered into these equations (based on the default criteria of SPSS)
are presented in these regression tables. This yielded a total of
one hundred and thirty eight initial regressions. Only the sets of
regressi ons rel ati ng white shrimp catch and catch/effort to sal i nity
variables for the eighteen (1960-1977) year data set were not run,
due to the lack of quantitative salinity or density data covering this
entire time period.

Based on the results of these initial (categorical) regression
analyses, the variables that provided the best fit for each regression
analysis were identified. The "best fit" variables identified in
the initial regression analyses for each dependent variable were then
pooled to form a IIbest fitll suite of variables for each dependent
variable. For each dependent variable, a "best fitll multiple regression
analysis was then run, utilizing the suite of most important or best
fit variables as determined in the initial regression analyses. This
overall regression analysis for each dependent variable was first run
with all the best fit variables included in the data set. Then, after
the final best fit variables had been identified for each dependent
vari abl e (based on the increase in vari ance expl ai ned (AR2 or change
in the square of the multiple correlation coefficient) and the reduction
in error mean square), a fi nal regressi on analysi s was run usi ng only
these final best fit variables. The final predictive equations which
are presented in this report are the ones that should be utilized
in quantitative impact assessment for testing the null hypothesis that
no change is occurring in shrimping success attributable to brine
discharge.

A 11 ana lyses were conducted usi ng untransformed data (i ndependent
and dependent variables). Examination of the behavior of the residuals
with respect to time and with respect to the actual and predicted values
of the dependent variables over time (Draper and Smith 1966) did not
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reveal trends in the data indicative of a need for transformation of
the data.

The question of the importance of fishing effort in estimating
shrimp catch is thoroughly covered in Work Unit 3 of the Shri mp and
Redfish Studies (Comiskey et ale 1981), in which similar predictive
equati ons were developed based on vari ous catch and effort vari ab 1es.
In the Work Unit 2 study, the overall goal was the development of
relationships of shrimping success variables with environmental and
recruitment variables. In order to assess the relative importance of
effort to predicting catch, the following methodology was employed. The
best overall regressions for brown shrimp catch and white shrimp catch
were developed first utilizing the suites of best fit variables (as
determined from the initial regressions). A second regression was then
run utilizing the same suite of best fit variables, but also including
fishing effort. Results of both analyses (with and without effort)
are presented in this report. In the case of the regressions \'1ith
effort as a dependent variable, effort was forced into the equation even
if it was not important, to allow the reader to better understand the
relative importance of, and the need for, these effort variables toward
predicting shrimp catch.

The regression equations which were developed for catch variables
(as dependent variables) used total (interview plus non-interview) catch
data, while only the interview data were used to calculate catch/effort
dependent variables. Also, the fishing effort data used to calculate
catch/effort involved non-directed nominal interview effort. The
process of prorati ng effort (by catch of brown and of white shrimp at
the individual trip level) disallows development of equations relating
catch to directed effort because directed effort is not independent of
catch. This use of non-directed effort is consistent with the methods
employed in Work Unit 3 regression analyses (Comiskey et al. 1981). As
discussed above (Section 2.1.1), when effort was used as an independent
variable, it was calculated by expanding interview non-directed nominal
effort (days fished) to the total (interview plus non-interview) data,
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using the ratio of total catch to interview catch for the particular
spatial stratum.

In this report, all data products associated with the multiple
regression analyses are presented in either Section 6 (Tables) or
Section 7 (Figures).

Results of the multiple regression analyses are presented as
summary tables. In these tables, MULTIPLER is the multiple correlation
coefficient, which increases as each new variable is entered into
the equation. R SQUAREis the square of the multiple correlation
coefficient, R2, and is the proportion of the variance in Y explained
by the independent variables which have been entered into the equation.
RSQ CHANGEin these tables is the change in the square of the multiple
correlation coefficient (t.R2) at each step. Since this is equivalent
to the amount of residual variance explained at each step, it is a
measure of the value of the independent variable toward explaining
residual variance (i.e., the variance that has not been explained by
previously entered variables) in the dependent variable. SIMPLE R is
the simpl e bivari ate Pearson product moment correl ati on coeffi cient,
r. B is the unstandardized regression coefficient associated with
each variable entered into the model, while BETA is the standardized
regression coefficient for each variable. Correlation matrices and
summary statistics associated with each set of multiple regression
models are also presented in Section 6.

For each of the final, best fit regression models, plots of the
dependent variable and two most important independent variables are
presented in Section 7, as are plots of the actual, predicted and
residual values of the dependent variable based on the final stepwise
multi pl e regressi on model. Also presented in Secti on 7 are plots of
the three dependent variables (values in area 18, area 19, and area (19,
11-15 fm depths) for each penaeid species for the eighteen year period.
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2.4 CLUSTER ANALYSIS

Cluster ana lyses were conducted to determi ne if the environmenta 1
variables which were shown to be important in predicting shrimping catch
in the correlation and regression analyses could be used to classify
or group years of good and poor shrimp catch. Q-mode clustering
of years was performed using a hierarchical, agglomerative, unweighted
pair-group method, with Czekanowski's coefficient as a distance measure.
Program options were executed to standardize values of each variable to
a zero to one-hundred (0-100) scale. The scaling removed the effects
of the differences in the magnitudes of the original variables. Thus, a
variable with a small mean (e.g. salinity) will have an importance equal
to that of a variable (e.g. river discharge) with a much larger mean
and range. Six cluster analyses were run, as follows: (1) brown shrimp
variables, 1964-1973; (2) brown shrimp variables, 1960-1977; (3) white
shrimp variables, 1964-1973; (4) white shrimp variables, 1960-1977;
(5) brown shrimp plus white shrimp variables, 1964-1973; (6) brown
shrimp plus white shrimp variables, 1960-1977. Results are presented
as dendrograms showing classification results based on the particular
suite of important environmental and recruitment variables. The values
of total shrimp catch (brown, white or brown and white) are printed
on each dendrogram. It is important to recogni ze that these catch
variables were not used in the cluster analyses. They are presented
so the success of the cluster analyses in grouping years based on catch
can be assessed.
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3.0 RESULTSANDDISCUSSION

3.1 TIME SERIES ANALYSIS

3.1.1 ARIMAModeling

Summary statistics for monthly total brown and white shrimp are
summarized in Table 7, and are presented graphically in Figures 5 and
6, respectively. T~e high coefficients of variation and wide ranges for
the white and brown shrimp i ndi cate that the choi ce of an appropri ate
analysis for these data are difficult. Since large variations in
the numbers indicate that problems such as non-constant (heterogeneous)
variance may exist, and since several efforts to analyze the data on
the untransformed scale yielded inconsistent results, another metric for
analysis was sought through the use of the technique of transformation
of variables according to Box and Cox (1964). These authors suggest
a transformation of the following form,

x1\. - 1 for 1\.~ 0
1\.

XC1\.) =

l109 X for 1\.=0

where XC1\.) is the transformed observat i on and A is the transformat ion
parameter. Ut i1 i zi ng the change-of-vari abl e theorem from mathemati cal
statistics, Box and Cox (1964) showed that, for a general class of
specifications with XC1\.) as the dependent variable, the appropriate
value of A can be found by maximum likelihood techniques. This
approach was util i zed on white shrimp total catch, where the val ue of
A was estimated to be 0.1. Since this value is close to A = 0, the
log transformation (base 10) was applied independently to both brown
shrimp catch and white shrimp catch data. Table 8 summarizes the vital
stati sti cs for the transformed catch data. As can be seen from the
information in Tables 7 and 8, transformation resulted in a data set
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more amenable to analysis. Further discussion deals with each species
separately.

3.1.1.1 Brown Shrimp

An exami nati on of the plot of shrimp catch versus calendar time in
months indicates that a strong seasonal pattern exi sted with peaks
about every twelve months occurring in late summer or early fall.
The autocorrelations for the transformed data, presented in Table 9,
verified this strong seasonal pattern and also indicated a seasonal non-
stationarity in the data exhibited by the fact that the autocorrelations
at lags which are multiples of twelve did not decline in value.
Differencing at lag 12 resulted in a stationary series with both
seasonal and non-seasonal characteristics. The final model identified
for the brown shrimp was of the following form.

(1)

where Zt = log (Yt), Yt = brown shrimp catch in month t, and 0:;: is a
random disturbance with a normal distribution and zero mean. The model
is non-seasonal autoregressive order 1, and seasonal autoregressive
order 2, with a seasonal difference. The terms all and a2 I are the
seasonal autocorrelation coefficients, and the term a1 is the non-
seasonal autocorrelation coefficient. Multiplying out the terms in
equation (1) and using the definition of the backshift operator (p. 59),
equation (1) can be written in terms of the ZIS and E ~s follows:

(Zt - Zt - 12) = alZt - 1 - a;Lt - 12 - (al + ala~)Zt - ~3 - lai -
') (' I I Ia2 Zt - 24 - ala2 - >lal)Zt - 25 - azzt - 36 + ala~z: - 37 + ct (2)

The parameter estimates for equation (1) are provided in Table 10.
The residuals (difference between the actual and forecasted value) frrnn
the model were examined to determine if any patterns emerged which would
indicate that all the available information had not been included in
the model. Table 11 presents autocorrelations for the residuals through
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time 1ag 36. These autocorre 1at ions show that the res i dua 1 seri es
was basically random and most likely does not contain much additional
information concerning elements having an impact on shrimp catch.

These resul ts refl ect quant itat i ve ly the seasonal and non-
seasonal factors apparent from a plot of the data. The non-seasonal
autoregress i ve term of order 1 means that the current 1eve 1 of shrimp
catch is highly related to the value in the previous period (month) and.
ignoring seasonal factors. that trends have a tendency to continue once
established. The seasonal autoregressive terms of order 2 indicate that
the current catch is highly related to the catch in the same month 12
and 24 months in the past, but do not imply a cause-effect relationship
(as might be inferred if a spawner-recruit relationship were known to
exi st) • Rather, the resul ts substantiate the strong and repeatable
seasonal pattern in brown shrimp catch. In contrast to the trend-
rei nforci ng effect estimated for the non-seasonal autoregressi ve term,
the seas~nal autoregressive terms relate to the current shrimp catch in
a negative fashion, as shown by the coefficient estimates for ai and
a2. These offsetting effects from the seasonal and non-seasonal factors
provide stability in the forecasts of monthly brown shrimp catch.

Forecasts from the model and actual monthly brown shrimp catch
values for observations 205 (January 1977) through 216 (De~ember 1977)
are listed in Table 12. These forecasts were obtained by re-estimating
the model with observations 1-204 (January 1960 to December 1976). Of
the 12 forecasts. the correct di recti on in the month-to-month change
in brown shrimp catch was predi cted by the model ei ght times. In
several cases, the absolute magnitude in the observed and forecasted
monthly values for brown shrimp catch differed substantially. This
result is due to the fact that peaks or troughs in brown shrimp catch
in the last year of the sample were substantially above or below
the monthly values that would have been expected from an evaluation
of the previous 17 years of shrimp catch data. Table 13 provides
forecasts of shrimp catch from observation 217 (January 1978) through
observation 228 (December 1978). To obtain these forecasts. the model
was estimated with observations 1-216 (January 1960 to December 1977).
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These forecasts indicated that brown shrimp catch would reach a trough
in month 220 (April 1978) and a peak in month 223 (July 1978).

3.1.1.2 White Shrimp

Examination of a plot of monthly white shrimp catch versus calendar
time in months indicated a strong seasonal pattern, with 12-month
and 6-month peaks. The autocorrelations for the transformed data
are provided in Table 14. These autocorrelations indicated that, as
\'las the situation for brown shrimp catch, the time series for white
shrimp catch exhibited non-stationary behavior for the seasonal effects.
Differencing at lag 12 (current (monthly) value minus value 12-months
previous) led to the identification and estimation of the following
model,

(3)

where Zt = log (Yt) and Yt = white shrimp catch in month t. The model
is a non-seasonal autoregressive order 2, seasonal moving average of
order 1, with a seasonal difference. The terms aI' and a2 are the non-
seasonal autocorrelation coefficients, and the term b11

, is the seasonal
moving average coefficient. Multiplying out the terms in equation (1)
results in

(Zt - Zt - 12) = alzt - 1 + azzt - 2 -
, Ialzt - 13 - a2Zt - 14 + at - 01 at - 12 (4)

The parameter estimates for equation (3) are provided in Table 15,
while Table 16 lists the autocorrelation estimates from the residuals
of the fitted model. Although the autocorrelations did not indicate
the presence of any systematic trends that have not been included in
the model, the degree of explained variation (R2) is below that obtained
for brown shrimp catch. A secondary seasonal trend consisting of a 6-
month cycle has not been included due to the lack of the available logic
in the algorithm used to solve equations (1) and (3). Although the
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trends in the residuals did not indicate that this problem was serious,
it has not been thoroughly investigated.

The systematic elements identified in the time series for monthly
white shrimp catch indicate that once a trend had started there was a
tendency for the trend to continue. The seasonal factor indicated that
white shrimp monthly catch in period t - 12 was related to the catch
in period t in a positive manner, supporting the 12 month cycle as the
basic recurring trend in the data.

Table 17 provides both the observed and forecasted monthly values
of white shrimp catch for observations 205 to 216 (January 1977 to
December 1977). The forecasts were obtained by estimating the model
with observations 1-204 (January 1960 to December 1976). Except for
month 215 (November), white shrimp catch in 1977 was considerably below
what would have been expected based on the variation of the previous 17
years. Forecasts for observations 217 to 228 (January 1978 to December
1978) are listed in Table 18, along with the 90 percent and 50 percent
confidence limits. These forecasts were obtained by estimating the
model with observations 1-216 (January 1960 to December 1977). Due to
the low percent of explained variation available from the model, the
confidence limits are relatively wide. These forecasts suggest that,
based on past catch history, white shrimp catch would peak in month 227
(November 1977).

3.1.2 Fourier Analysis

The estimated power spectra for both the brown and white shrimp
data are provided in Table 19. The corresponding periods can be
found by computing the reCiprocal of the frequency. In both cases,
the power spectra are estimated to be relatively flat, indicating
that the periodicity in both sets of data is weak. 5ince the power
spectrum estimates provide a measure of the relative contribution of
each frequency component to the overall variance in the data, equivalent
relative contributions for a large number of frequencies indicates that
the frequenci es of the cycles in the time series are probably not
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fixed. For instance; over the 18 years catch history available for
brown shrimp, the peaks in the catch data are twelve months apart only
ni ne times. Simil arly for the white shrimp catch hi story, the primary
peaks are twelve months apart only six times.

In Table 19, asterisks identify those frequencies, determined by
toe fourier analysis, that account for relatively large portions of the
variance in the catch variables. As noted above, no frequency or small
set of frequenci es dominated the vari ance. The numbers in parenthesi s
indicate the corresponding periods. The strongest repetitive cycle in
both sets of data is the twelve month cycle, but it was not identified
by the fourier analysis for either the brown or white shrimp catches.
The problem is that the cycle in the time series is not consistently
twelve periods long, causing difficulty when trying to estimate the
power spectrum, which is based on consistent cycles. The results showed
that the seasonal component was errati c, and was obvi ously i nfl uenced
by many factors.

3.2 REGRESSIONANALYSIS

3.2.1 Initial Categorical Regressions for Brown Shrimp
Catch and Catch/Effort

3.2.1.1 Characterization of the Dependent Variables

The patterns of annual brown shrimp total catch and interview
catch/effort for area 18, area 19 and area 19, 11 to 15 fm depths, for
the period 1960-1977 are shown in Figures 7a and 7b, respectively. In
general, the trends for brown shrimp catch in the three spatial strata
are similar, with notable exceptions (Figure 7a). Catch in all three
spatial strata was highest in 1967, with catch in area 18 approaching
that in area 19. Other years of hi gh brown shrimp catch in a11 three
spatial strata included 1960 and 1971. During all years except 1974,
brown shrimp catch in area 19 exceeded that in area 18. Compared to
1973, catch in area 19 in 1974 decreased, but increased sharply in area
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18. Catch in area 19, 11 to 15 fm depths, in 1974 was the lowest for
the eighteen year period for that spatial stratum. Major differences

in the trends for area 19 and area 19, 11 to 15 fm depths occurred in
1970, 1976 and 1977. During all three years, brown shrimp catch in area
19 was higher than during the previous year, while just the opposite
was true for catch in area 19, 11 to 15 fm depths.

For brown shrimp catch/effort (Figure 7b), annual trends for the
three spatial strata (area 18, area 19, and area 19, 11 to 15 fm
depths) for the period 1960 to 1977 were very similar, with highest
catch/effort in all three spatial strata occurring in 1967, the year of
maximum catch (Figure 7a). The trends for catch/effort for each spatial
stratum were generally simi 1ar to the trends for catch for the same
stratum. Major differences in the trends for catch and catch/effort
in area 19, 11 to 15 fm depths, occurred in 1970 and 1974. In both
years, catch was considerably lower as compared to the previous year,
whi 1e just the opposite was true for catch/effort. At 1east for
1974, these differences may be explainable in terms of other factors
(e.g., economics) that substantially reduced effort and, therefore,
catch (Johnson 1975). Catch/effort was higher in area 19, 11 to 15 fm
depths, as compared to area 19, in all years except 1961. Catch/effort
was substantially higher in area 19, as compared to area 18 only during
1968, 1972, and 1975. During all other years, catch/effort for the two
areas was similar or was greater in area 18. Catch/effort in area 18
substantially exceeded that in area 19 in 1961, 1965, 1967, 1969, 1974
and 1977.

3.2.1.2 Brown Shrimp Regressions for the Period 1964-1973

Summary stati stics for the ten year data (1964-1973) used to
develop the regressions relating brown shrimp catch and catch/effort
variables to environmental variables and indices, of recruitment are
shown in Table 20. Data for some variables have been scaled up or down
by powers of ten or have otherwise been modified by transformation. All
such scalings or transformations are documented in Table 3.
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Table 21 is the correlation matrix of simple bivariate Pearson
product-moment correlation coefficientst rt between all possible pairs
of variables in the ten year data set used to relate brown shrimp catch
and catch/effort to river discharge variables. Tables 22 to 27 show
the results of the stepwise multiple regression analyses relating brown
shrimp catch and catch/effort variables to river discharge variables for
the ten year data set. In these tablest MULTIPLE R is the multiple
correlation coefficientt which increases as each new variable is entered
into the equation. R SQUARE is the square of the multiple correlation
coefficientt R2t and is the proportion of the variance in Y explained
by the independent variables which have been entered into the equation.
RSQ CHANGE in these tables is the change in the square of the multiple
correlation coefficient (~R2) at each step. Since this is equivalent to
the amount of residual variance explained at each stept it is a measure
of the value of the independent variable toward explaining residual
variance (i.e't the variance that has not been explained by previously
entered variables) in the dependent variable. SIMPLE R is the simple
bivariate Pearson product moment correlation coefficientt rt and B is
the regression coefficient associated with each variable entered into
the model.

The model for brown shrimp catch for area 18 (Table 22) accounts
for the most variance with the fewest number of variablet with 90.5
percent of the variance explained with three variables. Trinity
River discharge during the January-r1arch period was most highly (and
negatively) correlated with brown shrimp catch (r = -0.71) demonstrating
the negative effect of lowered salinity in Galveston Bay in the winter
and early spring on brown shrimp success. The second variable entered
into the modelt July-September Guadalupe River discharget was the only
variable in the model that was positively related to catch.

For area 19 and area 19t 11-15 fm depths (Tables 23 and 24)t four
variables explained almost 90 percent of the variance in brown shrimp
catch. Annual Mississippi River discharge was the variable most highly
(and negatively) correlated with catch in area 19 (r = - 0.63) while
the July-September Guadal upe River di scharge was the second variab1e
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entered (r = 0.17). For area 19, 11-15 fm depths, the order of entry
of these two variables was reversed, with July-September Guadalupe
River discharge having a simple correlation coefficient of r = 0.54
with catch, and annual Mississippi River discharge having a simple
correlation of r = 0.25 with catch.

It is interesting that summer Guadalupe River discharge, which was,
in all cases, positively correlated with brown shrimp catch, was an
important independent variable in all brown shrimp catch models. The
ecological basis for this relationship is not evident. A positive
relationship of brown shrimp catch to summer discharge from the
Guadalupe River had been noted previously (TDWR1979b). The negative
correlations with Atchafalaya and Mississippi River discharges are
expected and probably represent the influence of low estuarine and near
coast salinity in the winter and spring periods.

Brown shrimp catch/effort trends were al so expl ai ned well by the
model s based on the ten year data, and, again, catch/effort for area
18 (Table 25) provided the best fit with the fewest number of variables,
with 93.5 percent of the variance in catch/effort explained by four
vari abl es. Of these, 1agged annual Atchafal aya Ri ver di scharge, with
a simple correlation coefficient of r = -0.68 with catch/effort, was
entered first. The second variable entered was lagged Trinity River
discharge (r = 0.11). The greater importance of lagged variables to
catch/effort and their relative unimportance toward explaining the
variability in catch is not readily apparent.

For catch/effort of brown shrimp in area 19 and area 19, 11-15 fm
depths (Tables 26 and 27), lagged variables were much less important.
As in the regression equations for brown shrimp catch, the first two
variables entered into both equations were the same but the order
of entry was reversed. For area 19, January-March Mississippi River
discharge (r = -0.72) was entered first, but the correlation for the
March Trinity River discharge (r = -0.71) was almost as strong. Both
of these relationships suggest the effects of low salinity during
the estuari ne phase of the shrimp 1ife cycl e on shrimp; ng success.
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For area 19, 11-15 fm depths, the correlations of catch/effort with
these same two river discharge variables \'iere also negative (r = -0.66
for the March Tri nity Ri ver di scharge and r = -0.60 for the January-
March Mississippi River discharge). Again, virtually all river
discharge variables (except July-September Guadalupe River discharge)
were negatively correlated with catch and catch/effort variables. This
strongly suggests that brown shrimp are more successful in years of low
river discharge in winter and spring.

Table 28 is the correlation matrix showing the simple bivariate
Pearson product-moment correlation coefficients between all possible
pairs of variables in the ten year (1964-1973) data set used to relate
brown shrimp catch and catch/effort variables to salinity variables.
Tables 29 to 34 show the results of the regression analyses relating
brown shrimp catch and catch/effort variables to salinity variables for
the ten year data set.

While most river discharge variables that entered the catch and
catch/effort equations were negatively related to catch (see Table 22 to
27), virtually. all salinity variables that entered into the regressions
were positively related to catch, emphasizing the negative relationship
of estuarine salinity to river discharge. The best fit for the stepwise
regression models relating brown shrimp catch to salinity variables
was achieved for area 18, where four variables explained greater than
99 percent of the vari ance in catch. For area 18 (Table 29), the
April TPWOGalveston Bay mean salinity was highly correlated with catch
(r = 0.86), explaining 75 percent of the variance in the dependent
variable. The second through the fourth variables entered in the
equation were minimum salinities for two week periods during the
mid-wi nter to early spri ng peri od for Ga1veston Bay. These minimum
salinities were based on data collected during the BCF-NMFSpostlarval
shrimp sampling in Galveston Entrance.

For area 19 (Table 30), the fi rst four vari ab1es, whi ch together
accounted for 90 percent of the variance in brown shrimp catch, were all
two-week minimum sal i niti es from the BCF-NMFSpostl arva 1 shrimp survey,

84



with the salinities for the second half of March being most highly
f

correlated with catch (r = 0.77). A similar situation was seen for
area 19, 11-15 fm depths (Table 31), with the March minimum salinity
(montnly minimum from the NOS samples) having the highest correlation
with catch (r = 0.60). The next three variables entered were two-week
minimum salinities from the postlarval shrimp survey.

The results unquestionably demonstrate that estuarine salinity
during the late winter and spring period is very important in
determi ni n9 the success of brown shrimp which enter the estuari es as
postlarvae during the February-April period.

For brown shrimp catch/effort, the results (Tables 32 and 34)
were almost as good as were those for catch (Tables 29 to 31).
Four independent variables explained 89 percent of the variance in
catch/effort in area 18, and for area 19 and area 19, 11-15 fm depths,
92 percent and 95 percent, respectively, of the variances were explained
by four variables. In all three cases, April TPWDGalveston Bay mean
salinity was very highly correlated with catch, with the correlations
for area 18, area 19 and area 19, 11-15 fm depths, being r = 0.84,
r = 0.89 and r = 0.90, respectively. This mean salinity variable
entered the equation for the area 18 first, but for area 19 and area
19, 11-15 fm depths, the minimum salinity for the second half of March
was most highly correlated with catch/effort (r = 0.91 and r = 0.92,
respectively) and entered the equations first. In all cases, the second
variable entered was TPWDMatagorda Bay salinity (either March or April
values). These results generally conform to those of previous studies
(Barrett and Gillespie 1975), emphasizing that salinity during the late
February through April period is critical to the success of brown shrimp
postlarvae and juveniles.

Table 35 is the correlation matrix showing the simple bivariate
Pearson product-moment correlation coefficients between all possible
pairs of variables in the ten year data (1964-1973) set used to
relate brown shrimp catch and catch/effort variables to precipitation
variables. Tables 36 to 41 show the results of the stepwise multiple
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regression analyses relating brown shrimp catch and catch/effort
variables to precipitation variables for the ten year data set.

As might be expected, precipitation variables were not as good
predictors of brown shrimp catch or catch/effort as were river discharge
variables and salinities of the bays and near coastal zones, since
precipitation is only effective in influencing shrimp catch when
it alters salinity. Duration, intensity and temporal occurrence of
precipitation are important factors along with amount of precipitation
in influencing the relationship of precipitation to discharge. For
areas 18 and 19 (Tables 36 and 37), respectiy,ely, 62 percent and 82
percent of the variance in brown shrimp catch were explained by
the first four variables entered into the equation. For area 19,
11-15 fm depths (Table 38), the first four variables entered into
the equation explained less than 30 percent of the variance in brown
shrimp catch. For area 18, annual precipitation at Freeport was the
variable first entered into the equation, giving a correlation of
r = -0.63 with catch. For area 19 and area 19, 11-15 fm depths, lagged
annual preci pitati on at Freeport was positi vely correl ated with catch
(correlation coefficients of r = 0.36 with both independent variables)
and was the first variable entered into these equations. Annual
precipitation at Freeport was negatively related to all three catch
variables. The negative correlation of precipitation variables with
brown shrimp catch was expected, but the positive relationship of lagged
annual precipitation at Freeport to brown shrimp catch was not expected.
However, the amount of variance in catch that remained unexplained by
the suite of precipitation (independent) variables was rather high.

For brown shrimp catch/effort, the vari abl es first entered into
each of the equations (Tables 39 to 41) were either April precipitation
at Freeport (area 19 and area 19, 11-15 fm depths) or April-June
precipitation at Freeport (area 18), and in all cases, the simple r was
negative, ranging from -0.56 in area 18 to -0.64 in area 19. In no
case did the first four variables which entered the equations explain
greater than 80 percent of the variance in catch/effort. The negative
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relationship between springtime precipitation and brown shrimp success
is clearly depicted by these results.

Table 42 is the correlation matrix showing the simple bivariate
Pearson product-moment correlation coefficients between all possible
pairs of variables in the ten year (1964-1973) data set used to relate
brown shrimp catch and catch/effort variables to temperature variables.
Tables 43 to 48 show the results of the stepwise regression analyses
rel ati ng brown shrimp catch and catch/effort vari abl es to temperature
variables for the ten year data set.

In all cases, greater than 90 percent of the variance in brown
shrimp catch was explained by four or fewer temperature variables, and
in the case of area 19, 11-15 fm depths, greater than 97 percent of the
variance was explained by two variables (March and April TPWDMatagorda
Bay mean temperature). Virtually all of the temperature variables
entered in these equations were positively related to catch, indicating
that hi gh temperatures in the spri ng (when most brown shrimp were in
the estuaries) were conducive to growth and survival of the postlarvae
and juveniles. This is reflected in higher commercial catch for those
years when temperatures were high in the spring. For area 18 the
first variable entered was the April TPWDmean temperature for Galveston
Bay, while for area 19, April TPWD mean temperature for Matagorda
Bay \'ias the first variable entered into the regression equation. The
correlation coefficients for these two variables with catch variables
for areas 18 and 19 were almost identical (r = 0.85). Even though
the fi rst vari abl e that entered the equati ons for areas 18 and 19 was
more highly correlated with the respective catch variables than was the
case for area 19, 11-15 fm depths, (where the correl ati on coeffi ci ent
was r = 0.76 for brown shrimp catch and March TPWDMatagorda Bay mean
temperature), the overall fit of the equation was better for catch in
area 19, 11-15 fm depths. The importance of low temperatures during
the early spring period is supported by these results. Catastrophic low
temperatures, especially in April, can apparently kill bay shrimp, while
generally low temperatures wi 11 decrease the growth rate of juvenil e
brown shrimp.
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For brown shrimp catch/effort, where greater than 97 percent
of the vari ance was exp 1a i ned by four temperature vari ab 1es in the
equations for each of the three spatial strata (Tables 46 to 48), April
NOS Ga1vest on Bay mean temperature and Apri 1 TPWOGa1veston Bay mean
temperature were the first variables to enter all regression equations,
with correlations ranging from r = 0.79 in area 19, 11-15 fm depths,
to r = 0.91 in area 18. The only major difference among the results
for the three spatial strata was the reversal in the order of entry
of variables into the equation for catch/effort in area 19,11-15 fm
depths, where TPWOGalveston Bay mean temperature entered fi rst. As
was the case with catch, virtually all temperature variables entered in
the equations were positively related to catch/effort.

Table 49 is the correlation matrix showing the simple bivariate
Pearson product-moment corre 1ati on coeffi ci ents between all possi b1e
pairs of variables in the ten year (1964 to 1973) data set used to
related brown shrimp catch and catch/effort variables to wind, tide and
Ekman transport variables. Tables 50 to 55 show the results of the
stepwi se multi pl e regression analyses rel ati ng brown shrimp catch and
catch/effort variables to wind, tide and Ekman transport variables for
the ten year data set.

The results of the stepwise regressions analyses for brown shrimp
catch with wind, tide and Ekman transport variables (Tables 50-52)
showed that in all cases, four variables explained greater than 93
percent of the vari ance in the parti cul ar dependent vari ab 1e. In all
cases, March zonal Ekman transport was the first variable entered into
the equations. For area 18 (Table 50), March zonal Ekman transport and
April Galveston Station fastest wind (with correlations with catch of
r = 0.92 and r = -0.63, respectively) were entered first and together
explained greater than 99 percent of the variance in catch. March
zonal Ekman transport was not as highly correlated with catches of brown
Shrimp in either area 19 or area 19, 11-15 fm depths, as it was with
catch in area 18 (r = 0.68, 0.66, and 0.92 respectively), even though
statistical area 19 is in closer geographical proximity to the location
of the Ekman transport station than is area 18. For area 19 (Table 51),
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March NOS Freeport highest tide, with a simple correlation of r = -0.62
\'/ith catch, was the second variable entered, while for area 19,11-15
fm depths (Table 52), the first three variables entered were all Ekman
transport variables.

The resul ts for brown shrimp catch/effort were generally simil ar
to those for catch. March zonal Ekman transport, with correlations
of r = 0.84 to r = 0.90 with catch/effort variables, was the first
variable entered into each of the equations. In area 18 (Table 53),
March and April zonal Ekman transport, with correlations of r = 0.90
and r = 0.89 with catch/effort, respectively, together explained 92
percent of the variance in catch/effort. Correlations of this magnitude
indicate that zonal Ekman transport is an extremely important variable
for predicting brown shrimp catch/effort in area 18. In the case
of both area 19 and area 19, 11-15 fm depths (Tables 54 and 55),
March NOS highest tide at Freeport was the second variable entered,
being negatively related to brown shrimp catch/effort in both cases
(r = -0.70 and r = -0.62 respectively). The greater relative importance
of zonal Ekman transport (east-west) as compared to meridional transport
(north-south) is interesting. During the 1964-1973 period, monthly net
meridional Ekman transport was almost always positive (to the north),
due to the predominance of winds from the east to south-southeast during
a 11 months at the 1atitude of the Ekman transport stati on. Due to
the greater frequency of wi nds from the east in the fall and winter,
zonal Ekman transport was relatively low during this time, and was
negative (to the west) during some years (Gunn 1978). The greater
relative importance of zonal Ekman transport indicates that the effects
of winds on the nearshore current regime may be more critical than
long range northern transport of the brown shrimp postlarvae. This is
not to say that meri di ona 1 Ekman transport was not important, as can
be seen by the relatively strong positive correlations of meridional
transport vari ab 1es from the wi nter and spri ng to brown shrimp catch
and catch/effort variables.

Except for Ekman transport variables, all variables entering
these equations were negatively related to brown shrimp catch and
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catch/effort. This behavior is, not difficult to explain for most
variables. The index for direction of the fastest wind, as expressed in
degrees from north (regardless of east-west direction), would be low for
winds from the north, while a high value for this variable (approaching
1800) would indicate winds from the south. Since strong winds from the
north might be expected to decrease the shoreward transport of larvae as
well as lower the water level in the estuaries (thereby decreasing the
area of the estuary with optimum salinities), indicators of shrimping
success might be expected to be negatively related to direction of the
fastest wind. In addition, strong winds from the north are usually
accompanied by the coldest temperatures of the winter, further stressing
the postlarvae and juveniles in the estuaries. Table 20 reveals that
the (la-year) means for the March and April fastest wind direction are
less than 60, indicating that fastest winds approach from approximately
the east north east or west north west. These winds should be
detrimental to brown shrimp productivity in the critical spring period.

The negative relationships for catch and catch/effort variables and
tides are not as easy to understand. Many researchers (e.g., Baxter
1963, Hughes 1969a and b, Berry and Baxter 1969) have felt that high
tides transport large numbers of postlarvae into the estuaries and also
high spring flood tides will expand the area of the estuary suitable
for brown shrimp production by moving higher salinity water into the
upper reaches of the estuary and flooding peripheral nurseries (Moffett
1972). The consistent negative relationship between shrimp success
variables and the highest tide variables in the spring is impressive
and perplexing. Tides in the northwest Gulf of Mexico are complex, and
result from the interaction of meteorological and astronomical factors.
The result of this study indicate that the relationship of tides to
brown shrimp catch and catch/effort variables is much more complex than
had previously been indicated.

Table 56 is the correlation matrix showing the simple bivariate
Pearson product-moment correlation coefficients between all possible
pairs of variables in the ten year (1964-1973) data set used to
relate brown shrimp catch and catch/effort variables to brown shrimp
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recruitment, bay catch and bay effort variables. Tabl·es 57 to 62 show
the results of the stepwise regression analyses relating brown shrimp
catch and catch/effort variables to these recruitment, bay catch and bay
effort variables for the ten year data set.

The stepwise regression models for catch (Tables 57 to 59) indicate
that recruitment, bay catch and bay effort variables explain most of the
vari~nce in each dependent variable, with the R2 values for area 18 and
area 19, 11-15 fm depths, being 94 and 97 percent, respectively, with
three independent variables. For area 19, the fit was not as good, with
four variables accounting for approximately 89 percent of the variance
in catch. For both area 18 and area 19 (Tables 57 and 58), May TPWD bay
catch/effort variables (secondary and primary bays respectively) were
most important, being posit ive1y correlated with offshore brown shrimp
catch. The second variable entered in both equations was postlarva1
catch/tow (February mean for area 18 and April mean for area 19). For
area 19, 11-15 fm depths (Table 59), TPWD bay catch/effort variables
were relatively unimportant. February postlarval catch/tow in Galveston
entrance (BCF and NMFS data), with a correlation of r = 0.83 with catch,
was entered into the equation first. Other variables of importance were
bay catch and bay effort variables taken from GCSD.

The results for catch/effort variables (Tables 59 to 61) show that
for all dependent variables, a minimum of 89 percent of the variance
was explained by the first three independent variables which entered
the equations (this minimum amount explained for catch/effort in area
19, 11 to 15 fm depths). For area 18, greater than 96 percent of the
variance in catch/effort was explained by two variables and almost 93
percent of the variance in catch/effort for area 19 was explained by
the first three variables entered. May TPWD Galveston Bay (primary bay)
catch/effort, with correlations of r = 0.92, r = 0.86 and r = 0.83 with
catch for area 18, 19 and 19, 11-15 fm depths, respectively, was the
first variable entered into the regression equations. For both areas 18
and 19, April postlarval catch/tow at Galveston Entrance was the second
variable entered, but the simple correlations between this variable and
the catch/effort variables were very low and not significant (a = 0.05).
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For area 19, 11-15 fm depths, April postlarval catch/tow was the third
variable entered, but again the simple correlation with catch/effort
was very low (r = 0.04). It was preceeded into the regression model
by annual GCSDbay catch/trip in area 18 which was highly and positively
correl ated with offshore brown shrimp catch/effort (r = 0.74). Bay
catch/trip in area 19 was an important variable in the equation for
area 19, while for area 18, this variable was preceeded by April TPWD
Galveston Bay (tertiary bay) catch/tow.

It is not surprising that the TPWD catch/effort variables for
the spring months, and especially for May, are highly and positively
correlated with offshore catch and catch/effort. That is precisely why
these indicators of recruitment were coll ected. Our resul ts confi nn
their efficacy. They have been used for a number of years by TPWDas
guides toward regulating the closing and opening of shrimping seasons
for the Texas brown shrimp fi,shery. These trawl samples are taken
during closed seasons on unfished grounds, and should be excellent
indices of bay abundance of juvenil e brown shrimp. Si nce the May
indices represent the success of the juvenile life stage through
the spring period (just prior to offshore migration) they serve as
integrators of the effects of early season postl arval recruitment and
environmental variables on shrimping success. Although the correlations
of postlarval catch/tow variables with (commercial) brown shrimp catch
and catch/effort variables were generally low, they were shown to
account for a significant portion of the residual variance for several
dependent variables.

3.2.1.3 Brown Shrimp Regressions for the Period 1960-1977

Summary statistics for the eighteen year (1960-1977) data used
to develop the stepwise regressions relating brown shrimp catch
and catch/effort vari ab1es to envi ronmenta 1 vari ab 1es and i ndices of
recruitment are shown in Table 63. All scal ings or transfonnations
of variables are documented in Table 3. Table 64 is the correlation
matrix showing the simple bivariate Pearson product-moment correlation

92



coefficients between all possible pairs of variables in the eighteen
year data set used to relate brown shrimp catch and catch/effort
variables to river discharge variables.

Tables 65 to 70 show the results of the stepwise regression
analyses relating brown shrimp catch and catch/effort variables to
river discharge variables for the eighteen year (1960-1977) data set.
Compared to the results for the ten year (1964-1973) data set (see
Tables 22 to 27), the results of the regressions for the eighteen year
data set showed poorer fit for all catch and catch/effort variables,
with four independent variables explaining a maximum of 83 percent of
the variance (for catch in area 18 and catch/effort in area 19). It
should be pointed out that the poorer fits for these regressions over
the eighteen year periad as compared to ·the ten year period are not
due to the lack of availability of certain important variables for the
eighteen year data set. The variables which were shown to be important
in the ten year regressions were available for both time periods.

For the most part, the variables which first entered the eighteen
year equations for brown shrimp catch were the same or were related to
those that were entered first into the catch regressions for the ten
year data (see Tables 22 to 27). One exception was catch in area 19,
11-15 fm depths, where lagged annual Guadalupe River discharge had the
strongest (and negative) correlation with catch (r = -0.41). It was,
however, only marginally stronger than the correlation between catch and
lagged annual ~ississippi River discharge (r = 0.40). As in the results
for the ten year data, negative correlations were seen for most river
discharge variables with brown shrimp catch and catch/effort during the
1960-1977 period. As was also seen for the ten year period, July-
September Guadalupe River discharge was an exception to this trend, with
positive correlations of r = 0.47 and r = 0.32 with catches in area 18
and area 19, 11-15 fm depths, respectively.

For catch/effort variables for the eighteen year period, the first
four variables entered into all equations were much the same (Tabies 68
to 70), and, as a group, were somewhat different from those entered
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into the regressi ons based on the ten year data (see Tables 25-27).
The second through fourth vari abl es entered (J uly-September Guadalupe
Ri ver di scharge, 1agged annual Guadal upe River di scharge and 1agged
annual Trinity River discharge) were the same for all three catch/effort
equations. For area 18 and area 19, annual Mississippi River discharge
was the first variable entered (r = -0.56 and r = -0.69, respectively)
while, for area 19, 11-15 fm depths, April-June Mississippi River
discharge (r = -0.57) was the first variable entered. Except for summer
Guadalupe River discharge, all variables entered in the final regression
equat ions were negat i ve ly correlated with catch/effort. The pos it i ve
relationships of summer Guadalupe River discharge with catch/effort
variables were also seen in the analyses for the ten year period, but
for this shorter time period summer Guadalupe River discharge was not
as important in predicting brown shrimp catch/effort.

Table 71 is the correlation matrix showing the simple bivariate
Pearson product-moment correlation coefficients between all possible
pairs of variables in the eighteen year (1960-1977) data set used
to relate brown shrimp catch and catch/effort variables to salinity
variables. Tables 72 to 77 show the results of the stepwise regression
analyses relating brown shrimp catch and catch/effort variables to
salinity variables for the eighteen year period. Salinity or density
data for the eighteen year period were very limited. The results showed
that March and April NOS Galveston Channel minimum densities were not
closely related to either catch or catch/effort variables. This does
not mean there i.s a lack of relationship between catch and bay salinity.
It probably means that the NOSdata set did not provide good indicators
of bay salinity. The station is very close to Galveston entrance and
not really representative of estuarine conditions. The TPWDdata, which
was available for only the ten year (1964-1973) period was far better
in this regard.

Table 78 is the correlation matrix showing the simple bivariate
Pearson product-moment correlation coefficients between all possible
pairs of variables in the eighteen year (1.960-1977) data set used to
relate brown shrimp catch and catch/effort variables to precipitation
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variables. Tables 79 to 84 show the results of the regression analyses
relating brown shrimp catch and catch/effort variables to precipitation
variables for the eighteen year period.

As was the case for the ten year data set, the amounts of variance
explained by these regression equations relating brown shrimp catch and
catch/effort to precipitation variables for the eighteen year period
were not as high as those for discharge for the same time period (see
Tables 65-70). Compared to the ten year regressions for precipitation
(see Tables 36 to 41), the eighteen year data yie1ded much poorer
results. Very little of the variance in catch or catch/effort was
explained by precipitation variables, with especially poor fits for
catch in area 19 and area 19, 11-15 fm depths. The amount of explained
variance was much greater for catch/effort than it was for catch,
especially in area 19 and area 19, 11-15 fm depths. As was the case for
discharge, the differences in the results for the ten and eighteen year
data sets cannot be explained in terms of kinds of variables available
for the two periods. The variables used in both sets of analyses were
virtually identical. What is more likely is other factors not included
in these analyses (e.g., economic constraints) became important during
the latter part of the period (Johnson 1975) and may also have been
operative earlier in the eighteen year period.

Table 85 is the correlation matrix showing the simple bivariate
Pearson product-moment correlation coefficients between all possible
pairs of variables in the eighteen year (1960-1977) data set used to
relate brown shrimp catch and catch/effort variables to temperature
variables. Tables 86 to 91 show the results of the regression analyses
relating brown shrimp catch and catch/effort variables to temperature
variables for the eighteen year data set.

The results of the regression analyses relating catch and
catch/effort variables to temperature variables for the eighteen year
period (1960-1977) were not as satisfying as those for the ten year
period (see Tables 43 to 48) and apparently suffered, at least partly,
from the unavailability of TPWO monthly temperature data for Galveston
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and Matagorda Bays, which was available for only the ten year period.
Total explained variance for each of these equations was low. The
regression model for catch in area 19 showed the best fit, with 80
percent of the variance explained by six variables. Of these, March
NOS Galveston Channel minimum temperature (r = -0.64) and April NOS
Galveston mean temperature (r = 0.51) were the most important. The
relatively strong negative relationship of March NOSminimum temperature
with most catch and catch/effort variables is difficult to explain.
These resul ts woul d i ndi cate that lower minimum temperatures in March
are correlated with hi gher brown shrimp catches. It shoul d be poi nted
out that due to the more widespread nature of temperature phenomena
(as compared to salinity), the NOS station was probably a reasonable
indicator of bay temperature.

As in the equations for the ten year period (see Tables 46 to
48), temperature in April (NOS Galveston Channel mean temperature) was
a very important independent variable for predicting catch/effort for
the eighteen year period, being the variable most highly correlated with
all three catch/effort variables (range of correlations of r = 0.72 to
r = 0.81). Only for area 18 did three variables explain as much as
70 percent of the variance in catch/effort.

Table 92 is the correlation matrix showing the simple bivariate
Pearson product-moment correlation coefficients between all possible
pairs of variables in the eighteen year (1960-1977) data set used
to relate brown shrimp catch and catch/effort variables to wind and
tide variables. Ekman transport variables were not available for the
enti re ei ghteen year peri ode Tab1es 93 to 98 show the results of
the regression analyses relating brown shrimp catch and catch/effort
variables to wind and tide variables for the eighteen year period.

At 1east partly due to the 1ack of Ekman transport data for the
eighteen year period, the amounts of variance in the dependent variables
(catch and catch/effort) which were explained by the regression models
were not as great as those for the ten year data set, where Ekman
transport variables were included in the analyses and were important in
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virtually all regression models (see Tables 50 to 55). Best fit for any
catch variable was for area 18, where four variables explained greater
than 81 percent of the variance in catch. For area 19, March NOS
Freeport highest tide was entered first in the eighteen year regression
model. This variable had a stronger correlation with catch in area 19
for the ten year data set as compared to that for the eighteen year
data set (r = -0.61 vs r = -0.52) but was entered second in the ten year
regression due to the importance and availability of Ekman transport
data for the ten year period. For all other catch and catch/effort
regression models, February, March or April fastest wind or fastest wind
direction variables were among the first variables to be entered.

The results of the regression analyses for catch/effort variab1es
for the eighteen year period (Tables 96 to 98), did not show appreciably
greater amounts of explained variance than did the equations for catch
(Tables 93-95). Except for area 18, where March Galveston fastest
wind was the first variable entered into the equations for both catch
and catch/effort (r = -0.63 and r = -0.47, respectively), the variables
which were most highly correlated with catch differed from those
which were most highly correlated with catch/effort. For catch/effort
regressions, wind variables (either the fastest wind or the direction
of the fastest wind) were the first two variables to be entered in
the regression equations and, in all cases, the correlations with
catch/effort were negative. Virtually all the bivariate correlations
between either catch or catch/effort variables and either wind or tide
variables were negative. These results were similar to those for the
the ten year data set, but in the latter case, Ekman transport variables
were included in the suite of independent variables and some of these
were highly and positively correlated with catch and catch/effort.

Table 99 is the correlation matrix showing the simple bivariate
Pearson product-moment correlation coefficients between all possible
pairs of variables in the eighteen year (1960-1977) data set used
to relate brown shrimp catch and catch/effort variables to bay catch
and bay effort variables. Tables 100 to 105 show the results of
the regression analyses relating brown shrimp catch and catch/effort
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variables to bay catch and bay effort variables for the eighteen year
data set. The results of these regression analyses showed that a
relatively small amount of the variance in the dependent variables
was explained by the suite of independent variables. In no case
did four variables explain as much as 60 percent of the variance in
catch, while the regressions for catch/effort were even poorer, with
the amount of explained variance being especially low in areas 18 and
19. These analyses for the eighteen year period included only inshore
catch and effort variables from GCSD and probably suffered from the
absence of data which were avail able for only the ten year period.
These data include TPWDprimary, secondary and tertiary bay catch/effort
data and BCF-NMFSGalveston Entrance postlarval catch/tow data. In the
ten year data set, vari abl es from these studies were consi stently the
most important ones in predi cti ng brown shrimp catch and brown shrimp
catch/effort (see Tables 57 to 62). In general, the results support the
hypothesis that brown shrimp catch was not closely related to bay catch
or bay effort as measured by the GCSDsystem. This is in agreement with
the lesser amount of exploitation 'of brown shrimp inside the estuaries,
as a result of TPWDlimitations on inshore shrimping.

3.2.2 Initial Categorical Regressions for White Shrimp
Catch and Catch/Effort

3.2.2.1 Characterization of the Dependent Variables

The patterns of annual white shrimp total catch and interview
catch/effort for area 18, area 19 and area 19, 11 to 15 fm depths,
are shown in Fi gures 8a and 8b for the peri ad 1960 to 1977. Whil e
substant i a 1 catches were made in both area 18 and area 19 duri ng most
years, the catch in area 19, 11 to 15 fm depths, was generally low,
reflecting the fact that the 11 to 15 fm depths in statistical area 19
are beyond the range of maximum white shrimp catch (Figure 8a). This
nearshore restriction of white shrimp catch was dramatically shown by
Comiskey et ale (1981) and Gallaway and Reitsema (1981). Highest annual
catches in area 19, 11 to 15 fm depths, were made in 1960 and 1961, the
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first two years of the study period. Comparing the trends for areas 18
and 19, there is general similarity, with major exceptions being noted
for 1961, 1971, and 1974. Highest catches were made in. 1973 and 1974
in area 18, and in the period 1968 to 1970 and in 1973 in area 19.
With the exception of 1963, 1964, and 1967, when annual catch of white
shrimp in area 18 was greater than that in area 19, catch in area 18
during the period 1960 to 1970 was less than that in area 19. With
the exception of 1973 and 1977, catch in area 18 was higher than that
in area 19 for the peri od 1971 to 1977. Therefore, over the ei ghteen
year period (1960-19:7) substantial differences were seen in the trends
for white shrimp catch in the two statistical areas.

Trends in annual white shrimp catch/effort (Figure 8b) were similar
in areas 18 and 19 during the 1960 to 1977 period, especially after
1965. Major differences were noted in 1961, 1965, and 1974. In 1961
catch/effort values in area 19 and area 19, 11 to 15 fm depths, were
high. In 1965 and 1974, catch/effort in area 19 increased over that
of the preceeding year, while, in area 18, catch/effort decreased as
compared to the previous year. The difference in 1974 was especially
dramat i c, and may be related to the effect of the economy on fi sh i ng
effort along parts of the Texas Coast during 1974 (Moffett and McEachron
1974). Catch/effort in area 19 substantially exceeded that in area 18
only in 1961 and 1974, with catch/effort being higher in area 18 in
most years when a substantial difference was seen. Highest catch/effort
values for both area 18 and area 19 occurred in 1973, while highest
catch/effort for area 19, 11 to 15 fm depths, occurred in 1961. 1961
was the only year that catch/effort in area 19, 11 to 15 fm depths,
was higher than that in either area 18 or area 19. A second, but less
dramatic peak in catch/effort in area 19, 11 to 15 fm depths, occurred
in 1973, when catch/effort was high for all three spatial strata. As
was the case for area 18, catch/effort in area 19, 11 to 15 fm depths,
in 1974 diverged from the trend in area 19 as a whole. In 1968,
catch/effort in area 19, 11 to 15 fm depths, was relatively low, while
that for areas 18 and 19 exhibited minor peaks. Some of the divergent
behavior of catch and catch/effort values in area 19, 11-15 fm depths,
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was undoubtedly due to the greater vari abil ity of the val ues for these
variables at these depths. This was, in turn, related to the offshore
occurrence of most white shrimp nearer to the coast.

3.2.2.2 White Shrimp Regressions for the Period 1964-1973

Summary statistics for the ten year data (1964-1973) used to
develop the regressions relating white shrimp catch and catch/effort
variables to environmental variables and indices of recruitment are
shown in Table 106. As was the case for data used in the brown shrimp
analyses, some variables have been scaled up or down by powers of ten
or have otherwise been modified. All such scalings or transformations
are documented in Table 4.

Table 107 is the correlation matrix showing the simple bivariate
Pearson product-moment correlation coefficients between all possible
pai rs of vari ab 1es in the ten year data set used to related whi te
shrimp catch and catch/effort variables to river discharg~ variables.
Tabl es 108 to 113 show the results of the regressi on analyses rel ati ng
white shrimp catch and catch/effort variables to river discharge
variables for the ten year data set.

For both areas 18 and 19 (Tables 108 and 109), the strong influence
of (one year) lagged river discharge variables was apparent, much
more so than for brown shrimp catch for the same time peri od (see
Tables 22 and 23). Lagged annual Atchafalaya River discharge was highly
correlated with catch in area 18 (r = 0.85) and was entered into the
regression equation first. The first three variables entered into
the model were lagged variables, and together explained 94.5 percent
of the variance in white shrimp catch. For area 19, lagged annual
Guadalupe River discharge (r = 0.77) was the first variable entered into
the equation. Of the first five variables entered (accounting for
99.4 percent of the vari ance in catch in area 19), three were 1agged
variables. Virtually all of ·the variables (except lagged October to
December Trinity River discharge) which entered the regression equations
were positively correlated with catch. No river discharge variable

100



was highly correlated with catch in area 19, 11 to 15 fm depths, and
lagged variables did not enter the equation until the third and fourth
steps. Two quarterly (July-September and January-March) Tri nity Ri ver
discharge variables entered the equation on the first and second steps,
respectively. Unlike the results for area 19, where winter (January-
March) Trinity River discharge was positively correlated with catch,
catch in area 19, 11-15 fm depths, was negatively correlated with the
two vari abl es (January-March Tri nity River di scharge and 1agged annual
Atchafalaya River discharge) that were important in the regression
equation for area 19, 11-15 fm depths (Table 110). These two variables
were entered into the regression equation on the second and third steps.

The results of the regression analyses for white shrimp
catch/effort variables with discharge variables (Tables 111-113) showed
about the same amount of explained variance as did the catch regressions
(Tables 108-110). Again the importance of lagged river discharge
variables was evident. For catch/effort in area 18, the first
variable entered (lagged annual Atchafalaya River discharge with a
correlation of r = 0.77 with catch/effort) was also the first variable
entered into the catch regression for area 18. Spring (April-June)
Mississippi River discharge was also highly (and positively) related
to catch/effort (r = 0.71). The first three variables to enter the
equation for catch/effort in area 19 (Table 112) were Mississippi River
variables (April-June discharge, lagged annual discharge and July-
September discharge). For both area 18 and area 19, four variables
explained greater than 90 percent of the variance in catch/effort, with
three Mississippi River discharge variables explaining 96 percent of
the variance in catch/effort for area 19. For catch/effort area in 19,
11-15 fm depths, April-June Mississippi River discharge, with a simple
correlation of r = 0.78, was the most important predictor variable.

The close relationship of white shrimp catch and catch/effort to
lagged river discharge variables, especially for area 18, emerges from
these resul ts as a dominant, recurri ng trend and is in agreement with
the results from numerous other studies (see Section 1.3). In a fishery
based on a single year class, lagged variables would not be expected
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to be very important, especially where a 1ag of more than one year
was employed. In fisheries involving populations with a more complex
age structure (e.g., the Gulf of Maine) highest correlations between
catch indicators and environmenta 1 variab1es has been found for 1ags
which approximate the age at which the particular species are taken
in commercial catch hauls (Sutcliffe et ale 1977). Lagged discharge-
values were not consistently related to indicators of brown shrimp
fishing success (see Tables 22 to 27) for the same ten year period. The
exception was brown shrimp catch/effort in area 18, where two 1agged
variables (lagged annual Atchafa1aya and Trinity River discharges)
entered the equation on the first two steps. However, for brown shrimp,
the first variables entering all catch/effort equations were negatively
correlated with the dependent variables, while the opposite trend was
seen for white shrimp catch/effort. The difference in the relationship
of lagged variables and catch or catch/effort for the two species may be
related to the fact that the success of white shrimp in one year appears
to influence the commercial catch in the next year, especially in years
when a late season postlarval wave contributes significantly to the
success of the year class in the next calendar year. This white shrimp
producti on, resulting from a 1ate summer or fall wave of postl arvae
would probably not reach commercial size until the following spring.
These individuals probably overwinter as juveniles or subadults, either
remaining in the estuaries (during mild winters) or migrating offshore
in the fall or winter (with droppi ng temperatures). They probably
return to the estuaries after the coldest temperatures have passed (mid
to 1ate winter) , and become avail ab1e to the offshore fishery several
months later.

Table 114 is the correlation matrix showing the simple bivariate
Pearson product-moment correlation coefficients between all pOSSible
pairs of variables in the ten year (1964-1973) data set used to
relate white shrimp catch and catch/effort vari ables to preci pitati on
variables. Tables 115 to 120 show the results of the regression
analyses relating white shrimp catch and catch/effort variables to
precipitation variables for the ten year data set.
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Of the three regression equations relating white shrimp catch
variables to precipitation variables (Tables 115 to 117), only the one
for area 19 showed an R2 greater than 80 percent with four independent
variables in the model. As was the case for river discharge (see
Tables 108 to 110), there is a distinct trend for lagged precipitation
variables to be important in explaining the variance in white shrimp
catch (Tables 115 to 117). Most variables entering the regression
equati ons were positively correl ated with catch. An excepti on was
lagged October to December Freeport precipitation, which was negatively
correlated with catch in area 18 (r = -0.30), but positively correlated
with catch in area 19, 11-15 fm depths (r = 0.36). For both area
18 and area 19, 11-15 fm depths, 1agged October to December Freeport
precipitation was the first variable to be entered in the regression
models. For area 19, lagged July-September Freeport precipitation which
was also negatively correlated with catch in area 19, was the second
variable to be entered in the regression model. In this equation,
April-June precipitation at Freeport was the first variable entered,
having a simple correlation of r = 0.77 with catch in area 19.

The results of the stepwise multiple regression analyses for
catch/effort in area 18 (Table 118) showed 81 percent of the variance
explained with four precipitation variables entered in the equation.
Of these, annual Freeport precipitation (r = 0.60) was· the first
variable entered in the equation, although the fourth variable (April-
June Freeport precipitation) was almost as highly correlated with
catch/effort (r = 0.59). For area 19 (Table 119), four variables
explained greater than 91 percent of the variance in catch/effort.
As was the case for area 18, Annual Freeport precipitation, with
a simple correlation of r = 0.74 with catch/effort in area 19, was
the first variable entered into the regression equation for this
dependent variable. As was also seen for area 18, April-June Freeport
precipitation was strongly (and positively) correlated with catch/effort
in area 19. For area 19, 11-15 fm depths, the July-September Freeport
precipitation was the first variable entered, but its correlation with
catch/effort (r = 0.56) was not particularly high. In no case was a
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lagged variable the first entered. In all cases, the first variable
entering the catch/effort regressions was positively related to the
dependent variable.

These results support the hypothesi s that preci pitati on is
positively correlated with white shrimping success. Lagged summer and
fall precipitation, as well as spring and summer precipitation, appear
to be particul arly important. Generally, the results for discharge
and precipitation were very similar, except that more variance was
expl ained with di scharge variables. A simil ar relative effecti veness
of discharge and precipitation variables was seen for brown shrimp catch
and catch/effort for the ten year data, (see Tables 36 to 41).

Table 121 is the correlation matrix showing the simple bivariate
Pearson product-moment correlation coefficients between all possible
pairs of variables in the ten year (1964-1973) data set used to relate
white shrimp catch and catch/effort variables to temperature variables.
Tables 122 to 127 show the results of the regression analyses relating
white shrimp catch and catch/effort variab1es to temperature vari ables
for the ten year data set.

As might be expected from the seasonal patterns in the white
shrimp life cycle (see Section 3.1), temperature variables \'1erenot
particularly effective in accounting for variance in white shrimp catch
or catch/effort variables (Tables 122 to 127). Of the six equations
for the various catch and catch/effort variables, no dependent variable
had as much as 60 percent of the variance explained by the first
three temperature vari ables entered into the equati ons. For area 18
and area 19, 11-15 fm depths, the response of white shrimp catch to
the nu~ber of summer days greater than 900F showed opposite trends
(positive for area 18 and negative for area 19, 11-15 fm depths).
For all catch/effort equations (Tables 125 to 127), January NOS minimum
temperature at Galveston Channel was the first variable entered and was,
in all cases, negatively related to catch/effort. This variable was
also negatively related to all white shrimp catch variables. There does
not appear to be a clear cut ecological explanation. as to why \'1hite
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shrimp catch and catch/effort should be highest during those years that
show the lowest January temperatures.

Table 128 is the correlation matrix showing the simple bivariate
Pearson product-moment correlation coefficients between all possible
pairs of variables in the ten year (1963-1973) data set used to
relate white shrimp catch and catch/effort variables to wind, tide
and Ekman transport variables. Tables 129 to 134 show the results of
the regression analyses relating white shrimp catch and catch/effort
variables to wind, tide and Ekman transport variables for the ten year
data set.

For catch variables with wind, tide and Ekman transport variables
(Tables 129 to 131), all three regression equations showed at least
94.5 percent of the variance explained by three or fewer independent
variables. For area 18, June fastest wind at Galveston was strongly
and negatively correlated with catch (r = -0.94). While an adequate
ecological explanation for this strong negative relationship between
strongest wind in June and catch in area 18 is lacking, it should be
noted that there was almost no relationship between the fastest wind and
the direction of the fastest wind (r = 0.02), which varied from north
to south during the ten year period. This indicates that white shrimp
catch in area 18 was negatively related to fastest wind at Galveston
regardless of the direction of the wind. Other variables that were
strongly correlated with catch in area 18 included April-June Freeport
mean high tide and August Freeport high tide (r = 0.62 and r = 0.52,
respectively). For area 19, two wind variables (August Galveston
fastest wind direction and April to June Galveston mean fastest wind)
explained greater than 95 percent of the variance in catch. However,
only the August fastest wind direction was strongly correlated with
catch (r = 0.84). The trend was for catch to increase with increasing
southerly direction of the fastest wind, (i .e., from the south). For
area 19, 11-15 fm depths, two wind variables (October and July fastest
wind at Galveston) were the first to enter the regression equation
(Table 131), with October fastest wind correlated positively with catch
(r = 0.88) and July fastest wind correlated negatively with catch
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(r = -0.55). Since the direction of the October fastest winds were
in the north quadrant, it appears that they coul d have been operating
by forcing higher salinity water from the estuary. The July fastest
wind direction varied from 450 to 1800 from north, and there was only
a weak negative correlation (r = -0.17) between direction and speed.
The different relationship of this variable and catch in area 19, 11-15
fm depths, as compared to that between catch and October fastest wi nd
(mainly from the north) is also difficult to expl ain. If catch or
(catch/effort) increases as the indicator of fastest wind direction
decreases, then annual catch or (catch/effort) increases as the winds
blow more from the north, possibly indicating the importance of strong
northerly winds in the fall in preventing intrusion of salt water from
the ocean at times of low seasonal discharge. Although July Ekman zonal
transport was relatively unimportant in the regression equation, it was
positively and strongly correlated with catch in area 19.11-15 fm depths
(r = 0.56).

For catch/effort variables, all three equations (Tables 132 to 134)
showed three independent variables explaining greater than 90 percent
of the variance in the dependent variables. For area 18, August zonal
Ekman transport (r = -0.73) was the first variable entered, followed by
August Galveston Station fastest wind direction (r = 0.61), and July-
September Galveston mean fastest wind (r = 0.61). August Galveston
Station fastest wind direction entered into the equation for area 19
on the second step also. For both area 19 and area 19, 11-15 fm
depths, the same wind variable (October Galveston Station fastest wind
direction) was the first to be entered (r = -0.80 for area 19, and
r = -0.81 for area 19, 11-15 fm depths). All important variabl es in
the equation for area 19 were wind variables. Only in area 18 was
any catch/effort variable most highly correlated with an Ekman transport
variable.

Table 135 is the correlation matrix showing the simple bivariate
Pearson product-moment correlation coefficients between all possible
pairs of variables in the ten year (1964-1973) data set used to relate
white shrimp catch and catch/effort variables to salinity variables.
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Tables 136 to 141 show the results of the regression analyses relating
white shrimp catch and catch/effort variables to salinity variables for
the ten year data set.

Salinity, as represented by the data collected by BCF-NMFS during
their post1arva1 surveys at Galveston Entrance, explained only a modest
amount of the variance in catch and catch/effort, with only the
regressions for catch/effort in area 19 and area 19, 11-15 fm depths
(Tables 137 and 138) explaining greater than 50 percent of the variance
in the dependent variable. Salinity may have more of an effect on white
shrimp success than is indicated by these results. Unlike the ten year
analyses for brown shrimp, those for white shrimp did not include TPWD
bay salinity data since the data record was insufficient. It appears
that the data needed to establish the relationship of salinity to white
shrimp catch and catch/effort success have not been callected on a
continuous systematic basis. The availability of these data might go
along way toward explaining the influence of winds and tides on white
shrimping success.

Table 142 is the correlation matrix showing the simple bivariate
Pearson product-moment correlation coefficients between all possible
pairs of variables in the ten year (1964-1973) data set used to relate
white shrimp catch and catch/effort variables to recruit~ent, bay catch
and bay effort variables. Tables 143 to 148 show the results of
the regression analyses relating white shrimp catch and catch/effort
variables to recruitment, bay catch and bay effort variables for the
ten year data set.

Unlike the situation for brown shrimp catch and catch/effort (see
Tables 57 to 62), the white shrimp equations did not include data for
TPWD bay recruitment studies since the data record was not adequate.
Therefore, while the ·results did not explain as much of the variance
in white shrimp catch and catch/effort as was seen for brown shrimp,
they do explain a significant amount of the variance.
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The results for catch (Tables 143 to 145) are quite interesting.
For area 18, the postl arval data were of no importance, with bay trips
in area 13 and a number of catch and 1 agged effort vari ab 1es (a 11
from GCSD) entering the equation before any postlarval variable. In
this case, five variables explained about 75 percent of the variance
in catch in area 18. For area 19, where five variables explained
71 percent of the variance in white shrimp catch, three postl arval
catch/tow variables, all positively correlated with catch, were the
first variables to' enter the equation. The results for area 19,
11-15 fm depths, were similar to those for area 18, in that postlarval
catch/tow vari ab 1es were re 1ati vely unimportant and 1agged bay catch
and bay effort were the most important vari abl es. Lagged bay tri ps in
area 19 showed a correlation of r = 0.82 with catch in area 19, 11-15 fm
depths, and was entered into the equation first.

As in the results for catch, postl arval variabl es were important
in the catch/effort equation for area 19 (Table 147), but, unlike
the results for catch, these postlarval variables were also important
in predicting catch/effort in area 18 (Table 146). The correlations
between offshore white shrimp catch/effort (dependent) vari abl es and
postlarval catch/tow variables were not strong. The first three
~ariables entered into the equations for areas 18 and 19 were the same
and were entered in the same order. June and July postlarval catch/tow
variables were the first to enter, followed by bay catch/trip in area
19 (from GCSD). This latter variable had the highest correlation with
catch/effort in area 19, 11-15 fm depths (Table 148). The best fit was
seen for area 19, where 85 percent of the variance in catch/effort was
explained by four independent variables.

It is clear from these results that postlarval indices did
contribute significantly toward predicting white shrimp catch, with

positive correlations for most pair~ise comparisons of catch or
catch/effort and postl arval catch/tow vari abl es. Bay catch and bay
effort appeared to be more important predictors of white shrimp catch
and catch/effort than was the case for brown shrimp. White shrimp
bay catch and total bay effort should be more closely related to
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white shrimp stocks than brown shrimp bay catch and total bay effort
variables should be to brown shrimp stocks since the inshore fishery
for white shrimp is much less restricted than for brown shrimp, with
heavy exploitation. The effect of lagged variables also appears to be
more important for white shrimp than for brown shrimp. Thi s was seen
in the equations for discharge and precipitation as well as those for
recruitment, bay catch and bay effort.

3.2.2.3 White Shrimp Regressions for the Period 1960-1977

Summary statistics for the eighteen year data (1960-1977) used to
develop the regressions rel ati ng white shrimp catch and catch/effort

variables to environmental variables and indices 'of recruitment are
show in Table 149. All scalings or transformations of variables are
documented in Table 4.

Table 150 is the correlation matrix showing the simple bivariate
Pearson product-moment correlation coefficients between all possible
pairs of variables in the ten year data set used to relate white
shrimp catch and catch/effort variables to river discharge variables.
Tables 151 to 156 show the results of the regression analyses relating
white shrimp catch and catch/effort variables to river discharge
variables for the eighteen year data set.

Although the same river discharge variables were used in the
analyses for the eighteen year data (Tables 151 to 156) as were used
in the analyses for the ten year data set (see Tables 108 to 113),
the results showed that the amounts of explained variance were less for
the models for the eighteen year data. There was also a lesser amount
of vari ance in brown shrimp catch and catch/effort expl ai ned by the
eighteen year analyses (see Tables 22 to 27) as compared to the results
for the ten year analyses (see Tables 65 to 70). These differences for
brown and white shrimp catch and catch/effort variables for the two time
periods were not due to the unavailability of certain variables in the
etghteen year record that were important in the regressi ons based on
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the ten year data. Rather, they represent a closer relationship of both
catch and catch/effort to discharge during the shorter time period.

For area 18, (see Table 151) lagged annual Atchafalaya River
discharge, with a simple correlation of r = 0.62 with white shrimp
catch, was the first variable entered in the regression equation. This
is consistent with the trend for the ten year data set (see Table 108)
but, in the case of the latter, the correlation was considerably
stronger (r = 0.85). Four variables explained 75 percent of the
variance in white shrimp catch in the analysi s for area 18 for the
eighteen year period.

For area 19, there was again a considerably lower total amount
of variance explained in the analyses based on the eighteen year data
set (Table 152) as compared to that for the ten year data set (see
Table 109), with four variables explaining only 63 percent of the
variance in white shrimp catch for the 1960-1977 period. The entry of
variables into the eighteen year regression equation was considerably
different from that for the ten year analysis, with annual Trinity
River discharge (r = 0.57) the first variable to enter the eighteen year
equation. For the ten year analysis (see Table 109), lagged annual
Guadalupe River discharge was the variable most highly correlated with
catch (r = 0.77). For the eighteen year period, lagged annual Guadalupe
River discharge had a correlation with catch in area 19 of r = 0.23.

As was the case for area 19, the results for area 19,
11-15 fm depths, showed different variables entering the eighteen
year (Table 153) and ten year equations (see Table 110). Both the
seasonality (October-December) and the location (Guadalupe River) of
the first variable entered in the eighteen year equation differed from
those for the first variable entered for the ten year equation. It is
interesting to note that lagged variables were the second through fourth
variables entered in the eighteen year analysis, and that the first
three variables entered into the equation for area 19, 11-15 fm depths,
were from the October to December periode Lagged annual Atchafa 1aya
discharge, with a simple correlation of r = -0.42 \'iithwhite shrimp
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catch in area 19, 11-15 fm depths, was almost as highly correlated with
catch as was the first variable to enter the equation (October-December
Guadalupe River discharge).

As \'iasthe case for white shrimp catch variables, the regression
~odels for catch/effort with discharge variables for the eighteen year
data set (Tables 154 to 156) did not show as much of the variation in
catch/effort explained as was accounted for in the equations for the ten
year data (see Tables 111 to 113). For area 13 (Table 154), the first
two variables entering the model for the eighteen year period were April
to June Mississippi River discharge (r = 0.60) and annual Atchafalaya
River discharge (r = 0.59). Annual Mississippi River discharge was
the variable most highly correlated with catch/effort for area 19
(r = 0.69). The results for area 19 again demonstrate the importance of
annual discharge (first variable to enter) and lagged discharge for the
period October to December (second and third variables to enter) toward
predicting white shrimp catch/effort during this eighteen year period.
Thi s same relationship was evident in the results for catch/effort in
a~ea 19, 11-15 fm depths (Table 156) for the eighteen year period, where
lagged Guadalupe River discharge for the period October-December, with
a correlation of r'= 0.65 with catch/effort, was the first variable to
enter the regression equation. The importance of river discharge in
the fall period (lagged and unlagged) is evident in a number of results
for white shrimping success indicators.

Table 157 is the correlation matrix showing the simple bivariate
Pearson product-moment correlation coefficients between all possible
pairs of variables in the eighteen year (1960-1977) data set used to
relate white shrimp catch and catch/effort variables to precipitation
variables. Tables 158 to 163 show the results of the regression
analyses relating white shrimp catch and catch/effort variables to
precipitation variables for the eighteen year data set.

Preci pitation vari ables expl ained only a modest portion of
the variance in catch and catch/effort variables for white shrimp
(Tables 158 to 163), with four variables explaining a maximum of 56
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percent of the variance (for catch in area 19).
area 18 (Table 158) showed very weak relationships
precipitation variables, with the highest simple
r = -0.19.

The results for
between catch and
correlation being

The results of the regression ana-lyses for white shrimp
catch/effort variables and precipitation variables (Tables 161 to
163) showed considerably more explained variance as compared to the
catch equations (Tables 158-160). The same two variables (April to
June Freeport precipitation and lagged October to December Freeoort
preci pitati on) were entered fi rst in both the catch and catch/effort
equations for area 18, but in reverse order (Tables 158 and 161).
April to June Freeport precipitation was also the variable most highly
correlated with total catch in area 19 (Table 159). Annual Freeport
precipitation, with a simple correlation of r = 0.75 with catch/effort,
was the variable most highly correlated with this dependent variable
in area 19 (Table 162). July-September Freeport precipitation was
the variable most highly correlated (r = 0.69) with catch/effort in
area 19, 11-15 fm depths (Table 163). Otherwise lagged October
to December precipitation was an important variable in all three
catch/effort equations (Tables 161 to 163). As was the case with
discharge variables, most of the precipitation variables that had strong
correlations with white shrimp catch or catch/effort variables for the
eighteen year period were positively related.

Table 164 is the correlation matrix showing the simple bivariate
Pearson product-moment correlation coefficients between all possible
pairs of variables in the eighteen year (1960-1977) data set used to
relate white shrimp catch and catch/effort variables to temperature
variables. Tables 165 to 170 show the results of the regression
analyses relating white shrimp catch and catch/effort variables to
temperature variables for the eighteen year data set.

As in the case of the ten year data (see Tables 122 to 127),
white shrimp catch and catch/effort variables were not closely related
to temperature variables over the eighteen year record, with the
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equations for catch in area 18 (Table 165) and for catch/effort in
area 19, 11-15 fm depths (Table 168), explaining the most variance
for each category of dependent variable. _ However, in the case of
catch/effort, 1ess than 40 percent of the vari ance was accounted for
by the precipitation variables. All simple correlations for catch
and catch/effort area 19, 11-15 fm depths, with temperature variables
were negative (see Table 121). The strongest simple correlation between
any catch variable and temperature variable was that between catch
in area 19, 11-15 fm depths, and minimum NOS temperature in February
(r = -0.54). Low temperatures in February, generally one of the coldest
months of the year along the northwest Gulf Coast, have been known
to kill finfish and shellfish in shallow waters (Gunter 1941, 1953),
and low winter temperatures also have been associated with offshore and
longshore (southern) migrations of white shrimp (Lindner and Anderson
1956). During mild winters white shrimp may remain in the estuaries
or in the near offshore gulf in areas 18 and 19, but are apparently
driven offshore or south during colder winters. While a positive
rel ationship between catch and minimum temperature was seen for area
18 (r = 0.53), the negative relationship of catch in area 19, 11-15 fm
depths, to temperature may indicate that in colder winters white shrimp
move farther offshore (into the 11 to 15 fm depths).

Table 171 is the correlation matrix showing the simple bivariate
Pearson product-moment correlation coefficients between all possible
pairs of variables in the eighteen year (1960-1977) data set used
to relate white shrimp catch and catch/effort variables to wind and
tide variables. Tables 172 to 177 show the results of the regression
analyses relating white. shrimp catch and catch/effort variables to wind
and tide variables for the eighteen year data set.

At 1east partly, but not entirely, due to the absence of Ekman
transport dat? for the eighteen year period, the relationships of annual
white shrimp catch variables \'Iith wind and tide variables (Tables 172
to 174) were not as well defined as they were for the ten year data
set (see Tables 129 to 134), with less than 80 percent of the variance
being explained by the first three variables entered in each of the
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equations. For area 19, the same variable (August Galveston Station
fastest wind direction) was the first to enter the ten and eighteen year
equations for catch, but the correlation was much lower for the eighteen
year data (see Tables 130 and 173). For area 18 (Table 172), the April-
June Freeport mean high tide was the first variable to enter the catch
equation (r = 0.75), and this may be related to larval transport into
the estuaries. June Galv~ston Station fastest wind speed, which was the
first variable entered in the ten year equation for catch (r = -0.94),
had a lower correlation (r = -0.61) with catch for the eighteen year
data set. For area 19, 11-15 fm depths (Table 174), July Freeport high
tide, with a simple correlation of r = -0.57 with white shrimp catch,
was the first variable to enter the equation. The relationship may
reflect the increased salinities and reduced carrying capacity of the
estuaries associated with high tides during this period of high offshore
salinity. October Galveston Station fastest wind, which was the first
variable to enter the ten year equation (see Table 133), was the seventh
variable to enter the eighteen year equation (Table 174). July fastest
wind, which was the second variable to enter the ten year equation, did
not enter the eighteen year regression model. Thus, the results for
catch in area 19, 11-15 fm depths, were considerably different for the
two time periods.

For white shrimp catch/effort variables, the eighteen year
regression equations with only wind and tide variables (Tables 175 to
177) explained considerably· less of the variance as compared to the
results for the ten year data (see Tables 132 to 134), where three
variables consistently explained greater than 90 percent of the variance
in the dependent variables. Only for area 19 (Table 176) did three
variables explain as much as 80 percent of the variance in white shrimp
catch/effort. In no case was the first variable entered the same for
the ten and eighteen year data sets.

For area 18, the first variable which entered the ten year
regression (August zonal Ekman transport) was not available for the
eighteen year analysis (see Tables 132 and 175). September Freeport
high tide was the variable most highly correlated with catch/effort

114



in area 18 (r = 0.47) for the eighteen year period. Along with
June Freeport hi gh tide which entered the equati on on the second step
(r = 0.43), 41 percent of the variation in catch/effort was explained
by two variables. All high tide variables which entered the equations
were positively correlated with catch/effort.

For area 19, four variables explained 88 percent of the variance
in catch/effort and fi ve vari ab 1es exp 1a i ned greater than 92 percent
of the variance. August Galveston Station fastest wind direction, with
a correlation of r = 0.61 with catch/effort, was the first variable to
enter the equation for area 19 (Table 176), followed by October and
September Freeport high tides. All three variables were positively
correlated with catch/effort in area 19. For area 19, 11-15 fm
depths, the variable which first entered the ten year equation (October
Galveston Station fastest wind direction, with a correlation with
catch/effort of r = -0.91) did not enter the eighteen year equation
at all (see Tables 133 and 176). For the eighteen year data set for
area 19, 11-15 fm depths (Table 177), August Freeport high tide was
the variable most highly correlated with catch/effort (r = 0.46) and was
entered into the equation first.

Table 178 is the correlation matrix showing the simple bivariate
Pearson product-moment correlation coefficients between all possible
pairs of variables in the eighteen year (1960-1977) data set used
to rel ate white shrimp catch and catch/effort vari abl es to bay catch
and bay effort vari abl es. Tabl es 179 to 184 show the results of
the regression analyses relating white shrimp catch and catch/effort
variables to bay catch and bay effort variables for the eighteen year
data set.

The ei ghteen year data set for bay catch and bay effort (see
Table 149) differed from the comparable ten year data set (see
Table 106) by the absence of BCF-NMFSpostlarval catch/tow data. Since
postlarval variables were important only for catch and catch/effort in
area 19 in the ten year analyses (see Tables 144 and 147), their absence
might be expected to ~nfluence the results for this statistical area
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the most. The order of entry of variables into the eighteen year catch
equations (Tables 179 to 181) generally showed a different pattern than
those for the ten year equations (see Tables 143 to 145). In general,
the correlations and the amount of variance explained by the regressions
for the eighteen year data set were lower.

For white shrimp catch in area 18, bay trips in area 18, which
entered first in the ten year regression (see Table 143), did not enter
the eighteen year equation (Table 179) until the seventh step. However,
its correlation with catch over the eighteen year period (r = 0.54) was
almost as high as the correlation of the variable (lagged bay trips in
area 18) which was entered into the eighteen year model first (r = 0.56
with catch). The variable with the highest simple correlation with
catch in area 19 for the ei ghteen year data set was bay catch in
area 19 (r = 0.39). For area 19, five variables failed to explain as
much as 50 percent of the variability in catch (Table 180). For the
ten year data, postlarval catch/tow variables were the most important
independent variables for predicting white shrimp catch in area 19
(see Table 144), but even there, the total amount of explained variance
was not large. As an indication of how much relationships can differ
for different periods of time, lagged bay trips in area 19, with a
correlation of r = 0.82 with catch in area 19, 11-15 fm depths, was
entered first in the ten year equation for this dependent variable
(see Table 145) while it entered the equivalent eighteen year equation
fourth (Table 181), with a correlation of r = -.040 with catch in area
19, 11-15 fm depths. In the case of area 19, 11-15 fm depths, five
variables explained 80 percent of the variance in catch for the eigh~een
year period (Table 181).

For catch/effort vari ab 1es, the amounts of vari ance expl ai ned in
the equations for areas 18 and 19 (Tables 18? to 183) were less than
20 percent. For area 19, 11-15 fm depths, lagged bay catch/trip in
area 19, with a correlation of r = 0.74 with catch/effort, was by far
the most important independent vari ab 1e and contri buted greatly to the
total explained variance (66 percent) for this equation (Table 184).
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3.2.3 Overall Regression Analyses

3.2.3.1 Brown Shrimp Regressions for the Period 1964-1973

The correlation matrix showing simple bivariate relationships
between brown shrimp catch and catch/effort variables and best fit
categorical variables and effort for the ten year (1964-1973) period
is shown in Table 185. For this ten year data set, the results
of the regressions for brown shrimp catch and environmental variables
(without effort) are shown in Tables 186 to 188. The stepwise multiple
regressi on results for brown shrimp catch for the ten year data set
benefited greatly from the inclusion of those variables available only
for the common time period of 1964 to 1973.

For total catch in area 18, all the variables in the final best fit
regression for the period 1964 to 1973 (Table 186) were missing from the
18 year record. Three variables, May TPWDGalveston Bay catch/effort
for secondary bays, February zonal Ekman transport and February mean
post1arva1 catch/tow in Galveston Bay entrance, all of which were
positively correlated with brown shrimp catch (Table 185), together
accounted for 99 percent of the vari ance and provi ded a very good
predictive capability for brown shrimp catch in statistical area 18.
A plot of brown shrimp total catch in area 18 and the most important
independent variables in the final stepwise multiple regression model
for the ten year (1964-1973) data set is presented in Figure 9, while a
plot of the actual, predicted and residual values of brown shrimp total
catch in area 18 based on this final stepwise multiple regression model
is presented in Figure 10.

A similar situation is seen for total catch of brown shrimp
in area 19 (Table 187), where three of the most important variables
(minimum salinities from BCF-NMFSpost1arva1 data for the second half
of March and for the first half of April, and April mean post1arva1
catch/tow from the same study) \'1ere available for only the ten year
period. The other variables of importance were March and April Freeport
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precipitation, and the five variables in the final best fit regression
(Tabl e 187) accounted for 99 percent of the vari ance in the catch of
brown shrimp in statistical area 19. Unlike the analyses for area
18 (Table 186), TPWDdata for catch/effort of juvenile brown shrimp in
Galveston and Matagorda Bays were not important for area 19. A plot of
brown shrimp total catch in area 19 and the most important independent
variables in the final stepwise multiple regression model for the ten
year (1964-1973) data set is presented in Figure 11, while a plot of
the actual, predicted and residual values of brown shrimp total catch
in area 19 based on this final stepwise multiple regression model is
presented in Figure 12.

For area 19, 11-15 fm depths, three variables accounted for 97
percent of the variance in brown shrimp catch and four variables
accounted for 99 percent of the variance in the final best fit
regression model (Table 188). Of these, the variable with the highest
correlation with catch in area 19, 11 to 15 fm depths (February mean
postlarval catch/tow in Galveston Bay Entrance from BCF-NMFSstudies),
was not available for the 18 year period. The other important
variables, including bay effort in area 19, lagged bay catch in area
18, and discharge of the Guadalupe River in summer (July-September),
were also available for the entire 1960-1977 period. A plot of brown
shrimp total catch in area 19, 11-15 fm depths, and the most important
independent variables in the final stepwise multiple regression model
for the ten year (1964-1973) data set is presented in Figure 13, while a
plot of the actual, predicted and residual values of brown shrimp total
catch in area 19, 11-15 fm depths, based on this final stepwise multiple
regression model, is presented in Figure 14.

As can be seen for the regressi ons of brown shrimp catch with
offshore non-directed effort (Table 189 to 191), the inclusion of effort
did 1 ittle to change the analyses for area 19 and area 19, 11-15 fm
depths. Only in the model for statistical area 18 (Table 189) was
effort an important component of the final best fit model, but it also
entered the equation for catch in area 19, 11-15 fm depths, explaining
about two percent of the resi dua 1 vari ance in brown shrimp catch. A
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plot of brown shrimp catch in area 18 and the most important independent
variables including offshore non-directed effort in the final stepwise
multiple regression model for the ten year (1964-1973) data set is
presented in Figure 15, while a plot of the actual, predicted and
residual values of brown shrimp total catch in area 18 based on this
final stepwise multiple regression model is presented in Figure 16.
A plot of the actual, predicted and residual values of brown shrimp
total catch in area 19, 11-15 fm depths, based on the fi nal multi pl e
regression model with environmental variables including non-directed
effort for the eighteen year (1960-1977) data set is presented in
Figure 17. This plot for area 19, 11-15 fm depths, is presented because
the inclusion of effort led to a slightly different predictive equation
than the one with effort omitted, even though effort was rel ati vely
unimportant in this equation.

The best fit regression models for brown shrimp interview
catch/effort variables for the period 1964 to 1973 are shown in
Tables 192 to 194. In all three equations, 99 percent of the variance
is explained by four or fewer variables. For area 18 (Table 192),
two variables, May TPWDGalveston Bay primary bay catch/effort (which
had a simple correlation of r = 0.92 with catch/effort in area 18)
and minimum sa 1i nity from the BCF-NMFS postl arva 1 data for Galveston
entrance (which had a simple correlation with catch/effort in area 18 of
r = 0.77) accounted for 98 percent of the variance. The third variable
to enter the equation (April-June Freeport precipitation) was negatively
related to catch/effort of brown shrimp area 18 (r = -0.56). A plot
of brown shrimp interview catch/effort in area 18 and the most important
independent variables in the final stepwise multiple regression model
for the ten year (1964-1973) data set is presented in Figure 18, while
a plot of the actual, predicted and residual values of brown shrimp
interview catch/effort in area 18 based on this final stepwise multiple
regression model is presented in Figure 19.

For area 19, the most important variable in the ten year
regression, April TPWDGalveston Bay salinity, had a simple correlation
of r = 0.89 with brown shrimp interview catch/effort, while the
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remaln1ng three variables in the final regression model (Table 193) all
had correlations with absolute values greater than r = 0.70. March
Trinity River discharge was the only variable in the model that was
negatively correlated with catch/effort. In addition to April TPWO
Galveston Bay salinity, the minimum salinity during the second half of
March (from the BCF-NMFSpostlarval data for Galveston Entrance), and
the April NOS Galveston mean temperature were strongly and positively
correlated with catch/effort in area 19 (Table 193). A plot of
brown shrimp i ntervi ew catch/effort in area 19 and the most important
independent variables in the final stepwise multiple regression model
for the ten year (1964-1973) data set is presented in Figure 20, while
a plot of the actual, predicted and residual values of brown shrimp
interview catch/effort in area 19 based on this final stepwise multiple
regression model is presented in Figure 21.

The same variable that first entered the equation for catch/effort
in area 19 (April TPWD Galveston Bay mean salinity), also was the
first variable to enter the equation for catch/effort in area 19,
11-15 fm depths (Table 194), with a simple correlation of r = 0.89
with catch/effort. The other three variables in the equation were
discharge variables (March Trinity River discharge, October-December
Trinity River discharge and January-March Mississippi River discharge),
and all were negatively correlated with catch/effort. A plot of brown
shrimp interview catch/effort in area 19, 11-15 fm depths, and the
most important independent variables in the final stepwise multiple
regression model for the ten year (1964-1973) data set is presented in
Figure 22, while a plot of the actual, predicted and residual values
of brown shrimp i ntervi ew catch/effort in area 19, 11-15 fm depths,
based on this final stepwise multiple regression model~ is presented in
Fi gure 23.

3.2.3.2 Brown Shrimp Regressions for the Period 1960-1977

The correlation matrix showing simple bivariate relationships
between brown shrimp catch and catch/effort variables and best fit
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categorical variables and effort for the eighteen year (1960-1977)
period is shown in Table 195.

For the ei ghteen year data set, the results of the regressi ons
of brown shrimp catch and environmental variables (without effort) are
shown in Tables 196 to 198. These results are very different from those
for the ten years data set (see Tables 186 to 188), with much less
of the variance in catch explained by the most important independent
variables. The major differences, especially those for the model for
catch in area 18 (see Tabl es 186 and 196), are due to the absence of
a number of variables in the eighteen year data set (including BCF-
NMFS postlarval catch/effort and salinity, TPWD bay catch/effort and
salinity, and Ekman transport) that were available for the ten year
period. The most important variable for predicting brown shrimp catch
in area '18 in the ei ghteen year data set was 1agged bay catch in
area 19 (from GCSD). Other variables of importance included spring
precipitation at Freeport, summer Guadalupe River discharge and bay
catch and bay effort in area 18 (both of these also from GCSD). Seven
variables explained about 91 percent of the variance in brown shrimp
catch in area 18. A plot of brown shrimp total catch in area 18 and
the most important independent variables in the final stepwise multiple
regression model for the eighteen year (1960-1977) data set is presented
in Figure 24, while a plot of the actual, predicted and residual values
of brown shrimp total catch in area 18 based on this final stepwise
multiple regression model is presented in Figure 25.

As \'ias the situation for the catch in area 18, the regression
model for catch of brown shrimp in area 19 for the peri ad 1960-1977
(Table 197) is completely different from that for the 1964-1973 period
(see Table 187). Again, the most important variables for the ten year
data set (minimum salinities in Galveston entrance in March and in April
from BCF-NMFSpostlarval studies) were not available for the eighteen
year record. In fact, the two models (see Tables 187 and 197) have
no variables in common. For the 18 year model, the discharge of
the Mississippi River was the variable most strongly correlated with
catch (r = -0.64), while April fastest wind, April NOS Galveston Bay
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mean temperature, March NOS Galveston Bay minimum temperature, March
high tide (Freeport) and March NOS Galveston minimum density were also
important. Five variables explained 94 percent of the variance in
catch in area 19. A plot of brown shrimp total catch in area 19 and
the most important independent variables in the final stepwise multiple
regression model for the eighteen year (1960-1977) data set is presented
in Figure 26, while a plot of the actual, predicted and residual values
of brown shrimp total catch in area 19 based on this final stepwise
multiple regression model is presented in Figure 27.

For area 19, 11-15 fm depths, a number of variables contributed
to the final regression model (Table 198), including April Galveston
fastest wind direction, Apri1 mean NOS temperature, April minimum NOS
density, 1agged annual Mississippi River discharge, spring Trinity and
Guadalupe River discharges, February Galveston fastest wind and lagged
bay trips in area 19 (from GCSD). Five variables explained 85 percent
of the variance in catch in area 19, 11-15 fathom depths. The
regression results for the ten year data set (see Table 188) showed
February postlarval catch/tow to be the most important independent
variable. This variable was not in the 18 year data set. A plot
of brown shrimp total catch in area 19, 11-15 fm depths, and the
most important independent variables in the final stepwise multiple
regression model for the eighteen year (1960-1977) data set is presented
in Figure 28, while a plot of the actual, predicted and residual values
of brown shrimp total catch in area 19, 11-15 fm depths, based on this
final stepwise multiple regression model is presented in Figure 29.

When effort was inc1uded in the set of independent variab1es,
its importance in predicting brown shrimp catch was easily recognized
(Table 199 to 201). For area 18, effort was the variable most highly
correlated with catch (r = 0.68) and was, therefore, entered into the
equation first (Table 199). The importance of effort for the eighteen
year period, and its relative lack of importance in the analyses
conducted over the ten year (1964-1973) periad was at 1east partly
due to the 1ack of data for some of the most important environmenta1
variables in the eighteen year data set. A plat of brown shrimp
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total catch in area 18 and the most important independent variables
including offshore non-directed effort in the final stepwise multiple
regression model for the eighteen year (1960-1977) data set is presented
in Figure 30, while a plot of the actual, predicted and residual values
of brown shrimp total catch in area 13 based on this final stepwise
multiple regression model is presented in Figure 31.

For area 19, effort, with a correlation of r = 0.60 with catch,
entered the equation on the fourth step, accounting for about 12 percent
of the residual variance in catch (Table 200). It was of much less
importance in predicting shrimp catch in area 19 as compared to area
18 (Table 199). A plot of the actual, predicted and residual values
of brown shrimp total catch in area 19 based on the final multiple
regression model with most important independent variables including
non-directed effort for the eighteen year (1960-1977) data set is
presented in Figure 32.

For area 19, 11-15 fm depths, effort, with a simple correlation
of r = 0.84 with catch, entered the equation first (Table 201). This
largely determined which variables would be entered subsequently. April
NOS mean temperature, Galveston Station direction of fastest wind, and
minimum density variables were important in this equation (Table 201),
as was March NOS minimum temperature and February Galveston fastest
wind. A plot of brown shrimp total catch in area 19, 11 to 15 fm
depths, and the most important independent vari ab 1es i ncl udi ng non-
directed effort in the final stepwise multiple regression model for the
eighteen year (1960-1977) data set is presented in Figure 33, while a
plot of the actual, predicted and residual values of brown shrimp total
catch in area 19, 11 to 15 fm depths, based on this final stepwise
multiple regression model is presented in Figure 34.

As was the case with catch, the catch/effort regressions for
the 18 year data set (Table 202 to 204) were considerably different
from the ten year models (see Tables 192 to 194), with less of the
variance in catch/effort explained by the eighteen year models. This
was again at least partly due to the availability of important variables
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the ten year peri od. For area 18, only 77 percent of the vari ance
is explained in the best fit regression equation (Table 202), with
April NOS Galveston Channel mean water temperature the vari ab 1e most
strongly correl ated with brown shrimp catch/effort. Other important
variables were April Galveston Station fastest wind direction, lagged
bay catch/effort in area 18 and Freeport precipitation from April-
June. A plot of brown shrimp i ntervi ew catch/effort in area 18 and
the most important independent variables in the final stepwise multiple
regression model for the eighteen year (1960-1977) period is presented
in Figure 35, while a plot of the actual, predicted and residual values
of brown shrimp interview catch/effort in area 18 based on this final
stepwise multiple regression model is presented in Figure 36.

For area 19, April NOS Galveston Bay mean temperature,April
minimum density (both positively correlated with catch/effort) and three
discharge variables comprised the suite of variables in the best fit
regression (see Table 203), where 93 percent of the variance in brown
shrimp catch/effort was explained. A plot of brown shrimp interview
catch/effort in area 19 and the most important independent variables
in the final stepwise multiple regression model for the eighteen
year (1960-1977) data set is presented in Figure 37, while a plot of
the actual, predicted and residual values of brown shrimp interview
catch/effort in area 19 based on this final stepwise multiple regression
model is presented in Figure 38.

Finally, for brown shrimp interview catch/effort in area 19,
11-15 fm depths (Table 204), a variety of variables were important in
the best fit regression, including April fastest wind and April mean
temperature from the Galveston NOS Station (simple correlations of
r = -0.74 and r = 0.69, respectively), direction of the fastest wind
in February at Galveston, fall Mississippi River discharge during the
period October to December, and bay catch/trip in area 18. These
five variables accounted for 83 percent of the variation in brown
shrimp catch/effort. A plot of brown shrimp i ntervi ew catch/effort
in area 19, 11 to 15 fm depths, and the most important independent
variables in the final stepwise multiple regression model for the
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eighteen year (1960-1977) data set is presented in Figure 39, while
a plot of the actual, predicted and residual values of brown shrimp
i ntervi ew catch/effort in area 19, 11 to 15 fm depths, based on thi s
final stepwise multiple regression model is presented in Figure 40.

3.2.3.3 White Shrimp Regressions for the Period 1964-1973

The correlation matrix showing simple bivariate relationships
between white shrimp catch and catch/effort variables and best fit
categorical variables fur the ten year (1964-1973) period is shown in
Table 205.

The regression results for the three white shrimp catch variables
with best fit recruitment and environmental variables for the period
1964-1973 are shown in Tables 206 to 208. The results are very
rewarding, with four independent variables explaining at least 98
percent of the variance in each analysis. What is most interesting is
the great importance of wind, tide, and zonal Ekman transport variables
in explaining the variance in the dependent variables. In all three
models, wind and wind-related variables (i.e., Ekman transport) are the
first two variables entering the equations. Precipitation and discharge
variables are of only secondary importance, and are represented only
in the final model for area 18. While most studies in the past have
emphasized salinity, discharge, and precipitation in determining white
shrimp catch (Gunter 1950, 1956a; Gunter and Hildebrand 1954, Hildebrand
and Gunter 1953), the results of these analyses clearly indicate that
other environmental and recruitment variables are also important in
predicting white shrimp catch. These results suggest a completely
different set of mechanisms controlling white shrimp catch than has
previously been put forth.

For area 18, all five variables entered in the final regression
model (Table 206) were negatively correlated with catch, with the first
two variables entered (June Galveston Station fastest wind and August
zonal Ekman transport) very strongly correlated with catch (r = 0.89
and r = 0.83, respectively). Lagged bay trips in area 19 (from GCSD),
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January NOS Galveston Bay minimum temperature, and lagged October-
December Freeport precipitation were also in the final model. A plot of
white shrimp total catch in area 18 and the most important independent
variables in the final stepwise multiple regression model for the ten
year (1964-1973) data set is presented in Fi gure 41, whil e a plot
of the actual, predicted and residual values of white shrimp total
catch in area 18 based on this final stepwise multiple regression
model is presented in Figure 42. None of the variables that were
in the final model for area 18 were included in the final model for
area 19 (Table 207). August Galveston Station fastest wind direction
was strongly and positively correlated with catch in area 19 (r = 0.83)
and was entered in the regression equation on the first step. The
other three variables in the final model (April-June Galveston Station
mean fastest wind, June Freeport highest tide and number of days during
the April-June period at Freeport greater than 900 F) were less stongly
related to catch, with only highest tide in June positively correlated
to catch in area 19. A plot of white shrimp total catch in area 19 and
the most important independent variables in the final stepwise multiple
regression model for the ten year (1964-1973) period is presented in
Figure 43, while a plot of the actual, predicted and residual values
of white shrimp total catch in area 19, based on this final stepwise
multiple regression model is presented in Figure 44.

For area 19, 11-15 fm depths, October Galveston Station fastest
wind was strongly and positively correlated with catch (r = 0.88),
and entered the regression equation first. The other three variables
that entered the regression equation on steps 2-4 were all negatively
correlated with catch, with July Galveston Station fastest wind entering
on the second step (correlation of r = -0.50 with catch). Together, the
two fastest wind variables explained almost 88 percent of the variance
in catch in area 19, 11-15 fm depths, a truely surprising result.
The other two variables in the model were June Freeport highest tide
and January NOS Galveston Bay minimum temperature. A plot of white
shrimp total catch in area 19, 11-15 fm depths, and the most important
independent variables in the final stepwise multiple regression model
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for the ten year (1964-1973) data set is presented in Figure 4~, while a
plot of the actual, predicted and residual values of white shrimp total
catch in area 19, 11-15 fm depths, based on this final stepwise multiple
regression model, is presented in Figure 46.

When effort is brought into the picture (Tables 209 to 211) and
these results are compared to those with effort excluded (see Tables 206
to 208), it is quite clear that effort has little influence on white
shrimp catch that is not explained by environmental variables. In
no case did the inclusion of effort improve the fit of any regression
model.

The results of the regression analyses for white shrimp interview
catch/effort for the period 1964-1973 are shown in Tables 212 to 214.
For all dependent variables, four independent variables explained at
least 96 percent of the variance in the dependent variables. For
areas 18 and 19, wind, tide and Ekman transport variables are much less
important than they were in the equat ions for catch (Tables 206 and
207). The results for areas 18 and 19 are similar, with lagged regional
discharge (Mississippi or Atchafalaya River) and April-June Mississippi
River di scharge the most important vari ab 1es, together exp 1a i ni ng 85
and 90 percent of the vari ance in catch/effort in areas 18 and 19,
respectively. In both cases, bay catch/effort in area 19 was the third
variable entered, while a postlarval catch/tow variable (August or June)
entered on the fourth step. The first four variables in both equations
all had positive simple correlations with catch/effort demonstrating
the positive relationship of white shrimp catch to important discharge
variables, bay indices and postlarval indices. A plot of white shrimp
i ntervi ew catch/effort in area 18 and the most important independent
variables in the final stepwise multiple regreSSion model for the ten
year (1964-1973) data set is presented in Figure 47, while a plot of
the actual, predicted and residual values of white shrimp interview
catch/effort in area 18 based on this final stepwise multiple regression
model is presented in Figure 48.
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For area 19 (see Table 213), discharge variables were of major
importance, with the first two variables entering the equation (April-
June Mississippi River discharge and lagged 11ississippi River discharge)
both positi vely rel ated to white shrimp catch/effort and, together,
explaining greater than 90 percent of the variance in white shrimp
catch/effort. A plot of white shrimp i ntervi ew catch/effort in area
19 and the most important independent variables in the final stepwise
multiple regression model for the ten year (1964-1973) data set is
presented in Figure 49, while a plot of the actual, predicted and
residual values of white shrimp interview catch/effort in area 19
based on this final stepwise multiple regression model is presented in
Fi gure 50.

Only for area 19, 11-15 fm depths, were wind and Ekman transport
variables of major importance (Table 214). October Galveston Station
fastest wind direction (r = -0.81) and speed (r = 0.48) were the first
variables to enter the equation. A plot of white shrimp interview
catch/effort in area 19, 11-15 fm depths, and the most important
independent variables in the final stepwise multiple regression model
for the ten year (1964-1973) data set is presented in Figure 51, while
a plot of the actual, predicted and residual values of white shrimp
interview catch/effort in area 19, 11-15 fm depths, based on this final
stepwise multiple regression model is presented in Figure 52.

3.2.3.4 White Shrimp Regressions for the Period 1960-1977

The correlation matrix showing simple bivariate relationships
between white shrimp catch and catch/effort variables and best fit
categorical variables for the period 1960 to 1977 is shown in Table 215.
The results of the stepwise multiple regression analyses for white
shrimp catch variables with best fit recruitment and environmental
variables for the 1960-1977 period are shown in Tables 216 to 218. In
all cases, the eighteen year catch regressions did not explain as much
of the vari ance in catch as did the regressi ons for the ten year data
(see Tables 206 to 208). Since the only variables which were important
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in the ten year regressi ons which are not in the ei ghteen year data

set were Ekman transport variables, the results indicated that, for the
1960 to 1977 period, the relationships between catch and environmental
variables were somewhat different from that seen during the 1964 to 1973
period.

For area 18, discharge and wind direction variables were the most
important independent variables in the final regression equation for
white shrimp catch (Table 206). with lagged annual Atchafalaya River
discharge showing the strongest correlation with catch (r = 0.62). A
plot of white shrimp catch in area 18 and the most important independent
variables in the final stepwise multiple regression model for the
eighteen year (1960-1977) data set is presented in Figure 53, while a
plot of the actual, predicted and residual values of white shrimp total
catch in area 18 based on this final stepwise multiple regression model
is presented in Figure 54.

For area 19, spring (April-June) Freeport precipitation, number
of summer days at Freeport greater than 900F, lagged fall Trinity
River discharge and lagged bay catch in area 19 (from GCSD) were most
important in predicting white shrimp catch (Table 217). A plot of
white shrimp total catch in area 19 and the most important independent
variables in the final stepwise multiple regression model .for the
eighteen year (1960-1977) data set is presented in Figure 55. while a
plot of the actual, predicted and residual values of white shrimp total
catch in area 19 based on this final stepwise multiple regression model
is present.ed in Figure 56.

Of the three dependent variables, catch in statistical area 19,
11-15 fm depths, showed the highest amount of the variance explained
by the best fit environmental and recruitment variables (Table 218).
Bay effort and bay catch (both from GCSD) were the most important
independent variables, followed by spring Trinity River discharge. July
Freeport high tide, annual Guadalupe River discharge and number of
summer days greater than 900F at Freeport. A plot of white shrimp
catch in area 19, 11-15 fm depths, and the most important independent
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variables in the final stepwise multiple regression model for the
eighteen year (1960-1977) data set is presented in Figure 57, while a
plot of the actual, predicted and residual values of white shrimp total
catch in area 19, 11-15 fm depths, based on this final stepwise multiple
regression model is presented in Figure 53.

When effort was considered (Tables 219 to 221), the relative
influence of effort compared to that for environmental variables and
bay catch and bay effort variables could be assessed. For both areas
18 and 19 (Tables 219 and 220), effort was very important in the final
regression models •. However, in the case of area 18, where effort was
the most important independent variable (r = 0.71 with catch), inclusion
of effort did not improve the fit of the model as compared to the
model without effort (see Table 216), with a total explained variance
of only 72 percent. A plot of white shrimp total catch in area 13 and
the most important independent variables (including non-directed effort)
in the final stepwise multiple regression model for the eighteen year
(1960-1977) data set is presented in Figure 59, while a plot of the
actual, predicted and residual values of white shrimp catch in area 18
based on this final stepwise multiple regression model is presented in
Figure 60.

For area 19, effort was the second most strongly correlated
variable with catch (r = 0.69), and its inclusion on the second step
of the regression analysis improved the fit of the model (Table 220) as
compared to the results with effort excluded (see Table 217). In this
case, seven variables explained greater than 95 percent of the variance
;n white shrimp catch in area 19 for the 1960-1977 period. A plot of
white shrimp total catch in area 19 and the most important independent
variables (including offshore non-directed effort) in the final stepwise
multiple regression model for the eighteen year (1960-1977) data set
is presented in Figure 61, while a plot of the actual, predicted and
residual values of white shrimp catch in area 19 based on this final
stepwise multiple regression model is presented in Figure 62.
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For area 19, 11 to 15 fm depths, effort in this reporting unit
was not strongly related to white shrimp catch (r = 0.09). As can be
seen from comparing Tables 218 and 221, the inclusion of effort in the
regression analysis for total catch in area 19, 11 to 15 fm depths, did
nothing to improve the fit of the model.

Compared to the catch/effort analyses for white shrimp for the
period 1964-1973 (see Tables 212 to 214), the results for the 1960-1977
period (Tables 222-224) showed considerably different trends. For
areas 18 and 19, the results of the analyses for the eighteen
year period showed much 1ess importance of di scharge vari ab1es and
greater importance of precipitation variables in predicting white shrimp
interview catch/effort.

For catch/effort in area 18 (Table 222), spring Freeport
precipitation was the first variable to enter the equation, with a
simple correlation with catch/effort of r = 0.64. All variables that
entered the equation were positively correlated with catch/effort, with
five variables together explaining greater than 90 percent of the
variance. A plot of white shrimp interview catch/effort in area 18 and
the most important independent variables in the final stepwise multiple
regression model for the eighteen year (1960-1977) data set is presented
in Figure 63, while a plot of the actual, predicted and residual values
of white shrimp intervi ew catch/effort in area 13 based on, this fina1
stepwise multiple regression model is presented in Figure 64.

For area 19, annual Freeport precipitation was the variable most
highly correlated with white shrimp interview catch/effort (r = 0.75),
and it was entered into the equation first. Five variables explained
almost 88 percent of the vari ance in white shrimp catch/effort in the
final best fit regression model and all were positively correlated with
catch/effort (Table 223). A plot of white shrimp interview catch/effort
in area 19 and the most important independent variables in the final
step\'/ise multiple regression model for the eighteen year (1960-1977)
data set is presented in Figure 65, while a plot of the actual,
predicted and residual values of white shrimp intervi ew catch/effort
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in area 19 based on this final stepwise multiple regression model is
presented in Figure 66.

As in the ten year analysis (see Table 214), the eighteen year
analysis for white shrimp catch/effort for area 19, 11-15 fm depths
(see Tabl e 224), showed trends different from those for areas 18 and
19. The first variable to enter the equation for area 19, 11-15 fm
depths (number of summer days at Freeport with temperature greater
than 900F), was negatively correlated with catch/effort (r = -0.51").
Two Mississippi River discharge variables (April-June and January-
March) entered the equation on the second and third steps. Four
variables explained less than 50 percent of the variance in white
shrimp catch/effort in area 19, 11-15 fm depths, for the eighteen year
data. A plot of white shrimp interview catch/effort in area 19, 11 to
15 fm depths, and the most important independent variables in the final
stepwise multiple regression model for the eighteen year (1960-1977)
data set is presented in Figure 67, while a plot of the actual,
predicted and residual values of white shrimp interview catch/effort
in area 19,11 to 15 fm depths, based on this final stepwise multiple
regression model is presented in Figure 68.

3.2.4 Use of the Stepwise Multiple Regression Equations
for Impact Assessment

The estimated value of the dependent variable (Y) is found by
substituting the values of the relevant independent variables (XiS)
for the year of brine discharge into the particular model, using the
slopes and intercepts from the regression model (as given in the summary
tables presented in this report). For example, if brown shrimp catch
in area 18 in 1978 is being predicted from the model in Table 186, the
(R=3) independent variables (XiS) would be May TPWDsecondary Galveston
Bay catch/effort, February Ekman transport zonal index and February
postlarval catch/tow. Y is found by substituting the values of these
independent variables for 1978 into the model, using the slopes and the
intercepts given in Table 186 (column B). Thus,
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where a is the constant in Table 186 (listed under column B), b1 to
b3 are the coefficients (column B in Table 186) associated with each
of the three independent variables (Xl to X3), and the values of the
three independent variables (including any scalings or transformations)
for the year of discharge are substituted for Xl to X3•

The use of these regression equations for impact assessment centers
around developing 95 percent confidence limits for Y (i.e., catch
or catch/effort in statistical area 19, 11-15 fathom depths) for an
individual post discharge observation (Draper and Smith 1966). The 95
percent confidence limits can be calculated as follows:

Let Xo equal the 1 x (k+1) matrix of post discharge
observat ions of the k independent vari ab 1es used in the
particular regression equation, let C equal the inverse of
the variance - covariance matrix (XIX)-l for the data used
to build the regression model (the matrix of environmental
and recruitment data), and let s be the standard error of
the estimate, which is equal to the square root of the
resi dual mean square from the regressi on analysi s. Then,
95 percent confidence limits for Y, the estimated value of
catch or catch/effort duri ng the post-di scharge year (what
Y should be given no impact), are given by

Y _+ t(df,0.975) • s • (1 + X Ie x )1/2o 0

where df = the degrees of freedom for the res i dua 1 mean
square in the regression analysis and t is the table
Student1s t value. Since we are dealing with a two-tailed
test (the catch coul d either be enhanced or decreased by
brine discharge), table values for alpha = 0.975 are entered
for 95 percent confidence limits.

If the observed va 1ue of Y falls with in the 95 percent confi dence
limits, then the null hypothesis of no significant change attributable
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to brine discharge cannot be rejected. If the observed value of Y falls
outside the 95 percent confidence limits, then the null hypothesis is
rejected. By rejecting the null hypothesis, we assume that something
not in the model (e.g. brine discharge effects) has caused the trend
for catch or catch/effort to differ significantly from that predicted
by those variables in the final regression model. Rejection of the null
hypothesi s, therefore, does not necessarily imply that bri ne di scharge
has caused the significant deviation. Brine discharge is just one of
a number of environmental variables that are operative at any time.
Our ability to relate the rejection of the null hypothesis to brine
discharge impacts depends, to a large degree, on there being no other
"new" or man-induced change~ in the ecosystem that are not included in
the model but are affecting catch or catch rate of penaeid shrimp.

It should be pointed out that confidence intervals become wider
the farther the values of the independent vari ab 1es are away from the
grand !11ean for the particular variables. As such, the model will
have its greatest impact assessment capability during those years when
the envi ronmenta 1 and recruitment regi me in the areas surroundi ng the
diffuser are "typical" and do not include extreme values. Stated
another way, it is more diffi cul t (greater Type II error) to detect
a significant deviation during years when the environmental conditions
are very conducive (very good years) to, or very detrimental (very
bad years) to shrimping success. For example, if 1981 environmental
conditions were similar to those for 1967, with high salinities
prevailing throughout the spring, this \'lould represent an "atypical"
year, and confidence limits would be wider for estimates of shrimp catch
from the suite of important envi ronmental vari ables, and si gnifi cant
differences in observed and pr:'edicted catch will be more difficult to
detect (greater Type II error). Of course, the multiple regression
model should never be used for prediction purposes when the values for
the important environmental variables lie outside the range of values
for these independent variables used to calculate the regression model.
At extreme values of the XiS, the linearity of the relationship may no
longer exist.
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3.3 CLUSTER ANALYSIS

3.3.1 Introduction

The dendrograms presented in this document (Figures 69 to 74) have
been enhanced by printing the va1ue for annua 1 total catch of brown
and/or white shrimp next to each observation (= year). The reader
is reminded that the c1ustering was not accompli shed by using catch
as a variable in any of the analyses. The clustering was conducted
using only independent (environmental and recruitment) variables which
\'/ereimportant in predicting shrimp catch in the regression analyses
(Section 3.2). If the clustering strategy was at all successful, "good"
shrimping years should segregate from "bad" shrimping years, and this
should be reflected in a similarity in the value of catch for the
observations (= years) in the various cluster groups.

3.3.2 Brown Shrimp Cluster Analysis for the Period 1964-1973

The results of the Q-mode cluster analysis using variables which
were important in the categorical regression equations developed in
Section 3.2.1 for annual brown shrimp total catch in area 19 for the
period 1964-1973 are shown in Figure 69. The variables which were used
in this analysis were as follows:

VARll
VAR26
VAR41
VAR51
VAR66

VAR71
VAR78
VARI03
VAR109

Annual Mississippi River discharge
March NOS Freeport highest tide
Lagged annual Freeport precipitation
May TPWD primary bay Galveston catch/effort
Second half of March, Galveston Bay minimum
salinity (BCF-NMFS post1arval data)
April TPWD Matagorda Bay mean temperature
March Ekman zonal index
Lagged bay trips in area 18 (from GCSD)
April Freeport precipitation
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See Tables 5 and 3 for the reference number and unitst respectivelYt
for each variable.

The dendrogram (Figure 69) shows one major, well defined grouping
(Group I) and four relatively unrelated observations (Groups 2-5).
Based on the values for annual brown shrimp catch, three of the outlier
years (samples) (1964, 1969 and 1973) are among the four lowest years
of brown shrimp catch in area 19, while the other outlier (1967) was the
year of highest catch in area 19. The six observations that make up the
major grouping (1965-1966, 1968, and 1970-1972) are, with the exception
of 1972, all years of good brown shrimp catch in area 19. The range of
catch for the five years excluding 1972 was 12.6 million to 14.5 million
pounds (heads off), while, for 1972 the total annual brown shrimp catch
was only 6.7 mi11i on pounds. Except for the low value for 1972, the
cluster analysis using variables that were important in predicting brown
shrimp catch in area 19 was successful in segregati ng good shrimping
years from both poor years and also the exceptionally good year (1967).

The 1ack of simi 1arity among the four poor years was due to
different environmental regimes during these years. Based on the
relative magnitude of the values of the different variables, 1973,
the year with the lowest brown shrimp total catch in area 19 (5.8
million pounds, heads off), was clearly differentiated on the basis of
high values for both annual Mississippi River discharge and March NOS
Freeport highest tide, and low values for both Galveston Bay minimum
salinity during the second half of March and April TPWDMatagorda Bay
mean temperature. The year (1964) with the second lowest brown shrimp
catch in area 19 (8.7 million pounds, heads off), was quite different
from 1973 based on environmental variables, and this is evident in
the dendrogram. While 1973 had high values for annual Mississippi
River discharge and March NOS Freeport highest tide, these variables,
along with lagged annual Freeport precipitation and April Freeport
precipitation, were all very low for 1964. It can be concluded that
on the basis of the trends in the variables, the low catch in 1973
was related to regional phenomena, while the low catch in 1964 was
more closely related to local phenomena. The other year of relatively
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poor brown shrimp catch to be represented by an outlying observation
in the cluster dendrogram (Figure 69) was 1969 (with 9.8 million pounds,
heads off). It was characterized by highest values for lagged annual
Freeport precipitation and April Freeport precipitation, lowest values
for lagged bay trips in area 18 and May TPWD primary bay Galveston
Bay catch/effort, and relatively low values for Galveston Bay minimum
salinity in the second half of March and March Ekman zonal index.

Clearly, the best year for brown shrimp catch for the 1964 to 1973
period was 1967, with a catch of 19.1 million pounds, heads off. It was
clearly distinguished from the other years on the basis of environmental
variables, and was characterized by relatively low annual Mississippi
River discharge, and highest values for May TPWDprimary bay Galveston
Bay catch/effort, Galveston Bay minimum salinity during the second half
of March, April TPWD Matagorda Bay mean temperature and March Ekman
zonal index.

Based on the trends in environmental variables, the years in the
major grouping in the dendrogram that showed good catch did not appear
to be clearly related. The variable that most differentiated these
years from the others was Galveston Bay minimum salinity during the
second half of March. These years might be best categorized by lack
of extreme values for the important environmental variables.

The year 1972, which was the only year that was misclassified
by the suite of environmental variables (according to the criterion of
total catch), did not show any unique trends based on environmental
variables. However, of the six years that are in the major cluster
(Figure 69), 1972 had the highest annual Mississippi River discharge and
lowest Galveston Bay minimum salinity during the second half of March.
Both of these variables have been shown repeatedly to be very important
in determining brown shrimp production in Texas and Louisiana.
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3.3.3 Brown Shrimp Cluster Analysis for the Period 1960-1977

The results of the Q-mode cluster analysis using variables \'ihich
were important in the categori ca 1 regress i on equat ions developed in
Section 3.2.1 for annual brown shrimp total catch in area 19 for the
period 1960-1977 are shown in Figure 70. The variables which were used
in this analysis were as follows:

VARll
VAR22
VAR26
VAR99
VAR109

Annual Mississippi River discharge
March NOSGalveston Channel minimum temperature
March NOS Freeport highest tide
Bay trips in area 18 (from GGSO)
April Freeport precipitation

The reference number and units for each of these variables are presented
in Tables 5 and 3, respectively.

The results (Figure 70) indicated that good and poor brown shrimp
catch years were not well differentiated based on the five variables
entered into the analysis. At any level of similarity chosen, years
with relatively high catch and relatively low catch occur within the
same group. However, except for the positions of 1962 and 1967, the
groupi ngs in Fi gure 70 do show a temporal pattern. A major groupi ng
is composed of all years from 1970 to 1977 in addition to 1962 and
1967 (Group 5). No 1970-1977 year was clustered outside this group.
At the 1evel i ndi cated in the dendrogram (Fi gure 70), 1960 and 1961
appear as outlier years (Groups 1 and 2) while samples from 1963-1965
and those from 1966, 1968 and 1969 make up Groups 3 and 4, respectively.
The year 1960 is an outlier in the dendrogram primarily because of its
very low values for March NOS Galveston Channel minimum temperature,
March NOS Freeport high tide, and bay trips in area 18 (from GCSO).
The year 1961, with a relatively low catch, also showed low values
for March NOS Freeport highest tide and bay trips in area 18. The
1963-1965 observations also differed from those of the main group of the
dendrogram by showing low values for March NOS Freeport highest tide.
The poor segregati on of good and bad shrimpi ng years for the ei ghteen
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year data was probably due
variab1es in the data set.
the entire 18 year period.

to the lack of inclusion of any salinity
No salinity variables were available for

3.3.4 White Shrimp Cluster Analysis for the Period 1964-1973

The results of the Q-mode cluster analysis using variables which
were important in the categorical regression equations developed in
Section 3.2.2 for annual white shrimp total catch in area 19 for the
period 1964-1973 are shown in Figur.e71. The variables which were used
in this analysis were as follows:

VAR26
VAR38
VAR40
VAR43
VAR47
VAR53
VAR56

VAR65
VAR81
VAR94

April-June Freeport precipitation
Lagged annual Guadalupe River discharge
January NOS Galveston Channel minimum temperature
Lagged July-September Freeport precipitation
Bay catch in area 19 (from GCSD)
June postlarval catch/tow (from BCF-NMFS studies)
June Galveston Bay minimum salinity (BCF-NMFS
postlarval studies)
July Ekman meridional index
January-March Trinity River discharge
August Galveston Station fastest wind direction

The reference number and units for each of these variables are presented
in Tables 6 and 4, respectively.

The results indicated that the clustering was successful in
grouping good and bad years of white shrimp catch. n'iO major groups
are revealed, each consisting of five years. Both groups include three
observations from the 1964 to 1969 period and two observations from the
1970 to 1973 periode As can be seen from the catch values that are
printed alongside the dendrogram (Figure 71), there was no overlap in
the annual catch for the two groups, although the year in the "bad"
catch group (Group 1) that had the highest annual white shrimp catch
in area 19 (1971 with 2.27 million pounds, heads off) had a catch that
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was almost as high as that for the year with the lowest catch in the
"good" catch group (1966 with 2.30 million pounds, heads off).

Based on the relative magnitude of the values for the
different variables, it appear.s that the variables most important in
differentiating the two groups include April-June Freeport precipitation
and lagged annual Guadalupe River discharge (both of which were low for
the "bad" years), August Galveston fastest wind direction (also low for
the "bad" years) and June Galveston Bay minimum salinity (high for the
bad years).

3.3.5 White Shrimp Cluster Analysis for the Period 1960-1977

The results of the Q-mode cluster analysis using variables which
were important in the categorical regression equations developed in
Section 3.2.2 for annual white shrimp total catch in area 19 for the
period 1960-1977 are shown in Figure 72. The variables which were used
in this analysis were as follows:

VAR17
VAR26
VAR40
VAR47
VAR82
VAR94
VAR96

Annual Trinity River discharge
April-June Freeport precipitation
January NOS Galveston Channel minimum temperature
Bay catch in area 19 (from GCSO)
January-March Freeport precipitation
August Galveston fastest wind direction
October Galveston fastest wind direction

See Tables 6 and 4 for the reference number and units, respectively,
for each variable.

The results (Figure 72) showed groupings which are in general
agreement with the magnitude of the annual white shrimp catch in area
19. At the level indicated in the dendrogram (Figure 72) three groups
of years are evident, although Group 3, consisting of only 1962 and
1976, was very different from the other two groups. These two years in
Group 1 were more dissimilar (to each other) than were any two samples
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in either Group 2 or Group 3. Annual catches for the two years in
Group 1 included the lowest catch (1.01 X 106 pounds, heads off in 1962)
and the third lowest catch (1.50 X 106 pounds, heads off in 1976) for
the eighteen year period.

Except for one atypica1 year in each of the two other groups
(Groups 2 and 3), the annual catch values (Figure 72) showed that
the suite of environmental variables were able to segregate good
white shrimping years from poor white shrimping years. Group 2,
which included only one year (1971) with catch greater than 2 million
pounds, heads off, otherwise included the years 1963-1965 and 1971-1972.
Group 3, which included only one year (1975) with catch less than 2
million pounds, otherwise included the years 1960-1961, 1966, 1968-1970,
1973-1974 and 1977. The year 1973, which showed very high discharge and
the second highest catch for the eighteen year periad, was in Group 3
(the "good" white shrimping years) but was an outlier to this group.

The low catch in 1975 can be attributed, to some degree, to
a decrease in shrimping effort (see Figure 61), related to economic
factors (Johnson 1975). Effort was not included in the cluster
analysis. Perhaps its inclusion wauld provide more satisfying
groupings. Even with effort not included in the analysis, the
dendrogram clustered the years into ecologically meaningful groupings.

3.3.6 Brown and White Shrimp Cluster Analysis for the Period 1964-1973

The results of the Q-mode cluster analysis using variables which
were important in the categorical regression equations developed in
Section 3.2.3.1 for annual brown shrimp catch in area 19 and in
Section 3.2.3.3 for annual white shrimp catch in area 19 for the period
1964-1973 are shown in Figure 73. These were the same variables
previously used in the individual white shrimp and brown shrimp cluster
analyses for the period 1964 - 1973, and are listed in Sections 3.3.2
and 3.3.4. Reference numbers for these variables are presented in
Tables 5 and 6, while units are presented in Tables 3 and 4.
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The results for the combined environmental and recruitment data set
for the two species (i.e., including best fit independent variables for
both white and brown shrimp catch) for the period 1964-1973 (Figure 73)
exhibited trends characteristic of both the brown and white shrimp
dendrograms for the same period (see Figures 69 and 71). The groupings
of the years are generally similar to those for the white shrimp
dendrogram (Figure 71), with Groups 1 and 2 (at the level indicated in
Figure 73) essentially representing groups of good and poor white shrimp
years, respectively. The difference in this dendrogram and that one
based only on variables of importance to white shrimp catch (Figure 71)
is that one year has been segregated out of each of the two major groups
that were evident in the white shrimp catch dendrogram. Thus, 1964,
which was a poor year for white shrimp catch, and 1973, which was a
good year for white shrimp catch, are outliers in the cluster dendrogram
resulting from the analyses of the combined data (Figure 73). The
segregation of these two years is identical to the pattern shown in the
brown shrimp dendrogram based only on environmental variables important
to brown shrimp production (Figure 69). The year 1973 was unique,
with lowest brown shrimp catch and near highest white shrimp catch. It
behaved as an outlier due to the pattern of the variables that were
important to predicting brown shrimp catch. The year 1964, with low
white shrimp catch and relatively low brown shrimp catch, would be
expected to group with the low white shrimp catch years. The fact that
it was an outlier indicates that the environmental and/or recruitment
regimes during 1964 were unique. Of the nineteen variables in the
analysis, three from the brown shrimp data set (annual Mississippi River
discharge, March NOS Freeport highest tide, and lagged annual Freeport
precipitation) and three from the white shrimp data set (April - June
Freeport precipitation, lagged annual Guadalupe River discharge and
January NOS Galveston Channel minimum temperature) were lowest during
1964 for the ten year period.
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3.3.7 Brown and White Shrimp Cluster Analysis for the Period 1960-1977

The results of the Q-mode cluster analysis using the independent
variables which were important in the categorical regression equations
developed in Sections 3.2.3.2 and 3.2.3.4 for annual white shrimp catch
and annual brown shrimp catch, respectively in area 19, for the period
1960-1977 are shown in Figure 74. All variables previously used in the
white shrimp and brown shrimp cluster analyses for the period 1960-1977
were used in this analysis. These variables are listed in Section 3.3.3
and 3.3.5. Reference numbers for these variables are presented in
Tables 5 and 6, while units are presented in Tables 3 and 4.

The results for the combined environmenta1 and recruitment data
set for the two species (i.e., including best fit independent variables
for both white and brown shrimp catch) for the periad 1960 to 1977
showed groupings that corresponded most closely to the trends for catch
of white shrimp (Figure 7l). Of the three major groups in Figure 74,
Group 1 consists of only one outlying year (1960), characterized by
relatively high brown shrimp catch and intermediate white shrimp catch.
The other two groups include years of low white shrimp catch (Group 2)
and years of high white shrimp catch (Group 3). Except for 1971 (where
catch of white shrimp was 2.3 million pounds, heads off) all years in
Group 2 had white shrimp catch less than 2.0 million pounds. Except for
1975, which may be atypical due to the effect economic factors may have
had on effort, white shrimp catch for group 3 years was greater than
2.0 million pounds, heads off. The exceptional behavior of the years
1971 and 1975 parallel the trends seen in the dendrogram based only
on those best fit independent variables that were most important toward
predicting white shrimp catch (Figure 71). No strong and consistent
trends were apparent based on brown shrimp catch, with both Group 2
and Group 3 including years with both high and low catches of brown
shrimp. However, the years of low white shrimp catch (Group 2, with
the exception of 1971) were generally the years with high brown shrimp
catch, while the years of high white shrimp catch (Group 3, with the
exception of 1975) were generally years of low brown shrimp catch. This
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indicates to some degree, brown and white shrimp catch responded to some
of the same environmental variables, but in opposite ways.
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4.0 SUMMARY AND CONCLUSIONS

4.1 TIME SERIES ANALYSIS

Two univariate time series techniques (ARIMA modeling and Fourier
analysis) were used to evaluate trends in monthly total catch of brown
shrimp and white shrimp in area 19 for the period 1960-1977. Strong
seasonal trends based upon a 12-month cycle were evident for both
species. The ARIMA models identified these seasonal trends for both
brown and white shrimp. Although the seasonal patterns were strong and
repetitive, the absolute magnitude of the shrimp catch in a particular
month was influenced by factors not included in the models, as exhibited
by the relatively low percentages of explained variation. For white
shrimp catch, an obvious secondary 6-month peak in the trends may
have been responsible for the lower degree of explained variation,
as compared to brown shrimp catch, where no such secondary trend was
apparent. The usefulness of these results for impact assessment is
dependent upon the magnitude of the expected impact. If the deviation
is on the order of 30 to 50 percent, these results will be beneficial.
On the other hand, if the change is minor, it is doubtful that this
change could be distinguished from random occurrences.

The fourier analyses power spectrum estimates were disappointing
due to the fact that the seasonal trends, althogh averaging 12-months,
varied considerably throughout the 1960-1977 period. Over the 18 year
period, peaks in catch were twelve months apart only nine time for
brown shrimp and only six times for white shrimp. Therefore, predictive
models were not presented for the fourier analysis.

4.2 MULTIPLE REGRESSION ANALYSES

Stepwise multiple regression analysis was used to develop
predictive equations relating indices of shrimping success for brown the
white shrimp (annual catch and catch/effort) to environmental variables
and indices of recruitment for areas 18, 19, and 19 11-15 fm depths,
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for two time periods (1964-1973 and 1960-1977). The analytic scneme
first involved developing preliminary regressions utilizing groups of
categorical independent variables. These categories of variables
included discharge, precipitation, salinity, temperature, winds, tides
and Ekman transport, and i ndi ces of recruitment. From the results of
these initial regressions, variables were selected for use in the final
best fit "predictor" equations.

For brown shrimp, for the period 1964 to 1973, excellent results
were obtained with the initial categorical regressions, with generally
greater than 90 percent of the vari ance in catch and catch/effort
explained by three independent variables. As expected, annual and
spring river discharge variables were negatively related to catch and
catch/effort, while the opposite trend was seen for river discharge
(esp. Guadalupe River) in the summer. Lagged annual discharge variables
were, for the most part negatively related to catch and catch/effort,
with especi ally strong trends seen for catch/effort in areas 18 and
19 with lagged Atchafalaya River discharge. Precipitation variables
were not as closely related to catch and catch/effort as were
discharge variables, but showed similar trends. All precipitation
variables except lagged annual precipitation at Freeport were negatively
related to brown shrimp catch and catch/effort variables. Strongest
negative correlations were seen with annual, spring, and winter
precipitation variables. Of all the categories of variables, those for
precipitation shoWed the least explained variance. This is expected
since precipitation is several stages removed from its ultimate medium
of expression (i.e., as a determinator of salinity).

Both salinity and temperature variables generally showed positive
correlations with brown shrimp catch and catch/effort variables. There
were virtually no variables in any of the regressions with salinity
or tempeture that were negative. The importance of the TPWOsalinity
and temperature data and the sal i nity data from BCF-NMFS postl arval
samp1i ng for predi ct i ng brown shrimp catch was cl early demonstrated in
the results of the regression analyses. Since most of the variables
that were important were from the February to Apri 1 peri od, these
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regression equations are very useful in predicting shrimp success (since
a predicting can be made relatively early in the season). This;s
much different from the results of the analyses for precipitation and
discharge, where, in some cases, annual discharge data would be required
for predictive purposes. These results confirm the utility of the
present estaurine sampling programs conducted by the agencies in Texas
and Louisiana in predicting shrimping success.

Wind, tide and Ekman transport variables were also quite effective
in predicting indices of brown shrimp shrimping success. March zonal
Ekman transport was entered fi rst into all equati ons for catch and
catch/effort, showi ng strong pas; ti ve rel ati onshi ps with the dependent
variables. The relatively greater importance of zonal (east-west)
over meridional (north-south) transport is difficult to explain if
brown shrimp spawn very far from shore. As in the cases for
sal i nity and temperature, the fact that important predi ctor vari abl es
for wind, ti de and Ekman transport caul d be found for the February-
April period, increases the utility of these variables for predicting
shrimping success. The utility of the TPWDand the BCF-NMFSrecruitment
data for the winter and spring months is evident. As might be
expected, MAYTPWDprimary and secondary bay catch/effort in Galveston
Bay were parti cul arly effecti ve predi ctors of brown shrimp catch and
catch/effort. Postlarval catch/tow variables (especially values for
February) were strongly and positively related to catch in area 19,
11-15 fm depths, but the trends were not consistent for all dependent
variables. While postlarval catch/tow variables for other spring months
were important in several equations in explaining residual variance in
the dependent variables, they were not strongly correlated with the
dependent variables.

The results for the 18 year data showed basically the same trends
as were seen for the 10 year data, but the amounts of explained variance
were much lower, due, at least in part, to the lack of important
variables for the 18 year data set. These included Ekman transport
variables, TPWDbay temperature, salinity and catch/effort variables and
BCF-NMFSpostlarval salinity and catch/tow vaiables. However, even for
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those variables present in both the 10 and 18 year data sets (e.g.,
precipitation and discharge), the correlations for the 10 year data
were much stronger. This can best be attributed to the presence of
other factors, such as poss i b1e i naccuraci es in the reporting process
during the early years, and economic factors during the late years,
which were influencing shrimping success and were not included in any
of the categorical analyses. None of the categorical regression models
alone provided an adequate predictor of brown shrimping success for the
1960-1977 period.

The best fit regression equations for the 10 year data for
brown shrimp vari abl es showed that TPWD Galveston Bay catch/effort
variables in the spring, spring zonal Ekman transport variables,
spring mean postlarval catch/tow variables, and spring postlarval
salinity variables, all of which were positively related to catch and
catch/effort, were the most important types of variables. In all cases,
four variables explained at least 93 percent of the variance in the
dependent variables. Inclusion of effort into these best fit 10 year
regression analyses did little to improve the fit of the models, due to
the number of environmental and recruitment variables that were closely
rel ated to catch and catch/effort. Only for area 18 was effort an
important variable in the final best fit equation, but the equation with
effort explained less variance in catch than did the one with effort
excluded.

Since most of the variables that were important in the 10 year best
fit regression equations were available for only the 10 year period,
the best fit regressions for the 18 year data were quite different,
and did not provide nearly as good predictive capabilities. Besides
effort, very few independent variables showed correlations stronger than
r = 0.50 with any dependent variables for the eighteen year period.

However, for several dependent variables, 90 percent of the variance was
explained by five or six variables, with the best fits seen for area 19.
As such, effort was not important in the best fit regression equation
for catch in area 19. For area 18 and espeCially area 19, 11-15 fm
depths, effort was the most important variable in the final equations,
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helping to provide a very good predictor model for catch in area 19,
11-15 fm depths.

For white shrimp, (one year) lagged and annual river discharge
and precipitation variables \'Iere strongly correlated with catch
and catch/effort during the 1964-1973 period. The difference in
the response of white and brown shrimp indices to discharge and
precipitation variables is impressive, with most variables showing
negative correlations for brown shrimp and postive correlations for
white shrimp. Although the correlations of white shrimp catch and
catch/effort variables with precipitation variables were lower than
those with discharge variables, catch and catch/effort in area 19
were strongly related to annual and April-June Freeport precipitation,
respectively. The importance of lagged variables may indicate a
preconditioning of the estuary system in one year for shrimping success
in the next year. As in the other categorical equations, shrimping
success indices in area 19, 11-15 fm depths, showed somewhat different
relationships to the set of independent variables (e.g., a negative
correlation with lagged annual discharge), and showed few strong
correlations with discharge and precipitation vaiables. Since this
spatial stratum is at the outer and western limits of the white shrimp
grounds, catch and catch/effort would be expected to be more variable
as compared to the subunits closer to shore.

Temperature and salinity variables which were used in the white
shrimp regressions were not closely related to shrimping success, with
few equati ons for any of the dependent vari abl es with greater than 50
percent of the variance explained. However, important salinity data
(i.e., TPWDestuarine studies) that were available for brown shrimp were
not collected on a systematic basis for white shrimp. The salinity
variables that were used in the white shrimp regressions were from the
BCF-NMFSpostl arval studi es conducted near Gal veston Entrance, and are
probably not indicative of conditions in the nursery areas. Temperature
would not be expected to be very important for predicting white shrimp
success because of the seasonality of their estuarine phase.

149



As was the case for sal i nity, the recruitment data set did not
include TPWDbay catch/effort data (as did the brown shrimp data set).
BCF-NMFS postlarval catch/tow variables for the summer months were
important predictor variables for catch in area 19 and for catch/effort
in all three spatial strata, being positively correlated with most
shrimping success indicators. However, the correlations were not strong
and, inmost cases, 1ess than 70 percent of the vari ance in whi te
shrimping success variables was explained by four or fewer independent
variables. Bay catch and bay effort variables (from GCSD) were very
important in several regressions, and, overall, were more important to
predicti ng white shrimp catch than brown shrimp catch for the ten year
period.

On of the most surprlslng results of this study was the importance
of wind, tide and Ekman transport vaiables in predicting white shrimp
catch and catch/effort. These equations provided the best fits for any
group of the categorical regression equations for white shrimp, with at
least 93 percent of the variance in white shrimp catch and catch/effort
in all spatial strata explained by three or fewer variables. While
these variables are very inexpensive to collect, the ecological basis
for their importance was not always clear, and their use in predicting
white shrimping success should be approached with caution. Since
several of the equations utilized variables from early in the year (June
to August) they might provide a means for an early prediction of white
shrimping success. Since white shrimp spawn close to shore, the effects
of winds, tides and Ekman transport variables on shrimping success
probab 1y i nvo1ved longshore current regimes (and longshore transport
of 1arvae) and/or an effect on the si ze of the nursery area in the
estuaries. The most important variables in most 10 year equations
were wind and tide variables, with only catch/effort in area 13 being
strongly (and negatively) correlated with an Ekman transport variable.

As in the case for brown shrimp, the 18 year (1960-1977) best
fit regression equations for white shrimp catch and catch/effort
were simi 1ar to those for the 10 year period (1964-1973), but with
considerably less variance explained. Unlike the situation for bra","
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shrimp, most variables that were important in the 10 year analyses
for white shrimp were also available for the 18 year period. Only
Ekman transport variables and BCF-NMFS postlaval catch/tow and salinity
variables were not available for the entire eighteen year period.
Therefore, as was also seen for brown shrimping success indicators, the
!elationship of these indices to environmental variables is less well
defined for the longer time period. The same factors which were put
forth to explain these trends for brown shrimping success variables
(i.e., inaccuracies in the data reporting early in the BCF-NMFS program
and the imposition of other (economic) factors in the mid 1970's) are
also put forth as the explanation for the same trends for white shrimp
variables. While wind and tide variables again explained the most
variance for most dependent variables, the amounts of explained variance
were considerably less than was seen for the ten year (1964-1973)
period.

The best fit equations for white shrimp catch and catch/effort
variables for the 10 year data set explained at least 96 pecent of
the variance with four or fewer variables. Becaue of this, effort was
not important for any of the final equations for the 10 year period.
The importance of wind, tide and Ekman transport variables in predicting
white shrimp catch was evident in these results, with precipitation and
discharge variables being of minor importance in these equations. For
catch/effort variables, wind, tide and Ekman transport variables were
1ess important, with 1agged annual regiona1 discharge being the most
important variable for areas 18 and 19.

At 1east for areas 18 and 19, effort was more important in the
equations based on the 18 year data set than in those for the 10 year
period, due mainly to the weaker relationships of catch variables with
environmental and recruitment variable for the 18 year period. The best
fit equations without effort genera 11y showed 1ess than 80 percent of
the variance in catch explained by four or fewer variables with effort
included. For area 19, the inclusion of effort did increase the amount
of explained variance in the final best fit equation, while for area
18, the total amount of explained variance actually decreased with the
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inclusion of effort. For catch/effort, a variety of variables were
important in the fi na1 best fit equat ions, i nc1udi ng annual and spri ng
precipitation, summer tide variables, several discharge variables and
GCSO bay catch/effort variables. Only for area 19,11-15 fm depths,
were lagged variables important in predicting white shrimp catch/effort.
In all three, equations, at least 85 percent of the variance in
catch/effort was explained by five independent variables.

The utility of these regression models in predicting brown and
white shrimping success and in testing the null hypothesis that there
are no significant impacts associated with brine discharge depends not
only on the amount of variance explained in the models (as expre$sed in
the size of the confidence intervals for the estimates from the model}
but also depends on the adequacy of the premi se upon which the models
are based. The models assume that variables other than brine disposal
which were not operative during the 10 or 18 year periods, and which
could impact shrimping success, are not operative during the years when
the effects of brine discharge are being tested. To utilize the models
for impact assessment, the estimated value of the particular dependent
variable is found by substituting the values of the relevant independent
variables for the year of brine discharge into the particular model,
using the slopes and intercepts from the regression models presented in
this report. Confidence limits are then calculated for this estimate
of the dependent vari ab1e, and the observed value for annual catch
is compared with the confidence intervals for the estimate. If the
observed value of Y falls outside the 95 percent confidence limits of
the expected value, the null hypothesis is rejected.

4.3 CLUSTER ANLYSIS

Results of the cluster analysis showed that years of good and
poor shrimping success (catch) could be differentiated based on those
variables identified as being important in the 10 year categorical
regressions for white and brown shrimp catch. For the 13 year record,
the dendrogram for brown shrimp did not show as clear a differentiation
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of good and poor catch years, while that based on white shrimp variables
was relatively successful in grouping IIgoodll and IIpoorll white shrimping
years. This is probably due to the availability of most of the
variables that were important for predicting white shrimp catch and
catch/effort during the 10 year period (1964-1973) for the 18 year
period (1960-1977) also. The mqjor problem for the brown shrimp
analyses involved the lack of salinity data for the entire 18 year
period.

Dendrograms resulting from the analysis of data sets including variables
important to both brown and white shrimping success generally resembled
the white shrimp dendrograms, but the dendrogram for the 1964-1973
period showed two outlier years (1964 and 1973) that exhibited similar
behavior in the brown shrimp analyses for the same time period.
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Table 1. Reference list of environmental and shrimp catch variables entered Into the
stepwise multiple regression analyses for annual brown shrimp total catch
and interview catch/effort.

Reference*
Number Variable

1. Annual brown shrimp total catch, area 19
2. Annual brown shrimp total catch, area 18
3. Annual brown shrimp interview catch, area 18
4. Annual brown shrimp interview catch, area 19
5. Annual white shrimp total catch, area 18
6. Annual white shrimp total catch, area 19
7. Annual brown shrimp total catch, area 19, 11-15 fathoms
8. Annual brown shrimp interview catch, area 19, 11-15 fathoms
9. Annual brown shrimp directed effort, area 18

10. Annual brown shrimp directed effort, area 19
11. Annual non-directed nominal expanded effort, area 18
12. Annual non-directed nominal expanded effort, area 19
13. Annual non-directed nominal expanded effort, area 19, 10-15 fathoms
14. Lagged annual brown shrimp total catch, area 18
15. Lagged annual brown shrimp total catch, area 19
16. Lagged annual brown shrimp interview catch, area 18
17. Lagged annual brown shrimp interview catch, area 19
18. Lagged annual brown shrimp total catch, area 19, 10-15 fathoms
19. Lagged annual brown shrimp interview catch, area 19, 10-15 fathoms
20. Lagged non-directed nominal interview effort, area 18
21. Lagged non-directed nominal interview effort, area 19
22. Lagged total non-directed nominal effort, area 19, 10-15 fathoms
23. Annual brown shrimp total bay catch, subareas 18.1-18.5
24. Annual brown shrimp total bay catch, subareas 19.1-19.8
25. Annual number of bay trips, subareas 18.1-18.5
26. Annual number of bay trips, subareas 19.1-19.6
27. Lagged annual brown shrimp total bay catch, subareas 18.1-18.5
28. Lagged annual brown shrimp total bay catch, subareas 19.1-19.8
29. Lagged number of bay trips, subareas 18.1-18.5
30. Lagged number of bay trips, subareas 19.1-19.8
31. Annual Mississippi River discharge
32. January-March Mississippi River discharge
33. April-June Mississippi River discharge
34. July-September Mississippi River discharge
35. October-December Mississippi River discharge
36. Lagged annual Mississippi River discharge
37. Annual Trinity River discharge
38. January-March Trinity River discharge
39. April-June Trinity River discharge40. July-September Trinity River discharge
41. October-December Trinity River discharge
42. March Trinity River discharge
43. April Trinity River discharge
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Table 1. continued

Reference*
Number Variable

44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.**
84.

May Trinity River discharge
Lagged annual Trinity River discharge
Annual Guadalupe River discharge
January-March Guadalupe River discharge
April-June Guadalupe River discharge
July-August Guadalupe River discharge
October-December Guadalupe River discharge
Lagged annual Guadalupe River discharge
Annual Atchafalaya River discharge
Lagged annual Atchafalaya River discharge
NOS March minimum density, Galveston Channel
NOS April minimum density, Galveston Channel
Annual precipitation, Freeport
January-March precipitation, Freeport
April-June precipitation, Freeport
July-September precipitation, Freeport
October-December precipitation, Freeport
March precipitation, Freeport
April precipitation, Freeport
May precipitation, Freeport
Lagged annual precipitation, Freeport
March minimum Trinity River temperature
April minimum Trinity River temperature
January NOS minimum temperature, Galveston Channel
February NOS minimum temperature, Galveston Channel
March NOS minimum temperature, Galveston Channel
April NOS minimum temperature, Galveston Channel
March NOS mean temperature, Galveston Channel
April NOS mean temperature, Galveston Channel
May NOS mean temperature, Galveston Channel
February fastest wind, Galveston
March fastest wind, Galveston
April fastest wind, Galveston
February fastest wind direction, Galveston
March fastest wind direction, Galveston
April fastest wind direction, Galveston
February NOS highest tide, Freeport
March NOS highest tide, Freeport
April NOS highest tide, Freeport
TPWD April primary bay average brown shrimp catch per effort,Ga 1veston Bay .
TPWD April secondary bay average brown shrimp catch per

effort, Galveston Bay
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Table 1. continued

Reference*
Number Variable

85.

86.
87.
88.

89.

90.
9!.
92.
93.

94.

95.
96.
97.
98.
99.

100.
101.
102.
103.

104.

105.

106.
107.
108.
109.
110.

111.

TPWD April tertiary bay average brown shrimp catch per
effort, Galveston Bay

TPWD April primary bay average brown shrimp catch per effort,
Matagorda Bay

TPWD April secondary bay average brown shrimp catch per
effort, Matagorda Bay

TPWD April tertiary bay average brown shrimp catch per
effort, Matagorda Bay

TPWD May primary bay average brown shrimp catch per effort,
Ga lveston Bay

TPWD May secondary bay average brown shrimp catch per effort,
Galveston Bay

TPWD May tertiary bay average brown shrimp catch per effort,
Galveston Bay

TPWD May primary bay average brown shrimp catch per effort,
Matagorda Bay

TPWD May secondary bay average brown shrimp catch per effort,
Matagorda Bay

iPWD May tertiary bay average brown shrimp catch per effort,
Matagorda Bay

February mean brown shrimp postlarval catch/tow, Galveston
entrance

March mean brown shrimp postlarval catch/tow, Galveston
entranceApril mean brown shrimp postlarval catch/tow, Galveston
entrance

TPWD March primary bay salinity, Galveston Bay
TPWD April primary bay salinity, Galveston Bay
TPWD March primary bay salinity, Matagorda Bay
TPWD April primary bay salinity, Matagorda Bay
Second half, February, minimum salinity, Galveston entrance

(postlarval data set)
First half, March, minimum salinity, Galveston entrance (postlarval

data set)
Second half March, minimum salinity, Galveston entrance

(postlarval data set)
First half April, minimum salinity, Galveston entrance

(postlarval data set)
TPWD March primary bay temperature, Galveston Bay
TPWD April primary bay temperature, Galveston Bay
TPWD March primary bay temperature, Matagorda Bay
TPWD April primary bay temperature, Matagorda Bay
Second half, February, minimum temperature, Galveston entrance

(postlarval data set)
First half, March, minimum temperature, Galveston entrance

(postlarval data set)
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Table 1. continued

Reference*
NlJmber Variable

112.

113.

114.
115.
116.
117.
118.
119.

Second half, March, minimum temperature, Galveston entrance
(postlarval data set)

Final half, April, minimum temperature, Galveston entrance
(postlarval data set)

February mean Ekman transport, zonal index
February mean Ekman transport, meridional index
March mean Ekman transport, zonal index
March mean Ekman transport, meridional index
April mean Ekman transport, zonal index
April mean Ekman transport, meridional index

* Detailed information on locations, units and sources of data is provided
in Table 3.

**Variables 83-119 are available for a common time period of 1964-1973.
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Table 2. Reference list of environmental and shrimp catch variables entered into the
stepwise multiple regression analyses for annual white shrimp total catch and
Interview catch/effort.

Reference*
Number Variable

1. Annual white shrimp total catch, area 18
2. Annual white shrimp total catch, area 19
3. Annual white shrimp interview catch, area 18
4. Annual white shrimp interview catch, area 19
5. Annual brown shrimp total catch, area 18
6. Annual brown shrimp total catch, area 19
7. Annual white shrimp total catch, area 19, 11-15 fathoms
8. Annual white shrimp interview catch, area 19 11-15 fathoms
9. Annual white shrimp directed effort, area 18

10. Annual white shrimp directed effort, area 19
11. Annual non-directed nominal expanded effort, area 18
12. Annual non-directed nominal expanded effort, area 19
13. Annual non-directed nominal expanded effort, area 19, 10-15 fathoms
14. Annual white shrimp total bay catch, subareas 18.1-18.5
15. Annual white shrimp total bay catch, subareas 19.1-19.8
16. Lagged annual white shrimp total catch, area 18
17. Lagged annual white shrimp total catch, area 19
18. Lagged annual white shrimp total catch, area 19, 11-15 fathoms
19. Lagged annual white shrimp interview catch, area 18
20. Lagged annual white shrimp interview catch, area 19
21. Lagged annual white shrimp interview catch, area 19, 11-15 fathoms
22. Lagged non-directed nominal interview effort, area 18
23. Lagged non-directed nominal interview effort, area 19
24. Lagged non-directed nominal interview effort, area 19, 11-15 fathoms
25. Lagged white shrimp total bay catch, subareas 18.1-18.5
26. Lagged white shrimp total bay catch, subareas 19.1-19.8
27. Annual number of bay trips, subareas 18.1-18.5
28. Annual number of bay trips, subareas 19.1-19.8
29. Lagged annual number of bay trips, subareas 18.1-18.5
30. Lagged annual number of bay trips, subareas 19.1-19.8
31. Annual Mississippi River discharge
32. January-March Mississippi River discharge
33. April-June Mississippi River discharge
34. July-September Mississippi River discharge
35. October-December Mississippi River discharge
36. Lagged annual Mississippi River discharge
37. Lagged October-December Mississippi River discharge
38. Annual Trinity River discharge
39. January-March Trinity River discharge
40. April-June Trinity River discharge
41. July-September Trinity River discharge
42. October-December Trinity River discharge
43. Lagged annual Trinity River discharge
44. Lagged October-December Trinity River discharge
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Table 2. continued

Reference*
Number Variable

45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.**

Annual Guadalupe River discharge
January-March Guadalupe River discharge
April-June Guadalupe River discharge
July-September Guadalupe River discharge
October-December Guadalupe River discharge
Lagged annual Guadalupe River discharge
Lagged October-December Guadalupe River discharge
Annual Atchafalaya River discharge
Lagged annual Atchafalaya River discharge
Annual precipitation, FreeportJanuary-March precipitation, Freeport
April-June precipitation, Freeport
July-September precipitation, Freeport
October-December precipitation, Freeport
Lagged annual precipitation, Freeport
Lagged July-September precipitation, Freeport
Lagged October-December precipitation, Freeport
January NOS minimum temperature, Galveston Channel.
February, NOS minimHm temperature, Galveston Channel
Number of days >90 of, April-June, Freeport
Number of days >90 F, July-September, Freeport
Mean fastest wind, April-June, Galveston
Mean fastest wind, July-September, Galveston
June fastest wind, Galveston
July fastest wind, Galveston
August fastest wind, Galveston
September fastest wind, Galveston
October fastest wind, Galveston
Mean fastest wind direction, April-June, Galveston
Mean fastest wind direction, July-September, Galveston
June fastest wind direction, Galveston
July fastest wind direction, Galveston
August fastest wind direction, Galveston
September fastest wind direction, Galveston
October fastest wind direction, Galveston
Mean highest tide, April-June, Freeport
Mean highest tide, July-September, Freeport
June highest tide, Freeport
July highest tide, Freeport
August highest tide, FreeportSeptember highest tide, Freeport
October highest tide, Freeport
June mean white shrimp postlarval catch/tow, Galveston entrance
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Table 2. continued

Reference*Number Variable

88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

100.
101.

July mean white shrimp postlarval catch/tow, Galveston entrance
August mean white shrimp postlarval catch/tow, Galveston entranceJune minimum salinity, Galveston entrance (postlarval data set)
June maximum salinity, Galveston entrance (postlarval data set)
July minimum salinity, Galveston entrance (postlarval data set)
July maximum salinity, Galveston entrance (postlarval data set)
August minimum salinity, Galveston entrance (postlarval data set)
August maximum salinity, Galveston entrance (postlarval data set)
June mean Ekman transport, zonal index
June mean Ekman transport, meridional index
July mean Ekman transport, zonal index
July mean Ekman transport, meridional index
August mean Ekman transport, zonal index
August mean Ekman transport, meridional index

* Detailed information on locations, units and sources of data is provided in
Table 4.

**Variables 87-101 only available for a common time period of 1964-1973.
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Table 3. Detailed locations, units and sources of variables entered into the stepwise
multiple regression analyses for annual brown shrimp total catch and inter·
view catch/effort.

Variables:* Shrimp catch and effort.
Reference Numbers:** 1-30
Location: Statistical areas 18, 19 and 19, 11-15 fathom depths foroffshore catch, effort and catch/effort. Statistica1

areas 18.1-18.5 and 19.1-19.8 for inshore (bay) catchand effort.
Units: Offshore catch = pounds, heads-off4x 10-5; inshore (bay)

catch = pounds, heads-off x 10- ; offshore jffort =
number of days fished; bay effort = trips x 10- •

Source: Summaries prepared from the detailed historic Gulf
Coast Shrimp Data reported by the Bureau of COlTlTlercia1
Fisheries (BCF) and National Marine Fisheries Service
(NMFS). Bay catch values were obtained from Gulf Coast
Shrimp Data (GCSD) annual summaries published by BCF
and NMFS. The annual total offshore effort (in days)
was expanded to the total catch from the lnterview data
using the total catch/interview catch ratio.

Variables: Mississippi River discharge.
Reference Numbers: 31-36
Location: U.S. Army Corps of Engineers (COE) gaging station at

Tarbert Landing, Mississippi.
Units: Sum of the daily discharge rate (cfs x 10-6).
Source: Monthly and annual summaries obtained from the New

Orleans District, COE, New Orleans, La.
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Table 3. continued

Variables:
Reference Numbers:
Location:

Units:
Missing Values:

Source:

Variables:
Reference Numbers:
Location:
Units:
Source:

Variables:
Reference Numbers:
Location:
Units:

Missing Values:
Source:

Trinity and Guadalupe River discharge.
37-51
United States Geological Survey (USGS) Station No.
8066500, Trinity River at Romayor, Texas and USGS
Station No. 8176500, Guadalupe River at Victoria, Texas.
Acre feet x 10-4•
Monthly means were substituted for missing values of
October-December, 1977.
Data were extracted from the Monthly Data Systems of
the Texas Water Oriented Data Bank by Texas Natural
Resources Information System (TNRIS).

Atchafalaya River discharge.
52-53
COE Station at Simmesport, Louisiana.
Sum of the daily discharge rate (cfs x 10-6).
Data table published in Gunter, G. (1979).

National Ocean Survey (NOS) minimum density.
54-55
NOS Tide Station No. 877-1450, Galveston Channel.
Specific gravity at3 150C (transformed by (specific
gravity - 1.000) x 10 ).
No data for April 1977.
Data obtai ned from the NMFS Marine Resource Monitori ng
Assessment and P'rediction (MARMAP) information sys-tem, NMFS NEFC, Atlantic Environmental Group (AEG),
Narragansett, Rhode Island.
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Table 3. continued

Variables:
Reference Numbers:
Location:
Units:
Source:

Variables:
Reference Numbers:
Location:
Units:
Missing Values:
Source:

Variables:

Reference Numbers:
Location:
Units:
Missing Values:
Source:

Preci pitation
56-64
National Weather Service Station, Freeport, Texas.
Inches.
Prepared from Tape Data Set 9924, monthly data received
from NOAA National Climate Center, Asheville, N.C.

River temperature.
65-66
USGS Station NO. 8066500, Trinity River.
Degrees centigrade (oC)
Missing values for 1960 and 1966.
Prepared from daily water temperature data obtained from
Texas Natural Resource Information System.

Nationa1 Ocean Survey (NOS) mean and minimum tempera-
ture.
69-73
NOS Tide Station No. 877-1450, Galveston Channel.
Degrees centigrade (oC)
No mean data for April 1977.
Data obtained from NMFS Marine Resource Monitoring
Assessment and Prediction (MARMAP) Information System,
NMFS, NEFC, Atlantic Environmental Group (AEG),
Narragansett, Rhode Island.
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Table 3. continued

Variables:
Reference Numbers:
Location:

Units:

Missing Values:
Source:

Variables:
Reference Numbers:
Location:
Units:
Source:

Variables:

Reference Numbers:
Location:

Units:

Fastest wind speed and direction.
74-79
National Weather Service Station, Galveston, Texas and
Galveston airport.
Fastest wind = miles per hour; direction = degree from
North.
No data for February 1965.
Climatological data for Texas. Monthly summaries
published by Environmental Data and Information Services
(EDIS), NOAA.

Highest tide.
80-82
NOS Tide Station No. 877-2440, Freeport.
Feet below benchmark.
NOS complete tidal summaries from the Tidal Datums and
Information Branch, Rockville, MD.

Texas Parks and Wildlife Department (TPWD) bay
catch/effort, salinity and temperature.
83-94, 98-101, 106-109.
Primary, secondary, and tertiary bays in Galveston and
Matagorda Bay complexes.
Number of individua1s per eSfort (trawl), parts per
thousand, degrees centigrade ( C).
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Table 3. continued

Missing Values:

Source:

Missing values were not included in the calculation
of monthly average catch per effort. Missing
values for March 1962 (Galveston Bay salinity), March
1972 (Matagorda Bay salinity), March and April 1963
(Galveston Bay temperature) and March 1966 (Galveston
Bay temperature).
Data taken from tables and figures of the Annual
Coastal Fisheries Project Reports of the Texas Parks and
Wildlife Department.

Variables: BCF-NMFS postlarval shrimp catch/effort, salinity,
temperature.

Reference Numbers: 95-97, 102-105, 110-113.
Location:
Units:

Entrance to Galveston Bay.
Number of individu~ls per tow; parts per thousand;
degrees centigrade ( C).

Source: Variables were prepared from data obtained from
postlarval studies, NMFS, SEFC, Galveston Labs.

Variables: Ekman transport.

Units:
Source:

Location:
Reference Numbers: 114-119

270N _ 960W
Metric tons per second per kilometer (T/s-1/km-1).
Data obtained from NMFS, Ga1veston Laboratory. These
data were originally summarized into monthly averages
from model output produced by the Pacific Environmental
Group (PEG), NMFS, Monterey, California.

* See Table 5 for variable names and labels.
**See Table 1.
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Table 4. Oetailed locations, units and sources of variables entered into the stepwise
multiple regression analyses for annual white shrimp total catch and interview
catch/effort.

Variables:* Shrimp catch and effort.
Reference Numbe~s:** 1-30
Location: Statistical areas 18, 19 and 19, 11-15 fathom depths foroffshore catch, effort, and catch/effort. Statistical

areas 18.1-18.5 and 19.1-19.8 for inshore (bay) catch
and effort.

Units: Offshore catch = pounds, heads-of!4x 10-5; inshore (bay)
catch = pounds, heads-off x 10 ; offshore jffort =
number of days fished; bay effort = trips x 10- •

Source: Summaries prepared from the detailed historical Gulf
Coast Shrimp Data reported by the Bureau of COll1l1ercial
Fisheries (BCF) and National Marine Fisheries Service
(NMFS). Bay catch values were obtained from Gulf Coast
Shrimp Data (GCSD) annual summaries published by BCF
and NMFS. The annual total offshore effort (in days)
was expanded to the total catch from the interview data
using the total catch/interview catch ratio.

Variables: Mississippi River discharge.
Reference Numbers: 31-36
Location: U.S. Army Corps of Engineers (COE) gaging station at

Tarbert Landing, Mississippi.
Units: Sum of the daily discharge rate (cfs x 10-6).
Source: Monthly and annual summaries obtained from the New

Orleans District, COE, New Orleans, La.
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Table 4. continued

Variables:
Reference Numbers:
Location:

Units:
Missing Values:

Source:

Variables:
Reference Numbers:
Location:
Units:
Source:

Variables:
Reference Numbers:
Location:
Units:
Missing Values:

Source:

Trinity and Guadalupe River discharge.
37-51
United States Geological Survey (USGS) Station No.
8066500, Trinity River at Romayor, Texas and USGS
Station No. 8176500, Guadalupe River at Victoria, Texas.
Acre feet x 10-4•
r~onthly means were substituted for missing values
October-December, 1977.
Data were extracted from the Monthly Data Systems of
the Texas Water Oriented Data Bank by Texas Natural
Resources Information System (TNRIS).

Atchafalaya River discharge.
52-53
CaE Station at Simmesport, Louisiana.
Sum of the daily discharge rate (cfs x 10-6).
Data table published in Gunter, G. (1979).

Precipitation; number of days >90oF.
54-61, 64-65
National Weather Service Station, Freeport, Texas.
Inches; days
No data for Apri l-SePJember 1962, and Apri l-June 1966
for number of days >90 F.
Prepared from Tape Data Set 9924, monthly data received
from the National Climate Center, Asheville, N.C.
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Table 4. continued

Variables:
Reference Numbers:
Locati on':
Units:
Source:

Vari ables:
Reference Numbers:
Location:

Units:

Source:

Variables:
Reference Numbers:
Location:
Units:
Missing Values:

Source:

National Ocean Survey (NOS) minimum temperature.
62-63
NOS Tide Station No. 877-1450, Galveston Channel.
Degrees centigrade (oC)
Data obtai ned from the NMFS Mari ne Resource Monitori ng
Assessment and Prediction (MARMAP) Information System,
NMFS, NEFC, Atlantic Environmental Group (AEG),
Narragansett, Rhode Island.

Fastest wind speed and direction.
66-79
National Weather Service Station, Galveston, Texas and
Galveston airport.
Fastest wind = miles per hour; direction = degrees from
North.
Climatological Data for Texas. Monthly summaries
published by Environmental Data and Information Service
(EDIS), NOAA.

Highest tide.
80-86
NOS Tide Station No. 877-2440, Freeport.
Feet below benchmark.
No data for September 1961, June-October 1966, and
October 1970.
NOS comp1ete t ida1 summa ries from the Tida1 Datums andInformation Branch, Rockville, MD.
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Table 4. continued

Variables:
Reference Numbers:
Location:
Units:
Source:

BCF-NMFS postlarval shrimp catch/effort and salinity.
87-95
Entrance to Galveston Bay.
Number of individuals per tow; parts per thousand.
Variables were prepared from data obtai ned from
postlarval studies, NMFS, SEFC, Galveston Labs.

Variables: Ekman transport.

Units:
Source:

Location:
Reference Numbers: 96-101

270N _ 960W
Metric tons per second per kilometer (T/s-1/km-1).
Data obtained from NMFS, Galveston Laboratory. These
data were originally summarized into monthly averages
from model output produced by the Pacific Environmental
Group (PEG), NMFS, Monterey, California.

* See Table 5 for variable names and labels.
**See Table 1.
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Table 5. Wst of variable labels, variable numbers and reference num~ers for cross·
referencing of computer generated data products to reference hst and support
information for brown shrimp ten (1964-1973) and eighteen year (1960-1977)
data sets.

VarIable Refer-enee Va/"'fable Refer-enea
nlllll8 VarIable label number- nallle Var-Iable label number-

VARI TOT CAT 19 1 VAR61 APR TPWO GAL SAL 99
VAR2 TOT CAT 18 2 VAR62 MAR TPWO MAT SAL 100
VAR3 LAG TOT CAT 19 15 VAR63 APR TPWO MAT SAL 101
VAR4 LAG TOT CAT 18 14 VAR64 2ND FEe POSTLAV ~IlN SAL 102
VAR5 BRN EFF 19 10 VAR65 1ST MAR POSTlAV MI N SAL 103
VAR6 BRN EFF 18 9 VAR66 2ND MAR POSTlAV MIN SAL 104
VAR7 INT CAT 19 4 VAR67 1ST APR POSTLAV MIN SAL 105
VAR8 INT CAT 18 3 VAR68 MAR TPWD GAL TEMP 106
VAR9 LAG INT CAT 19 17 VAR69 APR !?WO GAL TEMP 107
VAR10 LAG INT CAT 18 16 '/AR70 MAR TPWO MAT TEMP 108
VARll ANNUAL MISS DIS 31 VAR71 APR TPWO MAT TEMP 109
VAR12 ANNUAL TRIN DIS 37 VAR72 2ND FEe POSTLAY MIN TEMP 110
VAR13 ANNUAL FRE PREC 56 '/AR73 1ST MAR POSTLAV MIN TEMP 111
VARl' JAN-MAR TRIN DIS 38 VAR74 2ND MAR POSTlAV 14 I N TEMP 112
VAR15 APR-JUN TRIN DIS 39 VAR75 1ST APR POSTLAY MIN TEMP 113
VAR16 JAN-MAR MISS DIS 32 VAR76 FEe EKMAN ZONAL INO 114
VAR17 APR-JUN 1.fISS DIS 33 VAR77 FEe EKMAN MER 10. INO 115
VAR18 JAtfooMAR FRE PREC 57 '/AR78 MAR EKMAN ZONAL I NO 116
VAR19 APR-JUN FRE PREC 58 VAR79 MAR EKMAN MERI D. I NO 117
VAR20 MAR TRIN MIN TEMP 65 VAR80 APR EKMAN ZONAL IND 118
VAR21 APR TRIN MIN TEMP 66 VAR81 APR EKMAN MERI D. I NO 119
'/AR22 MAR NOS GAL 14 I N TEMP 69 VAR82 JUL-SEP MISS DIS 34
VAR23 APR NOS GAL MIN TEMP 70 VAR83 OCT-DEC MISS DIS 35
VAR24 MAR NOS GAL MI N DEN 54 VAR84 JUL-SEP TRIN DIS 40
VAR2' APR NOS GAL MI N DEN 55 VAR8S OCT-DEC TRIN DIS 41
VAR26 MAR NOS FRE HI TIDE 81 VAR86 APR-JUN GUAD DIS 48
VAR27 APR NOS FRE HI TIDE 82 VAR87 JUL-SEP GUAD DIS 49
VAR28 MAR GAL FASTEST 'If I NO 75 VAR88 Ocr-DEC QUAD DIS 50
'/AR29 APR GAL FASTEST 'II INO 76 VAR89 JUL-SEP FRE PREC 59
VAR30 MAR GAL FAST'll IND DIR 78 VAR90 OCT-DEC FRE PREC 60
VAR31 APR GAL FAST WINO DIR 79 VAR91 TOT CAT 19 DP'Tli 3 7
VAR32 WHT TOT CAT 19 6 VAR92 INT CAT 19 DP'Tli 3 8
VAR33 WHT TOT CAT 18 5 VAR93 LAG TOT CAT 19 DP'Tli 3 18
VAR34 LAG BRN EFF 19 2t VAR94 LAG INT CAT t9 DP'Tli 3 19
VAR35 LAG BRN EFF 18 20 VAR95 TOT INT EFF 19 DP'Tli 3 13
VAR36 JAN NOS GAL MIN TEMP 67 VAR96 LAG TOT I NT EFF 19 DP'Tli 3 22
VAR37 FEe NOS GAL MI N TEMP 68 VAR97 BAY CAT 18 23
VAR38 ANNUAL GUAD D I S 46 VAR98 BAY CAT 19 24
VAR39 LAG ANNUAL MISS DIS 36 VAR99 BAY TRIPS 18 25
VAR40 LAG ANNUAL TRIN DIS 45 VAR100 BAY TRIPS 19 26
VAR41 LAG ANNUAL FRE PREC 64 VARtOt LAG BAY CAT 18 27
VAR42 LAG ANNUAL GUAD DI S 51 VAR102 LAG BAY CAT 19 28
VAR43 ANNUAL ATCH D I S 52 VARt03 LAG BAY TRIPS 18 29
VAR44 LAG ANNUAL ATCH DIS 53 VAR104 LAG BAY TRIPS 19 30
VAR4S APR TPWO PRI GAL CAT-EFF 83 VAR10S TOT INT EFF t8 tl
VAR46 APR TPWO SEC GAL CAT-EFF 84 VAR106 TOT INT EFF 19 12
VAR47 APR TPWO TER GAL CAT-EFF 8S VAR107 JAM-MAR GUAD 0 I S 47
VAR48 APR TPWO PRI MAT CAT-EFF 86 VAR108 MAR FRE PREC 61
VAR49 APR TPWO SEC MAT CAT-EFF 87 VAR109 APR FRE PREC 62
VARSO APR TPWO TER MAT CAT-EFF 88 VARll0 MAY FRE PREC 63
VARSt MAY TPWO PR I GAL CAT-EFF 89 VAR111 MAR TRIN olS 42
VARS2 MAY TPWO SEC GAL CAT-Er'r 90 VAR112 APR TRIN DIS 43
VARS3 MAY TPWO TE.~ GAL CAT-EFF 91 VARlt3 MAY TRIN DIS 44
VARS4 MAY TPWD PRI "'AT ~T-EFF 92 VAR114 FEe FRE HI TIDE 80
VAR" MAY TPWO SEC >,fAT CAT-EFF 93 VARns FEe GAL FASTEST 'If I NO 74
VARS6 MAY TPWO T!R "'AT CAT-EFF 94 VAR116 FEe GAL FAST WIND DIR n
'/ARS7 FEe POSTLARVAL CAT-TOW 9S VAR117 MAR NOS GAL MEAN TEMP 71
VARS8 MAR POSTLARVAL CAT-TOW 96 VARt18 APR NOS GAL MEAN TEMP 7Z
'IARS9 APR POSTLARVAL CAT-TOW 97 VAR119 MAY NOS GAL MEAN TEMP 73
VAR60 MAR TPWO GAL SAL 98
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Table 5 continued

Variable Reference
name Variable label number Variable nllllle

XE18 EXP TOT EFF 18 • EXPANDEDTOTAL ANNUAL EFFORT IN AREA 18
XE19 EXP TOT EFF 19 llPTH • EXPANDEDTOTAL ANNUALEFFORT IN AREA 19
XE193 EXP TOT EFF 193 • EXPANDEDTOTAL ANNUALEFFORT IN AREA 19, 11-15 FATHOMDEPllIS
CTEFI8 CAT-EFF 18 • ANNUALBROWtlSIfRIMP CATat/EFFORT IN AREA 18
CTEFI9 CAT-EFF 19 • ANNUALBROWNSIfRIMP CATaVEffORT IN AREA 19
CTEF193 CAT-EFF 193 • ANNUALBROWNSHRIMP CATaVEFFORT IN AREA 19, 11-15 FAllIOM DEPTHS

•..... BCE18 BAY CAT-TRIP • ANNUALBROWNSHRIMP BAY CATat/EFfORT IN AREA 18
00 BCEI9 BAY CAT-mIP 19 • ANNUALBROWNSHRIMP BAY CATat/EFFORT IN AREA 19(Xl

BCEL18 LAG BAY CAT-mIP 18 • ANNUAL LAGGEDBROWNSIIRIMP BAY CATat/EFFORT IN AREA 18
BCEL19 LAG BAY CAT-mIP 19 • ANNUALLAGGEDBROWNSIIRIMP BAY CATat/EFFORT IN AREA 19

'VARIABLES COMPUTEDFROMVARIABLES WITH REFERENCENU~BERS 1-30 IN TABLE 3.



Table 6. List of variable labels, variable numbers and reference numbers for cross·
referencing of computer generated data products to reference list and support
information for white shrimp ten year (1964-1973)and eighteen year (196()'1977)
data sets.

VarIable Reter-ence VarIable Retec-8nce
nlllM VarIable label nUlllbel" name VarIable labe' nUlllbec-

VARl TOT CAT 19 2 VWt ANNUAL ATOi 015 52
VAA2. TOT CAT 18 1 VAR52 LAG ANNUAL ATOi 015 53
VW LAG TOT CAT 19 17 VARS3 JUN POSTI.ARVAL CAT-TOW 87
VAR4 LAG TOT CAT 18 16 VAR54 JUL POSTI.ARVAL CATOi-TOW 88
VAA'J WHT EFF 19 10 VW'J AUG POSTI.ARVAL CATOi-TOW 89
VAR6 WHT EFF 18 9 VAR'J6 JUN POSilAV MIN SAL 90
VAR7 INT CAT 19 4 VAR'J7 JUN POSTt.AV MAX SAL 91
VAR8 INT CAT 18 3 VW8 JUL POSilAV MIN SAL 92
VAR9 LAG INT CAT 19 20 VAR59 ~UL POSTt.AV MAX SAL 93
VAAl 0 LAG INT CAT 18 21 VAA60 AUG POSTt.AV MIN SAL 94
VAA11 LAG WHT EFF 19 23 VAR61 AUG POSTt.AV MAX SAL 95
VAR12 LAG WHT EFF 18 22 VAR62 JUN EKMAN ZONAL INO 96
VAR13 SRN CAT 19 6 VAR63 JUN EKMAN MERlO. INO 97
VAR14 SRN CAT 18 5 VAR64 JUL EKMAN ZONAL I NO 98
VARtS ANNUAL MISS OIS 31 VAR6S JUL EKMAN MERlO. 'NO 99
VAR16 ANNUAL GUAD 0 I S 45 VAA66 AUG EKMAN ZONAL INO 100
VAR17 ANNUAL TRIN 015 38 VAR67 AUG EKMAN MERlO. rNO 101
VAAt8 APR-JUN MISS OIS 33 VAR68 TOT CAT 19 0P11i 3 7
VAA19 JUL-SEP MISS 015 34 VAR69 INT CAT 19 0P11i 3 8
VAA2.0 ocr-OEC MISS 015 35 VAR70 LAG TOT CAT 19 0P11i 3 18
VAA2.1 APR-JUN GUAD 0 I S 47 VAR71 LAG INT CAT 19 0P11i 3 21
VAR22 ocr-OEC GUAD 015 49 VAR72 TOT I NT EFF 19 0P11i 3 13
VAAZ3 JUL-SEP TRIN OIS 41 VAR73 LAG TOT I NT EFF 19 0P11i 3 24
VAA2.4 ocr-OEC TRIN 015 42 VAR74 TOT INT EFF 18 11
VAR25 ANNUAL FRE ?REC 54 VAR75 TOT INT EFF 19 12
VAA2.6 APR-JUN FRE PREC 56 VAR76 BAY mlPs 18 Z7
VAR27 JUL-SEP FRE PREC ~ VAR77 SAY mlPs 19 28
VAA2.8 ocr-OEC FRE PREC 58 VAR78 LAG BAY mlPS 18 29
VAR29 APR-JUN FRE DAYS GT 90 F 64 VAR79 LAG BAY mlPs 19 30
VWO JUL-SEP FRE DAYS GT 90 F 65 VAR80 JAN-MAR MISS 015 32
VWl APR-JUN GAL MEAN FASI&:ST WI NO 66 VAR81 JAN-MAR mlN OIS 39
VW2 JUL-SEP GAL MEAN FASTEST IfINO 67 VAR82 JAN-MAR FRE PREC 55
VW3 APR-JUN FRE MEAN HI TIDE 80 VAR83 LAG OCT-DEC MISS OIS 37
VW4 JUL-SEP FRE MEAN HI TIDE 81 VAR84 LAG ocr-OEC mlN OIS 44
VWS APR-JUN GAL MEAN FAST WIND DIR 73 VAR85 LAG ocr-OEC GUAD 015 51
VW6 JUL-SEP GAL MEAN FAST WIND OIR 74 VAR86 JAN-MAR GUAD DIS 46
VW7 LAG ANNUAL MISS OIS 36 VAR87 JUNE GAL FASTEST WI NO 68
VAR38 LAG ANNUAL GUAD 0 I 5 50 VAR88 JUL GAL FASTEST WIND 69
VW9 LAG ANNUAL mlN 015 43 VAR89 AUG GAL FASTEST WINO 70
VAR40 JAN NOS GAL MIN TEMP 62 VAR90 SEP GAL FASTEST \III NO 71
VAR41 FEe NOS GAL 101 I N TEMP 63 VAR9t OCT GAL FASTEST \III NO 72
VAR42 LAG ANNUAL FRE PREC 59 VAR92 JUN GAL FAST WIND OIR 75
VAR43 LAG JUL-SEP FRE PREC 60 VAA93 JUL GAL FAST WIND OIR 76
VAR44 LAG ocr-oec FRE PREC 61 VAA94 AUG GAL FAST WINO OIR 77
VAR4S APR-JUN mlN OIS 40 VAR95 SEP GAL FAST WIND OIR 78
VAR46 JUL-SEP GOAD OIS 48 VAR96 ocr GAL FAST 'IIINO OIR 79
VAR47 BAY CAT 19 " VAR97 JUN FRE HI TIDE 82
VAR48 BAY CAT 18 14 VAR98 JUL FRE HI TIDE 8.3
VAR49 LAG SAY CAT 19 26 VAR99 AUG FRE HI TIDE 84
VARSO LAG BAY CAT 18 2' VAR100 SEP FRE HI TIDE 8'

VAR101 ocr FRE HI TIDE 86
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Table 6 continued

VlIrlable
name

XEI8
XE19
XE193
CTEF18
CTEF19
CTEF193
WCEI8
WCE19
WCELl8
WCELl9

VlIrlable label

EXP TOT-EFF 18
EXP TOT-EFF DPnI 19
EXP TOT-EFF 193
CAT EFF 18
CAT EFF 19
CAT EFF OPnI 193
BAY CATCH-TRIP 18
BAY CATCH-TRIP 19
lAG BAY CAT-TRIP 18
LAG BAY CAT-TRIP 19

Reference
number

••••••••••

VlIrlable name

EXPANDEDTOTAL ANNUAL EFFORT IN AREA 18
EXPANDEDTOTAL ANNUAL EFFORT IN AREA 19
EXPANDEDTOTAL ANNUAL EFFORT IN AREA 19, 11-15 FATHONDEPmS
ANNUAL WHITE SHRIMP CATCH/EFFORT IN AREA 18
ANNUAL WHITE SHRIMP CATCH/EFFORT IN AREA 19
ANNUAL W1-IITESHRIMP CATCH/EFFORT IN AREA 19, 11-15 FAmOM DEPnlS
ANNUAL WHITE SHRIMP BAY CATCH/EFFORT IN AREA 18
ANNUAL WHITE SHRIMP DAY CATCH/EFFORT IN AREA.19
LAGGEDANNUAL WHITE SltRlMP CATCH/EFFORT IN AREA 18
LAGGEDANNUAL WHITE SHRIMP CATCH/EFFORT IN AREA 19

.VARIABLES COMPUTEDFROM VARIABLES wlm REFERENCENUM3ERS1-30 IN TABLE 4.



Table 7. Summary statistics for white and brown shrimp total monthly catch (pounds, heads off,
untransformed data) in area 19 for the eighteen year (1960· 19n) data set.

White Brawn

Observations 216 216
Mean 1.85 x 105 9.24 X 105

Std. Error of Mean 1.35 x 104 7.84 X 104

Std. Deviation 1.98 x 105 1.15 X 106

Coeff. of Variation 106.9 124.7
Range of Values 1.13 x 106 5.17 X 106

Table 8. Summary statistics for white and brown shrimp total monthly catch (pounds, heads off
transformed data) in area 19 for the eighteen year (1960· 19n) data set. '

White Brawn

Observations 216 216
Mean 11.55 12.90
Std. Error of Mean 8.75 x 10-2 9.5 X 10-2

Std. Deviation 1.29 1.39
Coeff. of Variation 11.13 10.8
Range of Values 9.33 5.4
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Table 9. Autocorrelations for brown shrimp total monthly catch (pounds, heads off) in area 1
the eighteen year (1960 • 1977) data set.

Lags Autocorrelation Estimates

1-10 0.78 0.44 0.04 -0.03 -0.61 -0.70 -0.59 -0.32 0.04
Std. Error 0.07 0.10 0.11 0.11 0.11 0.13 0.15 0.16 0.16
11-20 0.66 0.77 0.64 0.35 0.03 -0.28 -0.50 -0.62 -0.52
Std. Error 0.16 0.18 0.19 0.20 0.20 0.20 0.20 0.21 0.22
21-30 -0.01 0.30 0.59 0.70 0.62 0.37 0.04 -0.27 -0.51
Std. Error 0.23 0.23 0.23 0.23 0.24 0.25 0.25 0.25 0.26
31-36 -0.56 -0.35 -0.05 0.27 0.54 0.66
Std. Error 0.27 0.27 0.27 0.27 0.28 0.28

Table 10. estimation of the parameters of the final ARIMA model for brown shrimp total
monthly catch (pounds, heads off) in area 19 for the eighteen year (1960·1977)
data set.

Parameter

al

Estimate

0.58
-0.64
-0.52

Std. Error

0.05
0.06
0.06

95% Confidence Limits

0.48 to 0.69
-0.75 to -0.53
-0.63 to -0.40

Residual Standard Error 0.52
Transformed Data Standard Error 1.93
Explained Var~at;on 73%

192



Table 11. Autocorrelatlons of the residuals from the ARIMA model for brown shrimp
total monthly catch (pounds, heads off) In area 19 for the eighteen year
(196()'1977) data set.

Lags Autocorrelation Estimates

1-10 0.00 0.03 -0.03 -0.02 -0.14 0.06 -0.03 0.10 0.16 0.13
Std. Error 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.07
11-20 -0.03 -0.05 -0.08 -0.02 0.06 0.02 0.16 0.01 0.08 0.11
Std. Error 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
21-30 0.03 -0.11 0.11 -0.11 0.03 0.05 -0.03 -0.02 0.11 0.01
Std. Error 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
31-36 -0.03 -0.02 -0.03 -0.06 -0.03 -0.17
Std. Error 0.07 0.07 0.07 0.07 0.07 0.07
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Table 12. Observed and predicted values (from ARIMA model) for brown shrimp total
monthly catch (pounds, heads off) in area 19 for 1917.

Month Observed Estimated

205 36,920 94,765
206 43,785 106,136
207 47,592 85,467
208 89,337 60,220
209 109,597 70,507
210 208,916 293,256
211 2,962,260 1,426,660
212 2,468,980 1,422,380
213 939,033 889,423
214 804~899 522,080
215 1,462,700 303,244
216 813,108 163,305
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Table 13. Forecast values for brown shrimp total monthly catch (pounds, heads off) in
area 19 from the ARIMA models (with confidence limits) for 1978.

Month Forecast 90% Confidence Limits 50% Confidence Limits

217 99,682 38,965 to 255,016 67,818 to 146,518
218 66,933 25,144 to 178,173 44,802 to 99,997
219 66,966 24,828 to 180,622 44,583 to 100,587
220 46,979 17,341 to 127,275 31,219 to 70,694
221 84,348 31,087 to 228,858 56,018 to 127,004
222 ~00,690 110,765 to 816,271 199,656 to 452,851
223 2,158,950 795,157 to 5,861,840 1,433,430 to 3,251,700
224 2,056,760 757,472 to 5,584,690 1,365,540 to 3,097,850
225 1,065,330 392,335 to 2,892,730 707,296 to 1,604,590
226 756,846 278,727 to 2,055,110 502,487 to 1,139,960
227 655,173 241,283 to 1,779,040 434,984 to 986,823
228 357,125 126,147 to 1,011,030 233,083 to 547,181
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Table 14. Autocorrelations for white shrimp total monthly catch (pounds, heads off) in
area 19 for the eighteen year (1960·1977)data set.

Lags Autocorrelation Estimates

1-10 0.53 0.20 -0.06 0.04 0.07 0.08 0.01 -0.07 -0.17
Std. Error 0.07 0.08 0.09 0.09 0.09 0.09 0.09 0.09 0.09
11-20 0.19 0.38 0.17 -0.01 -0.16 -0.08 0.01 0.05 0.05
Std. Error 0.09 0.09 0.10 0.10 0.10 0.10 0.10 0.10 0.10
21-30 -0.17 -0.01 0.17 0.38 0.17 0.01 -0.12 -0.05. 0.05
Std. Error 0.10 0.10 0.10 0.10 0.11 0.11 0.11 0.11 0.11
31-36 0.08 -0.04 -0.16 0.02 0.24 0.42
Std. Error 0.11 O.ll 0.11 0.11 0.11 0.11

Table 15. estimation of the parameters of the final ARIMA model for white shrimp total
monthly catch (pounds, heads off) in area 19 for the eighteen year (1960.1977)
data set.

Parameter

b1

Estimate

0.56
0.11
0.95

Std. Error

0.06
0.06
0.03

95% Confidence Limits

0.43 to 0.68
-0.02 to 0.23
0.89 to 1.00

Residual Standard Error 0.74
Transformed Data Standard Error 1.65
Explained Variation 55%
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Table 16. Autocorrelatlons of the residuals from the ARIMA model for white shrimp total
monthly catch (pounds, heads off) in area 19 for the eighteen year (1960·1977)
data set.

Lags Autocorrelation Estimates

1-10 -0.01 -0.03 -0.06 0.11 -0.02 -0.03 -0.06 0.09 0.03 0.04
Std. Error 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.07 0.07
11-20 -0.01 -0.03 0.03 -0.06 0.01 0.01 -0.03 -0.07 0.12 0.00
Std. Error 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
21-30 0.03 -0.02 -0.01 -0.01 0.00 -0.04 0.08 0.00 0.01 -0.04
Std. Error 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
31-36 0.10 0.06 -0.06 -0.01 0.08 0.07
Std. Error 0.07 0.07 0.07 0.07 0.07 0.07
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Table 17. Observed and predicted values (from ARIMA model) for: white shrimp total
monthly catch (pounds, heads off) In area 19 for 1977.

Month Observed Estimated

205 21,935 29,535
206 3,955 668,711
207 53,822 322,310
208 62,373 217,470
209 53,932 241,440
210 29,002 102,560
211 41,573 322,017
212 34,059 308,086
213 417,534 102,479
214 579,281 270,625
215 797,246 144,331
216 253,792 30,844

198



Table 18. Forecast values for white shrimp total monthly catch (pounds, heads off) in
area 19 from the ARIMA model (with confidence limits) for 1978.

Month Forecast 90% Confidence Limits 50% Confidence Limits

217 319,433 50,964 to 2,002,130 150,501 to 677t984
218 16,775 2,373 to 118,606 7,522 to 37t407
219 299,652 40,030 to 2,243,110 131,267 to 684t036
220 260,034 33,761 to 2,002t840 112t588 to 600,578
221 114,321 14t632 to 893,214 49,208 to 265,591
222 117,742 14,961 to 926,614 50,531 to 274,350
223 126,513 16,017 to 999,292 54,213 to 295t230
224 27,174 3t434 to 215,040 11,636 to 63t462
225 414,800 52,368 to 3,285,590 177,547 to 969t088
226 401,602 50,677 to 3,182,570 171,864 to 938,439
227 492,657 62,152 to 3,905t100 210,810 to 115t133
228 85,374 10,739 to 678,715 36,488 to 199t757
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Table 19. Power spectrum estimates for white and brown shrimp total monthly catch
(pounds, heads off) in area 19 from Fourier analysis of the eighteen year
(1960·1977)data set

Power Spectrum Estimates for Each Frequency
Frequencies of Power
Spectrum Density

0.00
0.0208
0.0417
0.0625
0.0833
0.1042
0.1250
0.1458
0.1667
0.1875
0.2083
0.2292
0.2500
0.2708
0.2917
0.3125
0.3333
0.3542
0.375
0.3958
lY.4167
0.4375
0.4583
0.4792
0.5000

Brown

0.278
0.290
0.512 * (24)
0.444 * (16)
0.316
0.792 * (10)
0.725 * (8)
0.250
0.082
0.154
0.189
0.092
0.043
0.060
0.145
0.140
0.060
0.065
0.075
0.056
0.027
0.055
0.107
0.096
0.060

White

0.908
1.724 * (48)
2.012 * (24)
1.028 * (16)
0.554
0.842 * (10)
0.855 * (8)
0.487
0.246
0.379
0.528
0.387
0.185
0.179
0.213
0.142
0.088
0.163
0.241
0.130
0.041
0.136
0.302
0.260
0.],41

* Frequencies that account for relatively large portions of the variance
in catch variables

(#) Indicates the periods that account for relatively large portions of the
variance in the catch variables
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Table 20. Summary statistics for the ten year (1964-1973)data set used to develop the stepwise
multiple regression models relating brown shrimp total catch and interview catch/ef·
fort variables to environmental variables and indices of recruitment.

VARIABLE
VAA2
VARl
VAA91
CTEF18
CTEF19
CTEF193
XE18
XE19
XE193
VAAll
VAA12
VAA13
VAA14
VAA15
VAA16
VAA17
VAA18
VAA19
VAA20
VAA21
VAA22
VAA23
VAA24
VAA25
VAA26
VAA27
VAA28
VAA29
VAA30
VAA31
VAA36
VAA37
VAA38
VAA39
VAA40
VAA41
VAA42
VAA43
VAA44
VAA45

(UNITS GIVEN
MEAN

40.8496
118.5536

54.8499
552.9698
523.4578
639.3569

80.9301
227.7682

83.2440
162.4491
492.5122

55.6900
128.5832
234.5005

48.6514
58.2846

9.9660
13.9700
10.7111
15.8667
12.2800
17.6100
13.6200
11.5100

5.7180
5.9550

37.9000
35.6000
58.5000
67.5000

7.0700
9.4600

136.8256
147.6169
397.3383

51 .5670
112.9752
206.3000
179.6000

5.1500
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IN TASLE 3)
STANDARD DEV

28.5947
40.6780
27.4093

257 .8296
194.0003
180.85/5
23.0437
51.2435
32.1624
37.7817

309.8261
11.8441
83.9930

203.2598
12.4562
19.8272
4.7898
8.7364
2.3046
3.1492
1.4459
2.0739
4.3014
5.5675
0.5973
0.6975
4.8408
5.6608

47.6707
41.9821

1.8117
1.8518

66.1030
18.0021

239.2765
11.3639
52.1843
73.3319
48.7675

7.7739

CASES
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
9
9

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10



Table 20 continued

VAA,IA8!-E MEAN STANDAA,D DEV CASES
VAA,46 12.7100 28.2081 10
VAA,47 109.1100 112.7042 10
VAA,48 8.7900 15.5796 10
VAA,49 15.2900 22.2259 10
VAA,50 76.2300 76.8730 10
VAA,51 69.5900 89.0154 10
VAA,52 129.3500 164.80/5 10
VAA,53 205.5400 107.5617 10
VAA,S4 47.1600 30.6379 10
VAA,S5 72.6100 27.2954 10
VAA,56 101.3100 64.0517 10
VAA,57 100.5700 65.6361 10
VAA,58 179.1400 72.3172 10
VAA,59 139.7400 96.0974 10
VAA,60 16.4889 5.3335 9
VAA,61 16.9600 5.9392 10
VAA,62 21.0111 6.9988 9
VAA,63 21.6700 5.5562 10
VAA,64 22.6750 4.8133 10
VAA,65 21.4890 6.0224 10
VAA,66 22.0970 4.2383 10
VAA,67 19.8910 3.8321 10
VAA,68 17.4778 2.4783 9
VAA,69 22.9700 1.9385 10
VAA,70 17.4778 2.5044 9
VAA,71 22.7400 1.8344 10
VAA,72 11.0000 2.2608 10
VAA,73 12.0500 2.4089 10
VAA,74 14.8000 2.9269 10
VAA,75 18.2000 2.9833 10
VAA,76 18.1000 22.7178 10
VAA,77 66.7000 30.1185 10
VAA,78 55.0000 40.8738 10
VAR79 67.8000 18.3896 10
VAR80 138.1000 68.1542 10
VAA,81 115.4000 22.4212 10
VAR82 24.8516 4.7823 10
VAR83 30.6615 10.6118 10
VAR84 35.2349 26.5912 10
VAR85 94.1936 96.5308 10
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Table 20 continued

VARIABLE MEAN STANDARD DEV CASES
VAR86 48.7536 34.0776 10
VAR87 26.3433 17.5447 10
VAR88 30.4837 25.2123 10
VAR89 18.5710 4.7918 10
VAR90 13.1830 5.1444 10
VAR97 65.0728 33.2027 10
VAR98 53.4815 42.3199 10
VAR99 14.7355 3.8314 10
VAR100 18.7165 4.8754 10
VAR101 62.8704 34.3363 10
VAR102 40.6165 26.4602 10
VAR103 14.5416 3.6488 10
VAR104 17.2329 3.2715 10
VAR107 31.2450 18.1366 10
VAR108 2.1120 1.4541 10
VAR109 3.6150 2.8052 10
VAR110 4.7960 2.3421 10
VAR111 58.6484 54.8110 10
VAR112 66.6077 62.3888 10
VAR113 104.8939 107.3042 10
VARl14 5.7550 0.7325 10
VAR115 34.0000 3.8406 9
VAR116 60.0000 38.9711 9
VAR117 15.8300 1.6139 10
VAR118 21.2500 1.3986 10
VARl19 24.8000 0.5715 10
BCE18 44.0332 20.5766 10
BCE19 25.7613 13.4598 10
BCEL 18 43.0892 21.4101 10
BCEL 19 22.1056 10.5018 10

SEE T.ABLES 5 AND t FOR REFERENCENUMBERAND VARIABLE NAME, RESPECTIVa y.
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Table 21. Correlation matrix showing the simple bivariate Pearson product moment correlation coefficients between all
possible pairs of variables in the ten year (1964·1973)data set used to relate brown shrimp total catch and in·
terview catch/effort variables to river discharge variables.

lUMI1'$ GIVEN IN T1BlE ])
VAAl VAA2 VAA91 CTEfl6 CTEfl9 CTEfl93 VAAlI VARI2 VARI4 VARI5 VAAI6 VARI7

VAAl 1.00000 0.69666 0.73445 0.80478 0.78314 0.85591 -0.62791 -0.40453 -0.46611 -0.22858 -0.51014 -0.53666
VAR2 0.69666 1.00000 0.69469 0.82191 0.79606 0.85812 -0.36784 -0.59420 -0.71152 -0.58499 -0.44319 -0.44383
YAR91 0.73445 0.69469 1.00000 0.51652 0.52420 0.63296 -0.25015 -0.10584 -0.33362 -0.06383 -0.16741 -0.31267
CTEfl6 0.80478 0.62191 0.51652 1.00000 0.95965 0.93194 -0.57814 -0.56643 -0.59961 -0.42305 -0.65594 -0.50669
CTEfl9 0.78314 0.79606 0.52420 0.95965 1.00000 0.96662 -0.66690 -0.61101 -0.63160 -0.52011 -0.72116 -0.62683
CTEfl93 0.85591 0.85812 0.63296 0.93194 0.96682 1.00000 -0.60496 -0.63992 -0.63571 -0.53029 -0.59503 -0.60389
YAR11 -0.62191 -0.36784 -0.25015 -0.57814 -0.66690 -0.60496 1.00000 0.70536 0.66963 0.39386 0.17448 0.88934
VARI2 -0.40453 -0.59420 -0.10584 -0.56643 -0.67107 -0.63992 0.10536 1.00000 0.73019 0.91915 0.17923 0.70322
YARI4 -0.48611 -0.71152 -0.33362 -0.59961 -0.63160 -0.63571 0.66963 0.73019 1.00000 0.62674 0.57995 0.60861
YAR15 -0.22858 -0.58499 -0.06383 -0.42305 -0.52011 -0.53029 0.39386 0.91915 0.62614 1.00000 0.60268 0.41652
VARI6 -0.51014 -0.44319 -0.16741 -0.65594 -0.72116 -0.59503 0.11448 0.17923 0.57995 0.60268 1.00000 0.55611
YARI7 -0.53666 -0.44383 -0.31267 -0.50669 -0.62683 -0.60389 0.88934 0.70322 0.60667 0.41652 0.55611 1.00000

N VAR38 -0.38471 -0.35777 -0.02062 -0.39760 -0.43910 -0.39338 0.85978 0.77469 0.80992 0.55119 0.68634 0.75093a YAR39 -0.17836 -0.20451 -0.00676 -0.50986 -0.57904 -0.39393 0.61191 0.50296 0.45943 0.34120 0.16325 0.40821~
VAR40 0.33628 0.16965 0.17278 0 •.11290 -0.01681 0.01852 -0.13669 -0.04620 0.05436 0.09080 -0.10666 -0.17130
YAR42 -0.15185 -0.27345 0.07781 -0.49675 -0.60099 -0.50050 0.38669 0.60352 0.40326 0.62437 0.63229 0.22707
YAR43 -0.47697 -0.21673 -0.05730 -0.52115 -0.58925 -0.48535 0.95018 0.66869 0.71812 0.37116 0.19265 0.76010
VAR44 -0.35144 -0.28926 -0.04786 -0.67838 -0.68236 -0.53411 0.54512 0.42322 0.42511 0.28836 0.70181 0.29177
VAR82 -0.17379 0.20116 0.25220 -0.03443 -0.15516 -0.13423 0.56117 0.28139 0.37561 0.12864 0.32219 0.34299
YAR83 -0.55573 -0.05083 -0.22357 -0.32622 -0.28681 -0.26663 0.73670 0.15326 0.39686 -0.14136 0.39909 0.49063
VAR84 -0.20738 -0.40109 0.03106 -0.38841 -0.45091 -0.41974 0.56958 0.86236 0.48061 0.80331 0.57770 0.63188
YAR85 -0.33697 0.05421 0.07644 -0.29850 -0.38493 -0.26854 0.69505 0.40129 0.02142 0.07786 0.56821 0.67634
VAR86 -0.56844 -0.58952 -0.31914 -0.52089 -0.46315 -0.49176 0.65794 0.59135 0.87703 0.46274 0.54154 0.48979
VAR87 0.16558 0.52186 0.53540 0.22845 0.13959 0.23777 0.52562 0.23225 -0.01318 0.00438 0.24201 0.44222
YAR88 -0.31318 -0.06301 0.01992 -0.26229 -0.41046 -0.30846 0.87247 0.64983 0.31782 0.34636 0.69661 0.84204
VARI07 -0.05891 -0.61353 -0.02111 -0.32680 -0.29677 -0.31099 0.17613 0.56439 0.79159 0.65376 0.21024 0.21831
VARI1I -0.31197 -0.60213 -0.20603 -0.60049 -0.71117 -0.66195 0.58388 0.66424 0.82581 0.55673 0.49132 0.63452
YARI12 -0.22383 -0.57461 0.08958 -0.51183 -0.57793 -0.57617 0.41396 0.84571 0.72604 0.87012 0.49788 0.43969
VARI13 -0.13235 -0.49136 -0.16364 -0.27068 -0.35098 -0.39012 0.09780 0.69140 0.36688 0.89498 0.44431 0.10036



Table 21 continued

VAR36 VAR39 VAR40 VAR42 VARO VAR44 VAR62 VAR83 VAR84 VAR65 VAR66 VAR87
VARI -0.38471 -0.17636 0.33626 -0.15165 -0.47697 -0.35144 -0.17379 -0.55573 -0.20736 -0.33697 -0.56644 0.16556
VAR2 -0.35717 -0.20451 0.16965 -0.27345 -0.27673 -0.26926 0.20116 -0.05083 -0.40109 0.05421 -0.58952 0.52166
VAR91 -0.02062 -0.00676 0.17278 0.07761 -0.05730 -0.04786 0.25220 -0.22357 0.03106 0.07644 .-0.31914 0.53540
CTEf16 -0.39760 -0.50986 0.11290 -0.49675 -0.52715 -0.67638 -0.0340 -0.32622 -0.38641 -0.29850 -0.52089 0.22645
CTEfl9 -0.43970 -0.57904 -0.01681 -0.60099 -0.56925 -0.68236 -0.15516 -0.28661 -0.45091 -0.38493 -0.46315 0.13959
CTEfl93 -0.39336 -0.39393 0.01852 -0.50050 -0.48535 -0.53411 -0.13423 -0.26663 -0.41974 -0.26854 -0.49176 0.23717
VARll 0.85976 0.61191 -0.13669 0.38669 0.95018 0.54512 0.56117 0.73670 0.56958 0.69505 0.65794 0.52562
VARI2 0.77469 0.50296 -0.04620 0.60352 0.66869 0.42322 0.28739 0.15326 0.66236 0.40129 0.59135 0.23225
VAR14 0.80992 0.45943 0.05436 0.40326 0.71812 0.42511 0.37561 0.39686 0.48061 0.02142 0.67703 -0.01318
VARI5 0.55119 0.34720 0.09080 0.62437 0.37116 0.28836 0.12664 -0.14136 0.80331 0.01766 0.46274 0.00438
VARI6 0.68634 0.76325 -0.10666 0.63229 0.79265 0.70167 0.32279 0.39909 0.57170 0.56821 0.54754 0.24201
VAR17 0.75093 0.40821 -0.17130 0.22707 0.76010 0.29177 0.34299 0.49063 0.63188 0.67634 0.48979 0.44222
VAR38 1.00000 0.47841 -0.20299 0.29176 0.90046 0.37280 0.52802 0.61449 0.65439 0.44083 0.84017 0.50380

N VAIl39 0.47841 1.00000 0.39423 0.79648 0.70844 0.91851 0.29674 0.38626 0.45171 0.35903 0.31671 0.327430
(J"I VAR40 -0.20299 0.39423 1.00000 0.61883 -0.04005 0.37819 0.30922 -0.18017 -0.06721 -0.36827 -0.25122 0.02498

VAR42 0.29176 0.79648 0.61883 1.00000 0.45558 0.82666 0.34908 0.05300 0.51502 0.12961 0.17563 0.15105
VAR43 0.90046 0.70844 -0.04005 0.45558 1.00000 0.64187 0.64603 0.74122 0.50654 0.60029 0.70683 0.55749
VAIl44 0.37280 0.91851 0.37819 0.82666 0.64187 1.00000 0.30543 0.0415 0.36215 0.28151 0.33813 0.19423
VAR82 0.52802 0.29674 0.30922 0.34908 0.64603 0.30543 1.00000 0.52757 0.05026 0.31085 0.:B570 0.58083
VAIl83 0.61449 0.38626 -0.18017 0.05300 0.74122 0.43415 0.52757 1.00000 0.14654 0.40387 0.63336 0.49932
VAR84 0.65439 0.45177 -0.06721 0.51502 0.50654 0.36215 0.05026 0.14654 1.00000 0.38269 0.43341 0.39636
VAIl85 0.44083 0.35903 -0.36827 0.12961 0.60029 0.28151 0.31085 0.40387 0.38269 1.00000 0.04111 0.63851
VAR86 0.84017 0.31671 -0.25122 0.17563 0.70683 0.33613 0.33570 0.63336 0.43341 0.04111 1.00000 0.07118
VAR87 0.50380 0.3270 0.02498 0.15105 0.55749 0.19423 0.58083 0.49932 0.39636 0.63851 0.07118 1.00000
VAIl88 0.74256 0.49874 -0.20276 0.26448 0.80837 0.31235 0.50009 0.48997 0.56661 0.87154 0.33339 0.70698
VARI07 0.54648 0.13853 -0.01012 0.21959 0.29080 0.10135 0.03666 -0.11455 0.39962 -0.29971 0.65093 -0.24769
VARlll 0.57234 0.58319 0.39065 0.59912 0.62212 0.53523 0.38210 0.1408 0.41545 0.12667 0.47782 0.01668
VAR112 0.58952 0.33593 0.18313 0.62296 0.46157 0.36413 0.33100 -0.08164 0.65263 0.07073 0.49696 0.03233
VARI13 0.22264 0.23741 0.16584 0.57881 0.04934 0.19392 -0.11871 -0.30732 0.65264 -0.16440 0.25579 -0.20976



Table 21 continued

VAR66 VAR101 VARlll VARI12 VARI13
VARI -0.31316 -0.05691 -0.31191 -0.22363 -0.13235
VAR2 -0.06301 -0.61353 -0.60213 -0.51461 -0.49136
VAR91 0.01992 -0.0211 1 -0.20603 0.08958 -0.16364
ClEfl8 -0.26229 -0.32680 -0.60049 -0.51183 -0.21068CTEFI9 -0.41046 -0.29611 -0.1lt 11 -0.51193 -0.35098
CTEFI93 -0.30846 -0.31099 -0.66195 -0.51611 -0.39012VARll 0.81241 0.11613 0.58388 0.41396 0.09180VARI2 0.64983 0.56439 0.66424 0.84511 0.69140VAR14 0.31182 0.19159 0.82581 0.12604 0.36668
VAR15 0.34636 0.65316 0.55613 0.81012 0.89498VAR16 0.69661 0.21024 0.49132 0.49188 0.44431VARI1 0.84204 0.21831 0.63452 0.43989 0.10036VAR38 0.14256 0.54648 0.51234 0.58952 0.22264N VAR39 0.49814 0.13853 0.58319 0.33593 0.23141a

0'1 VAR40 -0.20216 -0.01012 0.39065 0.18313 0.16584VAR42 0.26448 0.21959 0.59912 0.62296 0.51881VAR43 0.80831 0.29080 0.62212 0.46151 0.04934VAR44 0.31235 0.10135 0.53523 0.36413 0.19392VI\R02 0.50009 0.03666 0.38210 0.33100 -O.lt011VAR83 0.48991 -0.11455 0.14438 -0.08164 -0.30132VAR84 0.56661 0.39962 0.41545 0.65263 0.65264VAR05 0.81154 -0.29911 0.12661 0.01013 -0.16440VAR86 0.33339 0.65093 0.41182 0.49696 0.25519VAR81 0.10698 -0.24169 0.01668 0.03233 -0.20916VAR86 1.00000 0.00591 0.39241 0.29664 0.05661VARI01 0.00591 1.00000 0.62656 0.11091 0.45221VARlll 0.39241 0.62656 1.00000 0.15688 0.21102VARI12 0.29664 0.11091 0.15688 1.00000 0.61624VARII3 0.05861 0.45221 0.21102 0.61624 1.00000

SEE TlalES , AND 1 fOR REfERENCE NIJIeER AND YARllalE NAIE. RESPECTIVElY.



Table 22. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 18) with river
discharge variables for the ten year (1964-1973)data set.

VARIABLE (UNITS GIVEN IN TABLE 3)
VAR14 JAN-MAR TRIN DIS
VAR87 JUl-SEP GUAD DIS
VAR17 APR-JUN MISS DIS
VAR84 JUl-SEP TRIN DIS
VAR83 OCT-DEC MISS DIS
VAR112 APR TRIN DIS
VAR82 JUL-SEP MISS DIS
VAR16 JAN-MAR MISS DIS
VAR85 OCT-DEC TRIN DIS
(CONSTANT)

MULTIPLE R
0.71152
0.87689
0.95165
0.98092
0.99107
0.99795
0.99926
0.99999
1.00000

N
a
""-J

DEPENDENT VARIABLE•• VAR2 TOT CAT 18 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.50626 0.50626
0.76894 0.26269
0.90564 0.13670
0.96220 0.05656
0.98222 0.02002
0.99589 0.01367
0.99853 0.00263
0.99998 0.00145
1.00000 0.00002

SIMPLE R
-0.71152
0.52186

-0.44383
-0.40109
-0.05083
-0.57461
0.20116

-0.44319
0.05421

B
0.1400687E-01
1.518051

-0.5732530
-0.2158886
-1.052026

-0.1797427
0.8901924

-0.6872268E-Ol
-0.1172562E-Ol

66.63090

BETA
0.04114
0.93142

-0.39749
-0.20076
-0.39042
-0.39217
0.14888

-0.02994
-0.03958

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.
SEE PAGE 72 OF TEXT FOR.DEFINITION OF SUMMARYTABLE HEADINGS.



Table 23. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 19) with river
discharge variables for the ten year (1964-1973)data set.

VARIABLE (UNITS GIVEN IN TABLE 3)
VAR11 ANNUAL MISS DIS
VAR87 JUL-SEP GUAD DIS
VAR111 MAR TRIN DIS
VAR16 JAN-MAR MISS DIS
VAR42 LAG ANNUAL GUAD DIS
VAR40 LAG ANNUAL TRIN DIS
VAR84 JUL-SEP TRIN DIS
VAR44 LAG ANNUAL ATCH DIS
VAR17 APR-JUN MISS DIS
(CONSTANT)

MULTIPLE R
0.62791
0.85655
0.92304
0.93847
0.96944
0.98287
0.99657
1.00000
1.00000

N
a
(XI

DEPENDENT VARIABLE•• VAR1 TOT CAT 19 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.39427 0.39427
0.73367 0.33941
0.85200 0.11832
0.88072 0.02872
0.93982 0.05910
0.96602 0.02620
0.99316 0.02714
1.00000 0.00684
1.00000 0.00000

SIMPLE R
-0.62791
0.16558

-0.31197
-0.51014
-0.1"5185
0.33628

-0.20738
-0.35144
-0.53666

B
-2.259734
2.246607

0.4427139
4.164821

-1.182249
0.1391309
0.5917857
0.1627632

-0.6366079E-02
226.4435

BETA
-2.09884
0.96898
0.59653
1.27533

-1.51666
0.81840
0.38685
0.19513

-0.00310
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 24. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 19,11·15fathom
depths) with river discharge variables for the ten year (1964·1973)data set.

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR87 JUL-SEP GUAD DIS 0.53540 0.28665 0.28665 0.53540 1.629237 1.04287
VAR11 ANNUAL MISS DIS 0.82285 0.67708 0.39042 -0.25015 -1.118601 -1.54191
VAR112 APR TRIN DIS 0.92007 0.84652 0.16945 0.08958 0.2855658 0.65000

N VAR17 APR-JUN MISS DIS 0.94513 0.89327 0.04674 -0.31267 -0.1401746 -0.10140a VAR113 MAY TRIN DIS 0.96734 0.93575 0.04249 -0.16364 -0.1231796 -0.48223\0

VAR16 JAN-MAR MISS DIS 0.99685 0.99372 0.05797 -0.16741 1.407738 0.63975
VAR38 ANNUAL GUAD OIS 0.99990 0.99980 0.00608 -0.02062 0.6267733E-01 0.15116
VAR42 LAG ANNUAL GUAD DIS 1.00000 1.00000 0.00020 0.07781 -0. 1830628E-01 -0.03485
VAR83 OCT-DEC MISS DIS 1.00000 1.00000 0.00000 -0.22357 -0.3012799E-03 -0.00012
(CONSTANT) 120.7292- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .
SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 25. Summary of results of stepwise multiple regression analysis of brown shrimp Interview catch/effort (area 18)
with rh,er discharge variables for the ten year (1964-1973)data set.

VARIABLE (UNITSGIVEN IN TABLE 3)
VAR44 LAG ANNUAL ATCH DIS
VAR40 LAG ANNUAL TRIN DIS
VAR87 JUL-SEP GUAD DIS
VAR17 APR-JUN MISS DIS
VARl12 APR TRIN DIS
VAR107 JAN-MAR GUAD DIS
VAR42 LAG ANNUAL GUAD DIS
VAR15 APR-JUN TRIN DIS
VAR111 MAR TRIN DIS
(CONSTANT)

MULTIPLE R
0.67838
0.78707
0.87798
0.96698
0.97350
0.98606
0.99720
1.00000
1.00000

N~
o

DEPENDENT VARIABLE•• CTEF18 CAT-EFF 18 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.46019 0.46019
0.61947 0.15928
0.77085 0.15137
0.93506 0.16421
0.94770 0.01264
0.97232 0.02462
0.99441 0.02209
1.00000 0.00559
1.00000 0.00000

SIMPLE R
-0.67838
0.11290
0.22845

-0.50669
-0.51183
-0.32680
-0.49675
-0.42305
-0.60049

B
-8.943047

-0.1647189
9.272876

-2.817158
-4.336673
11.78311
8.728335

-0.7411318
0.1567403
1243.719

BETA
-1.69154
-0.15287
0.63100

-0.21664
-1.04937
0.82886
1.76660

-0.58427
0.03332

SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 26. Summary of results of stepwise multiple regression analysis of brown shrimp Interview catch/effort (area 19)
with river discharge variables for the ten year (1964-1973)data set.

DEPENDENT VARIABLE •• CTEF19 CAT-EFF 19 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR16 JAN-MAR MISS DIS 0.72116 0.52008 0.52008 -0.72116 4.208356 0.27021
VAR111 MAR TRIN DIS 0.82942 0.68794 0.16786 -0.71117 0.6685340 0.18888

N VAR87 JUL-SEP GUAD DIS 0.87420 0.76423 0.07629 0.13959 11.82516 1.06943
l-' VAR85 OCT-DEC TRIN DIS 0.92195 0.85000 0.08577 -0.38493 -0.9883979 -0.49181l-'

VAR44 LAG ANNUAL ATCH DIS 0.94985 0.90222 0.05223 -0.68236 -2.562747 -0.64422
VAR17 APR-JUN MISS DIS 0.97468 0.94999 0.04777 -0.62683 -4.815267 -0.49213
VAR112 APR TRIN DIS 0.98975 0.97960 0.02961 -0.57793 -0.2507150 -0.08063
VAR82 JUL-SEP MISS DIS 0.99889 0.99778 0.01818 -0.15516 -15.22171 -0.37523
VAR84 JUL-SEP TRIN DIS 1.00000 1.00000 0.00222 -0.45091 -2.228075 -0.30540
(CONSTANT> 1275.508- - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 27. Summary of results of stepwise multiple regression analysis of brown shrimp Interview catch/effort (area
19,11·15 fathom depths) with river discharge variables for the ten year (1964-1973)data sel

DEPENDENT VARIABLE •• CTEF193 CAT-EfF 19 DPTH 3 (POUNDS, HEADS Off/DAY)
SUMMARY TABLE

VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
N VAR111 MAR TRIN DIS 0.66195 0.43818 0.43818 -0.66195 1.658883 0.50274
•..... VAR16 JAN-MAR MISS DIS 0.73084 0.53413 0.09595 -0.59503 17.01567 1.17192N VAR87 JUL-SEP GUAD DIS 0.80804 0.65293 0.11879 0.23777 11.54817 1.12027

VAR11 ANNUAL MISS DIS 0.89798 0.80637 0.15344 -0.60496 -4.663181 -0.97415
VAR42 lAG ANNUAL GUAD DIS 0.94820 0.89909 0.09272 -0.50050 -4.055026 -1 .17003
VAR40 LAG ANNUAL TRIN DIS 0.98462 0.96947 0.07038 0.01852 0.1599432 0.21161
VAR85 OCT-DEC TRIN DIS 0.99787 0.99574 0.02627 -0.26854 -1.537649 -0.82070
VAR14 JAN-MAR TRIN DIS 0.99995 0.99990 0.00416 -0.63571 -1.335856 -0.62039
VAR39 LAG ANNUAL MISS DIS 1.00000 1.00000 0.00010 -0.39393 0.7619686 0.07584
(CONSTANT> 766.2342

SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 28. Correlation matdx showing the simple bivariate Pearson product moment correlation coefficients between all
possible pairs of variables In the ten year (1964-1973)data set used to relate brown shrimp total catch and
Interview catch/effort variables to salinity variables.

(UNITS GIVEN IN TABLE ))
VAAl VAA2 VAA91 CTEFI6 CTEFI9 CTEFI93 VAA24 VAA25 VAR60 VAA61 VAA62 VAA63

VAAl 1.00000 0.69666 0.n445 0.60476 0.76314 0.65591 0.47877 0.48490 0.57447 0.59169 0.16443 0.2n60
VAA2 0.69666 1.00000 0.69469 0.62191 0.79606 0.65612 0.62697 0.68653 0.65463 0.63761 0.55062 0.60969
VI\R91 0.n445 0.69469 1.00000 0.51652 0.52420 0.63296 0.61992 0.16912 0.52123 0.46341 -0.08655 0.15074
CTEFI6 0.80476 0.82191 0.51652 1.00000 0.95965 0.93194 0.44508 0.70164 0.74223 0.81970 0.46260 0.56079
CTEF19 0.78314 0.79606 0.52420 0.95965 1.00000 0.96682 0.55963 0.78670 0.81417 0.66795 0.42652 0.62741
CTEfl93 0.65591 0.65612 0.63296 0.93194 0.96682 1.00000 0.56967 0.76676 0.83209 0.86740 0.42976 0.61546
VAR24 0.47877 0.62697 0.61992 0.44506 0.55963 0.56967 1.00000 0.53445 0.81497 0.66650 0.40436 0.61757
VAA25 0.46490 0.66653 0.16912 0.70164 0.78670 0.76678 0.53445 1.00000 0.92066 0.93162 0.74623 0.80212
VAR60 0.57447 0.85483 0.52123 0.74223 0.81417 0.63209 0.81497 0.92066 1.00000 0.97794 0.69774 0.86946

N VAR61 0.59169 0.83761 0.46341 0.81970 0.88795 0.66740 0.66650 0.93162 0.97794 1.00000 0.67127 0.83591•.... VI\R62 0.16443 0.55062 -0.08655 0.46260 0.42652 0.42976 0.40436 0.74623 0.69774 0.67127 1.00000 0.66475w VAR63 0.2:)360 0.60969 0.15074 0.56079 0.62741 0.61546 0.61757 0.60212 0.66946 0.63591 0.66475 1.00000
VAR64 0.29864 0.39466 0.20256 0.17741 0.16370 0.23460 0.69225 0.33264 0.47434 0.32132 0.62309 0.44772
VAR65 0.21491 0.46495 0.45634 0.27119 0.3n34 0.36774 0.91626 0.35635 0.75216 0.52769 0.43706 0.66756
VAA66 0.76612 0.56605 0.36669 0.77046 0.62515 0.63165 0.46494 0.63369 0.63746 0.79951 0.42352 0.46800
VAA67 0.24670 0.35"'4 -0.12355 0.46906 0.62629 0.55711 0.42430 0.90669 0.76003 0.75674 0.65552 0.70467

VAR64 VAA65 VAA66 VAR67
VAAl 0.29664 0.21491 0.76612 0.24670
VAA2 0.39466 0.46495 0.58605 0.35144
VAR91 0.20256 0.45634 0.36669 -0.12355
ClEf 18 0.17741 0.27119 0.77046 0.48908
CTEfl9 0.16370 0.3n34 0.62515 0.62629
CTEfl93 0.23460 0.36774 0.63165 0.55711
VAR24 0.69225 0.91626 0.46494 0.42430
VAA25 0.33264 0.35635 0.63369 0.90669
VAA60 0.47434 0.75216 0.63746 0.76003
VAR61 0.32132 0.52769 0.79951 0.75674
VAH62 0.62309 0.43706 0.42352 0.65552
VAA63 0.44772 0.66756 0.46600 0.70467
VAA64 1.00000 0.70080 0.20446 0.25346
VAR65 0.70060 1.00000 0.15500 0.27466
VAR66 0.20446 0.15500 1.00000 0.75301
VAA67 0.25346 0.27466 0.75301 1.00000

SEE TABLES' AND I fOR RefERENCE Nur-flERAND VAAIABLE HAME. RESPECTIVELY.
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Table 29. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 18)with salinity
variables for the ten year (1964·1973)data set.

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR61 APR TPWD GAL SAL 0.86456 0.74747 0.74747 0.86456 8.058747 1.67967
VAR67 1ST APR POSTLAV MIN SAL 0.94319 0.88960 0.14213 0.46447 -6.936323 -0.83967
VAR64 2ND FEB POSTLAV MIN SAl 0.96738 0.93581 0.04621 0.39101 3.817665 0.56927
VAR65 1ST MAR POSTLAV MIN SAL 0.99558 0.99117 0.05536 0.48497 -2.672538 -0.47257
VAR62 MAR TPWD MAT SAL 0.99724 0.99449 0.00332 0.54032 -0.4890659 -0.11308
(CONSTANT) 20.92823

SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.

Table 30. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 19)with salinity
variables for the ten year (1964-1973)data set.

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR66 2ND MAR POSTlAV MIN SAL 0.76612 0.58693 0.58693 0.76612 -15.23596 -1.58745
VAR67 1ST APR POSTLAV MIN SAL 0.91416 0.83570 0.24876 0.24870 23.18617 2.18427
VAR65 1ST MAR POSTLAV MIN SAl 0.94152 0.88645 0.05076 0.21491 51.73397 7.65918
VAR64 2ND FEB POSTlAV MIN SAL 0.94654 0.89594 0.00949 0.29884 103.5193 12.24900
VAR61 APR TPWD GAL SAL 0.95043 0.90332 0.00738 0.59189 104.0901 15.19762
VAR62 MAR TPWD MAT SAL 0.96164 0.92475 0.02143 0.16443 -79.27029 -13.63880
VAR24 MAR NOS GAL MIN DEN 1.32323 1.75093 0.82618 0.47877 -190.3261 -20.12547
(CONSTANT> -972.5546

SEE TABLES 5 AND 1 FOR REFERENCE NU~IDERAND VARIABLE NAME, RESPECTIVELY.



Table 31. Summary of results of stepwise muitiple regression analysis of brown shrimp total catch (area 19,11-15fathom
depths) with salinity variables for the ten year (1964-1973)data set.

DEPENDENT VARIABLE •• VAR91 TOT CAT 19 DPTH 3 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR24 MAR NOS GAL MIN DEN 0.60079 0.36095 0.36095 0.60079 -5.050864 -0.81794
VAR64 2ND FEB POSTLAV MIN SAL 0.79665 0.63465 0.27371 0.03114 2.499074 0.41267
VAR67 1ST APR POSTLAV MIN SAL 0.84401 0.71236 0.07771 0.04773 -3.068682 -0.41137
VAR66 2ND MAR POSTLAV MIN SAL 0.96289 0.92715 0.21479 0.48506 -1.266756 -0.19142
VAR60 MAR TPWD GAL SAL 0.97627 0.95310 0.02595 0.57051 12.56361 2.47270
VAR62 MAR TPWD MAT SAL 0.99947 0.99895 0.04584 -0.12992 -5.389894 -1.38011
(CONSTANT) 66.92531

N~
U1 SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.

Table 32. Summary of results of stepwise multiple regression analysis of brown shrimp interview catch/effort (area 18)
with salinity variables for the ten year (1964-1973)data set.

BETA
3.31563
0.27693

-1.49267
1.42253

-3.54668
1.09705

B
144.4837
13.60933

-92.70793
94.68656

-170.5963
66.82131

-2645.135

SIMPLE R
0.84496
0.62108
0.45911
0.83193
0.75629
0.16362

(POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.71397 0.71397
0.79200 0.07803
0.88290 0.09090
0.88681 0.00391
0.89095 0.00414
0.96889 0.07794

MULTIPLE R
0.84496
0.88994
0.93963
0.94171
0.94390
0.98432

CAT-EFF 18CTEF18

(UNITS GIVEN IN TABLE 3)
APR TPWD GAL SAL
APR TPWD MAT SAL
MAR NOS GAL MIN DEN
2ND MAR POSTLAV MIN SAL
APR NOS GAL MIN DEN
2ND FEB POSTLAV MIN SAL

DEPENDENT VARIABLE ••

VARIABLE
VAR61
VAR63
VAR24
VAR66
VAR25
VAR64
(CONSTANT)

SEE TABLES 5 AND 1 FOR REFERENCE NU~~ER AND VARIABLE NAME, RESPECTIVELY.



Table 33. Summary of ~sults of stepwise multiple regression analysis of brown shrimp Interview catch/effort (area 19)
with salinity variables for the ten year (1964-1973)data set.

DEPENDENT VARIABLE •• CTEF19 CAT-EFF 19 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B f3ErA
VAR66 2ND MAR POSTlAV MIN SAL 0.91216 0.83204 0.83204 0.91216 -48.80907 -0.97080
VAR61 APR TPWD GAL SAl 0.92753 0.86031 0.02826 0.88998 127.9091 3.88602
VAR63 APR TPWD MAT SAl 0.95148 0.90531 0.04500 0.66386 -86.97041 -2.34290
VAR24 MAR NOS GAL MIN DEN 0.95951 0.92066 0.01536 0.59234 -34.17993 -0.72857
VAR67 1ST APR POSTlAV MIN SAl 0.97748 0.95546 0.03480 0.67979 115.9794 2.04648
VAR25 APR NOS GAL MIN DEN 0.99999 0.99998 0.04452 0.81092 -43.56248 -1 .19901
VAR64 2ND FEB POSTlAV MIN SAl 1.00000 1.00000 0.00002 0.23749 -0.9549742 -0.02076
(CONSTANT) 122.6079
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .
SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.

Table 34. Summary 01 results 01 stepwise multiple regression analysis 01 brown shrimp Interview catch/effort (area
19,11.15 fathom depths) with salinity variables for the ten year (1964-1973)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .

(UNITS GIVEN IN TABLE 3)
2ND MAR POSTlAV MIN SAl
1ST APR POSTlAV MIN SAL
APR TP\~DGAL SAl
APR TPWD MAT SAl
MAR NOS GAL MIN DEN
2ND FEB POSTlAV MIN SAl

SIMPLE R
0.92198
0.64793
0:90221
0.65333
0.58313
0.24343

DEPENDENT VARIABLE ••

VARIABLE
VAR66
VAR67
VAR61
VAR63
VAR24
VAR64(CONSTANT)

CTEF193 CAT-EFF 19 DPTH 3 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

MULTIPLE R R SQUARE RSQ CHANGE
0.92198 0.85005 0.85005
0.94372 0.89060 0.04055
0.97182 0.94444 0.05383
0.97488 0.95039 0.00596
0.99472 0.98947 0.03908
0.99637 0.99276 0.00329

B
-29.06745

58.25827
79.96291

-64.77023
-18.57872
-5.285413

642.8158

BETA
-0.61985

1.10213
2.60460

-1.87071
-0.42459
-0.12317

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 35. Correlation matrix showing the simple bivariate Pearson product moment correlation coefficients between all
possible pairs of variables In the ten year (1964-1973)data set used to relate brown shrimp total catch and in·
tervlew catch/effort variables to precipitation variables.

(UNITS GIVEN IN T~E 3)
VARI VAR2 VAR91 CTEFI8 CTEFI9 CTEfl93 VAR13 VARI8 VARI9 VAR41 VAR89 VAR90

VARI 1.00000 0.69666 0.73445 0.80418 0.18314 0.65591 -0.31114 -0.15429 -0. t7IUO 0.35665 -0.32031 0.00366
VAR2 0.69666 1.00000 0.69469 0.62191 0.19606 0.65812 -0.63361 -0.56596 -0.60604 0.30642 0.05016 0.05288
VAR91 0.13445 0.69469 1.00000 0.51652 0.52420 0.63296 -0.10215 -0. tt553 0.02541 0.36032 -0. I1590 -0.06291
CTEFI8 0.80418 0.82191 0.51652 1.00000 0.95965 0.93194 -0.55386 -0.365~9 -0.56364 0.25900 -0.11249 0.18301
CTEFI9 0.18314 0.19606 0.52420 0.95965 1.00000 0.96682 -0.55303 -0.29555 -0.54434 0.10439 -0. tt928 0.03146
CTEfl93 0.85591 0.85812 0.63296 0.93194 0.96682 1.00000 -0.53191 -0.40653 -0.50582 0.15631 -0.06711 0.06019
VARI3 -0.31114 -0.63361 -0.10215 -0.55366 -0.55303 -0.53191 1.00000 0.63491 0.82010 -0.44244 0.33953 0.00113
VARI6 -0.15429 -0.56596 -0. tl553 -0.36559 -0.29555 -0.40653 0.63491 1.00000 0.65916 -0.32958 -0.04107 -0.55031
VARI9 -0.17180 -0.60804 0.02547 -0.56364 -0.54434 -0.50582 0.82010 0.65916 1.00000 -0.05446 -0.10629 -0.32345
VAR41 0.35665 0.30642 0.36032 0.25900 0.10439 0.15837 -0.44244 -0.32958 -0.05446 1.00000 -0.71895 0.10626

N VAR89 -0.32031 0.05016 -0. tt5!lO -0.17249 -0.11928 -0.087tt 0.33953 -0.04101 -0.10629 -0.71895 1.00000 0.06900~ VAR90 0.00366 0.05268 -0.06291 0.18307 0.03746 0.08019 0.00tt3 -0.55031 -0.32345 0.10626 0.06900 1.00000'-I
VARI08 0.00390 -0.39514 -0.31924 -0.24148 -0.28431 -0.31660 0.16290 0.38180 0.31223 -0.02243 -0.26240 -0.26625
VARI09 -0.32513 -0.53422 0.02558 -0.55744 -0.64151 -0.61406 0.66485 0.42750 0.82149 0.28942 -0.22521 -0.05262
VARIIO 0.25115 -0.19531 0.09158 -0.09761 -0.01591 0.01656 0.10543 0.42119 0.55730 0.23923 -0.49180 -0.63775

VARI08 VARI09 VAAl 10
VARI 0.00390 -0.32573 0.25175
VAR2 -0.39514 -0.53422 -0.19537
VAR91 -0.31924 0.02558 0.09158
CTEfl8 -0.24748 -0.55144 -0.09761
CTEFI9 -0.28431 -0.64157 -0.01591
CTEfl93 -0.31660 -0.61406 0.01656
VARn 0.16290 0.66485 0.10543
VARI8 0.38180 0.42750 0.42119
VAAI9 0.31223 0.82149 0.55730
VAR41 -0.02243 0.28942 0.23923
VAR89 -0.26240 -0.22521 -0.49160
VAR90 -0.26625 -0.05262 -0.63775
VAAl 08 1.00000 0.02521 0.19284
VARI09 0.02521 1.00000 0.32865
VAAl 10 0.19284 0.32865 1.00000

SEE TMiLES 5 AtlD I fOR REfERENCE NlH:IER AtlD VARIIBLE NAIE. RESPECTIVELY.



Table 36. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 18) with
precipitation variables for the ten year (1964-1973)data set

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR13 ANNUAL FRE PREC 0.63387 0.40180 0.40180 -0.63387 5.239923 2.17041

N VAR108 MAR FRE PREC 0.69951 0.48931 0.08752 -0.39514 -13.08647 -0.66547
I-' VAR89 JUL-SEP FRE PREC 0.72569 0.52663 0.03731 0.05076 -0.3117359 -0.0522400 VAR41 LAG ANNUAL FRE PREC 0.78845 0.62165 0.09502 0.30642 4.888465 1.94273

VAR109 APR FRE PREC 0.90054 0.81098 0.18933 -0.53422 -22.71534 -2.22841
VAR90 OCT-DEC FRE PREC 0.96249 0.92638 0.11540 0.05288 -5.677485 -1.02142
VAR110 MAY FRE PREC 0.97356 0.94781 0.02143 -0.19537 -6.334541 -0.51885
VAR18 JAN-MAR FRE PREC 0.98400 0.96826 0.02045 -0.56596 -2.643575 -0.44281
(CONSTANT) -255.9287- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .
SEE TABLES 5 AND 1 FOR REFERENCE NU~~ER AND VARIABLE NAME, RESPECTIVELY.



Table 37. Summary of I8sults of stepwise multiple I8gl8sslon analysis of brown shrimp total catch (al8a 19) with
pl8Clpltation variables for the ten year (1964-1973)data set.

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MULT1PLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR41 LAG ANNUAL FRE PREC 0.35665 0.12720 0.12720 0.35665 8.348147 2.33215
VAR109 APR FRE PREC 0.57273 0.32801 0.20082 -0.32573 -45.49315 -3.13723

N VAR13 ANNUAL FRE PREC 0.84153 0.70817 0.38015 -0.31714 11.09159 3.22951•.... VAR110 MAY FRE PREC 0.90556 0.82005 0.11188 0.25175 -1.701865 -0.09799\D

VAR108 MAR FRE PREC 0.95407 0.91024 0.09020 0.00390 -16.67011 -0.59590
VAR90 OCT-DEC FRE PREC 0.98631 0.97280 0.06256 0.00366 -5.859858 -0.74107
VAR89 JUL-SEP FRE PREC 0.99142 0.98291 0.01011 -0.32037 -3.995337 -0.47064
VAR18 JAN-MAR FRE PREC 0.99480 0.98962 0.00670 -0.15429 -2.153006 -0.25351
(CONSTANT) -548.8942

SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME. RESPECTIVELY.



Table 38. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 19,11·15fathom
depths) with precipitation variables for the ten year (1964-1973)data set

BETA
2.45106

-1.1/083
-U.91494
-u.21723

1.93213
-5.21706
-1.16618

1.91139

B
5.863638

-22.06981
-4.8/4809
-1.242584

4.4712/8
-j1.43375
-13.64759

5.996731
-267.2612

SIMPLE R
0.36032

-u.31924
-u.06291
-0.11590
-u.10215

0.02558
0.09158
0.02547

MULTIPLE R
0.36032
0.47612
0.51310
0.53984
0.55511
0.88349
0.93816
0.99734

tOT CAT 19 DPTH 3 (POUNDS, HEADS OFf) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.12983 0.12983
0.22669 0.09686
0.26327 0.03658
0.29143 0.02816
0.30815 0.01672
0.78055 0.47240
0.88015 0.09960
0.99468 0.11453

VAR91

(UNITS GIVEN IN TABLE 3)
LAG ANNUAL fRE PREC
MAR fRE PREC
OCT-DEC fRE PREC
JUL-SEP fRE PREC
ANNUAL FRE PREC
APR FRE PREC
f~AYFRE PREC
APR-JUN FRE PREC

DEPENDENT VARIABLE ••

VARIABLE
VAR41
VAR108
VAR90
VAR89
VAR13
VAR109
VAR110
VAR19
(CONSTANT>

N
Na

SEE TABLES 5 AND 1 fOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 39. Summary o' results o' stepwise multiple regression analysis o' brown shrimp Interview catch/effort (area 16)
with precipitation variables 'or the ten year (1964-1973)data set.

DEPENDENT VARIABLE •• CTEF18 CAT-EFF 18 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR19 APR-JUN FRE PREC 0.56364 0.31769 0.31769 -0.56364 -7.732902 -0.26203

N VAR110 MAY FRE PREC 0.62104 0.38569 0.06799 -0.09761 -19.21214 -0.17452
N~ VAR90 OCT-DEC FRE PREC 0.64880 0.42094 0.03525 0.18307 -22.04839 -0.43992

VAR109 APR FRE PREC 0.66882 0.44732 0.02638 -0.55744 -208.0442 -2.26351
VAR41 LAG ANNUAL FRE PREC 0.72979 0.53259 0.08527 0.25900 36.55495 1.61116
VARt3 ANNUAL FRE PREC 0.81168 0.65883 0.12624 -0.55386 46.36448 2.12988
VAR108 MAR FRE PREC 0.87879 0.77226 0.11343 -0.24748 -107.4406 -0.60594
VAR89 JUL-SEP FRE PREC 0.89514 0.80128 0.02902 -0.17249 -21.13156 -0.39273
(CONSTANT> -2051 .835

SEE TABLES 5 AND 1 FOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 40. Summary of results of stepwise multiple regression analysis of brown shrimp Interview catch/effort (area 19)
with precipitation variables for the ten year (1964-1973)data set.

DEPENDENT VARIABLE •• CTEf19 CAT-Eff 19 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR109 APR FRE PREC 0.64157 0.41162 0.41162 -0.64157 -171.0725 -2.47365
VAR41 LAG ANNUAL FRE PREC 0.70954 0.50345 0.09183 0.10439 21.55292 1.26250

N VAR108 MAR FRE PREC 0.75531 0.57049 0.06704 -0.28431 -107.7819 -0.80786
N VAR19 APR-JUN fRE PREC 0.84552 0.71490 0.14441 -0.54434 27.18941 1.22442N VAR13 ANNUAL FRE PREC 0.87718 0.76945 0.05455 -0.55303 9.087798 0.55483

VAR18 JAN-MAR FRE PREC 0.91485 0.83695 0.06750 -0.29555 18.88717 0.46632
VAR110 MAY FRE PREC 0.92392 0.85363 0.01667 -0.01591 -28.28870 -0.34152
VAR89 JUL-SEP FRE PREC 0.92527 0.85613 0.00250 -0.11928 -4.534083 -0.11199
(CONSTANT) -596.1893- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .
SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 41. Summary of results of stepwise multiple regression analysis of brown shrimp interview catch/effort (area
19,11·15 fathom depths) with precipitation variables for the ten year (1964-1973)data set.

DEPENDENT VARIABLE •• CTEF193 CAT-EFF 19 DPTH 3 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

VARIABLE (UNITS GIVEN IN'TABlE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR109 APR FRE PREC 0.61406 0.37708 0.37708 -0.61406 -177 .7807 -2.75746
VAR41 lAG ANNUAL FRE PREC 0.70736 0.50036 0.12328 0.15837 24.85049 1.56144
VAR13 ANNUAL FRE PREC 0.76852 0.59062 0.09026 -0.53791 14.20092 0.93000

N VAR108 MAR FRE PREC 0.88067 0.77558 0.18497 -0.31660 -102.7364 -0.82600
N VAR19 APR-JUN FRE PREC 0.95500 0.91202 0.13644 -0.50582 27.43437 1.32523w VAR18 JAN-MAR FRE PREC 0.96122 0.92395 0.01193 -0.40653 7.803800 0.20667

VARll0 MAY FRE PREC 0.96732 0.93570 0.01175 0.01656 -20.47711 -0.26518
VAR90 OCT-DEC FRE PREC 0.96787 0.93677 0.00107 0.08019 -2.761015 -0.07854
(CONSTANT) -899.7254

SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 42. Correlation matrix showing the simple bivariate Pearson product moment correlation coefficients between all
possible pairs of variables In the ten year (1964-1973)data set used to relate brown shrimp total catch and In·
tervlew catch/effort variables to temperature variables.

(UNITS GIVEN IN TABLE 3.•
VAAl VAA2 VAA91 CTEFI8 CTEFI9 CTEF193 VAA20 VAA21 VAA22 VAA23 VAA36 VAA37

VAAl 1.00000 0.69666 0.73445 0.80478 0.78314 0.85591 0.03034 0.39840 -0.41880 0.50563 0.10674 0.31212
VAA2 0.69666 1.00000 0.69469 0.82191 0.79606 0.85812 0.56141 0.49409 0.16487 0.63345 0.19835 0.23821
VAA91 0.73445 0.69469 1.00000 0.51652 0.52420 0.63296 0.10291 0.30720 -0.02813 0.50580 0.08168 0.05665
CTEFI8 0.80478 0.82191 0.51652 1.00000 0.95965 0.93194 0.27201 0.69413 -0.23099 0.69027 0.32283 0.10947
CTEFI9 0.78314 0.79606 0.52420 0.95965 1.00000 0.96682 0.26819 0.66521 -0.11830 0.67012 0.3:5898 -0.03867
CTEFI93 0.85591 0.85812 0.63296 0.93194 0.96682 1.00000 0.26238 0.51032 -0.10797 0.55422 0.27968 0.07919
VAA20 0.03034 0.56141 0.10291 0.27201 0.26819 0.26238 1.00000 0.25066 0.58898 0.33182 -0.41760 -0.03139
VAA21 0.39840 0.49409 0.30720 0.69413 0.66521 0.51032 0.25066 1.00000 -0.25989 0.87415 0.22111 -0.18009

N VAA22 -0.41880 0.16487 -0.02813 -0.23099 -0.11830 -0.10797 0.58898 -0.25989 1.00000 -0.01697 0.00696 -0.28043
N VAA23 0.50563 0.63345 0.50580 0.69027 0.67012 0.55422 0.33182 0.87415 -0.01697 1.00000 0.31119 0.00098.f:::>o

VAR36 0.10674 0.19835 0.08168 0.32283 0.33898 0.27968 -0.41780 0.22111 0.00696 0.31119 1.00000 0.07379
VAR37 0.31212 0.23821 0.05885 0.10947 -0.03887 0.07919 -0.03139 -0.18009 -0.28043 0.00098 0.07379 1.00000
VAR68 0.11444 0.60609 0.36249 0.46352 0.55038 0.47863 0.67851 0.48150 0.63529 0.55994 0.10250 -0.54708
VAA69 0.65060 0.84772 0.67937 0.76206 0.75296 0.77301 0.14361 0.58392 0.00254 0.72529 0.61126 0.25157
VAA70 0.28450 0.38670 0.70266 0.10449 0.15565 0.29057 0.23905 -0.14106 0.56053 -0.02247 -0.23258 -0.40330
VAA71 0.70754 0.60620 0.53471 0.72531 0.74030 0.69832 -0.02633 0.51031 -0.08848 0.76540 0.62059 0.21346
VAA72 -0.25525 0..07088 -0.49622 0.16161 0.12009 0.01435 0.33685 -0.00559 0.42148 0.08294 0.33367 0.02123
VAR73 -0.37010 0.21826 0.06038 -0.04178 -0.08261 -0.07296 0.56784 0.02672 0.56336 -0.05460 -0.21602 -0.42667
VAR74 -0.19369 0.45611 0.00547 0.08976 0.07095 0.08003 0.95331 0.14023 0.65663 0.18250 -0.36795 -0.03239
VAlU5 0.56045 0.63713 0.42405 0.75484 0.68946 0.66095 0.07561 0.38140 0.03636 0.59567 0.64674 0.19569
VAR117 -0.18089 0.46256 0.03702 0.14628 0.20005 0.202i7 0.62978 0.01183 0.85927 0.13402 -0.08364 -0.26686
VAA118 0.53799 0.62907 0.38325 0.83255 0.85291 0.73034 0.23043 0.76662 0.01538 0.83873 0.51239 -0.10553
VAR119 0.20435 0.06756 0.05570 0.36810 0.51125 0.36327 -0.17669 0.67524 -0.28772 0.45088 0.30152 -0.40732



Table 42 continued

VAR68 VAR69 VAR70 VAR71 VAR72 VAR73 VAR14 VAH15 VARI17 VARI18 VARI19
VARI 0.11444 0.65060 0.28450 0.70154 -0.25525 -0.l1010 -0.19l69 0.56045 -0.18089 0.5l799 0.20435
VAR2 0.60609 0.84172 0.38670 0.60620 0.07088 0.21826 0.456t1 0.63713 0.46258 0.62907 0.06756
VAR91 0.36249 0.679l1 0.10266 0.5l471 -0.49622 0.06038 0.00547 0.42405 0.03702 0.38325 0.05570
CTEFI8 0.46352 0.16206 0.10449 0.72531 0.16161 -0.04\18 0.08976 0.75484 0.14828 0.83255 0.36810
CTEf19 0.55038 0.75296 0.15565 0.74030 0.12009 -0.08261 0.07095 0.68946 0.20005 0.85291 0.51125
CTEF193 0.41863 0.77301 0.29057 0.69832 0.01435 -0.07296 0.08003 0.66095 0.202\1 0.73034 0.36321
VAR20 0.67851 0.14361 0.23905 -0.02633 0.33685 0.56784 0.95331 0.01561 0.82978 0.23043 -0.\1669
VAR21 0.48150 0.58392 -0.14106 0.51031 -0.00559 0.02672 0.14023 0.38140 0.01183 0.76662 0.67524
VAR22 0.63529 0.00254 0.56053 -0.08848 0.42148 0.56336 0.65663 0.03838 0.85927 0.01538 -0.28772
VAR23 0.55994 0.72529 -0.02247 0.76540 0.08294 -0.05460 0.18250 0.59587 0.13402 0.83873 0.45088
VAR36 0.10250 0.6t126 -0.23258 0.62059 0.33367 -0.21602 -0.36795 0.64614 -0.08364 0.51239 0.30152

N VAR37 -0.54708 0.25157 -0.40330 0.21346 0.02123 -0.42667 -0.03239 0.19569 -0.26686 -0.10553 -0.40732N VAR68 1.00000 0.43928 0.56788 0.31029 0.31253 0.60795 0.62071 0.39556 0.80256 0.61187 0.22359U1
VAR69 0.43928 1.00000 0.19106 0.80247 -0.00254 -0.05199 0.08303 0.11395 0.14842 0.70263 0.29784
VAR70 0.56788 0.19106 1.00000 -0.0\140 -0.42469 0.53930 0.24690 0.05407 0.52369 -0.07581 -0.27000
VAR71 0.31029 0.80247 -0.0\140 1.00000 0.18219 -0.42043 -0.21564 0.83266 -0.03460 0.82027 0.32535
VAR72 0.31253 -0.00254 -0.42489 0.18219 1.00000 0.17342 0.31065 0.46952 0.52684 0.33383 -0.20638
VAR73 0.60795 -0.05199 0.53930 -0.42043 0.17342 1.00000 0.71074 -0.04793 0.72266 -0.06184 -0.29456
VAR74 0.62071 0.08303 0.24690 -0.21564 0.31065 0.71074 1.00000 -0.05217 0.85528 0.05021 -0.26566
VAA75 0.39556 0.71395 0.05407 0.8j286 0.46952 -0.04793 -0.05217 1.00000 0.19132 0.81087 0.03258
VARI17 0.80256 0.14842 0.52369 -0.03460 0.52684 0.72266 0.85528 0.19132 1.00000 0.20256 -0.24574
VARI18 0.61181 0.70263 -0.07581 0.82027 0.33383 -0.06184 0.05021 0.81087 0.20256 1.00000 0.52819
VARI19 0.22359 0.29784 -0.27000 0.32535 -0.20638 -0.29456 -0.26568 0.03258 -0.24574 0.52819 1.00000

SEE T/alES 5 AND I fOR REfERENCE NUH3ER AND VAR IAlllE NAIE, lliSPECT IVEl Y •



Table 43. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 18) with
temperature variables for the ten year (1964-1973)data set.

BETA
0.52593
0.95400

-0.34057
-0.35101
0.19576
0.06033
0.01134

B
7.844051
21.44820

-4.198103
-11.09709
2.358896

0.9339798
0.1738745
-352.2398

SIMPLE R
0.84574
0.62125
0.21421
0.25974
0.41446
0.61902
0.47106

MULTIPLE R
0.84574
0.97728
0.98539
0.99210
0.99975
1.00000
1.00000

TOT CAT 18 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.71527 0.71527
0.95507 0.23979
0.97099 0.01592
0.98427 0.01328
0.99949 0.01523
0.99999 0.00050
1.00000 0.00001

VAR2

(UNITS GIVEN IN TABLE 3)
APR TPWD GAL TEMP
MAR NOS GAL MEAN TEMP
1ST MAR POSTLAV MIN TEMP
MAR NOS GAL MIN TEMP
MAR TPWD MAT TEMP
APR TPWD MAT TEMP
2ND MAR POSTLAV MIN TEMP

DEPENDENT VARIABLE ••

VARIABLE
VAR69
VARl17
VAR73
VAR22
VAR70
VAR71
VAR74
(CONSTANT)

N
Nm

SEE TABLES 5 AND 1 FOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 44. Summary of results of stepwise mulUple regression analysis of brown shrimp total catch (area 19) with
temperature variables for the ten year (1964-1973)data set.

- - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENT VARIABLE •• VAR1 TOT CAT 19 (POUNDS, HEADS OFf) X 10-5

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR71 APR TPWD MAT TEMP 0.84792 0.71897 0.71897 0.84792 30.90162 1.54669

N VARl17 MAR NOS GAL MEAN TEMP 0.88436 0.78209 0.06312 0.13738 22.73426 0.78358
N VAR74 2ND MAR POSTLAV MIN TEMP 0.92789 0.86099 0.07890 -0.08740 -2.203608 -0.17031'-J

VAR119 MAY NOS GAL MEAN TEMP 0.96001 0.92162 0.06064 0.29251 29.82880 0.46379
VAR23 APR NOS GAL MIN TEMP 0.99677 0.99355 0.07193 0.57460 -15.66120 -0.88920
VAR36 JAN NOS GAL MIN TEMP 0.99996 0.99992 0.00637 0.39227 -2.527318 -0.11074
VAR37 fEB NOS GAL MIN TEMP 1.00000 1.00000 0.00008 0.16277 -2.142937 -0.09391
(CONSTANT) -1320.564

SEE TABLES 5 AND 1 fOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 45. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 19,11.15fathom
depths) with temperature variables for the ten year (1964-1973)data set

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR70 MAR T~iD MAT TEMP 0.76254 0.58146 0.58146 0.76254 7.496925 0.68898

N VAR71 APR TPWD MAT TEMP 0.98630 0.97278 0.39132 0.61167 13.40891 0.95913N
00 VAR75 1ST APR POSTLAV MIN TEMP 0.99640 0.99281 0.02003 0.50436 -2.732969 -0.31020

VAR73 1ST MAR POSTLAV MIN TEMP 0.99986 0.99973 0.00691 0.12525 1.680460 0.15097
VAR72 2ND FEB POSTLAV MIN TEMP 0.99999 0.99998 0.00025 -0.38519 -0.7490867 -0.04982
VAR69 APR TPWD GAL TEMP 1.00000 1.00000 0.00002 0.71213 0.1114726 0.00828
VAR74 2ND MAR POSTlAV MIN TEMP 1.00000 1.00000 0.00000 0.07076 0.5306862E-01 0.00586
(CONSTANT> -340.8310

SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARiABLE NAME, RESPECTIVELY.



Table 46. Summary of results of stepwise multiple regression analysis of brown shrimp interview catch/effort (area 18)
with temperature variables for the ten year (1964·1973)data set.

BETA
1.26156
0.45347

-0.81763
0.29452
0.06203
0.01501
0.00085

B
242.1874
61.42803

-101.3513
26.81960
28.07608
1.969980

0.1371098
-5324.703

SIMPLE R
0.90521
0.79108
0.69733
0.12239
0.38630
0.62480
0.07614

MULTIPLE R
0.90521
0.93019
0.96577
0.99876
0.99997
1.00000
1.00000

CAT-EFF 18 (POUNDS, HEADS OFF/DAY>
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.81941 0.81941
0.86526 0.04585
0.93270 0.06744
0.99752 0.06482
0.99995 0.00242
1.00000 0.00005
1.00000 0.00000

CTEF18

(UNITS GIVEN IN TABLE 3)
APR NOS GAL MEAN TEMP
APR TPWD GAL TEMP
APR NOS GAL MIN TEMP
2ND MAR POSTLAV MIN TEMP
MAY NOS GAL MEAN TEMP
MAR TPWD GAL TEMP
FEB NOS GAL MIN TEMP

DEPENDENT VARIABLE••

VARIABLE
VAR118
VAR69
VAR23
VAR74
VAR119
VAR68
VAR37
(CONSTANT)

N
N
1.0

SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 47. Summary of results of stepwise multiple regression analysis of brown shrimp Interview catch/effort (area 19)
with temperature variables ten year (1964-1973)data set.

DEPENDENT VARIABLE •• CTEF19 CAT-EFF 19 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR118 APR NOS GAL MEAN TEMP 0.88219 0.77826 0.77826 0.88219 214.2380 1.47743

N VAR69 APR TPWD GAL TEMP 0.90705 0.82275 0.04449 0.77254 86.09135 0.84139w VAR23 APR NOS GAL MIN TEMP 0.94571 0.89436 0.07161 0.67313 -87.04381 -0.929650

VAR36 JAN NOS GAL MIN TEMP 0.98740 0.97495 0.08059 0.36090 -42.97955 -0.35424
VAR75 1ST APR POSTLAV MIN TEMP 0.99986 0.99972 0.02477 0.70238 -19.85197 -0.29659
VAR73 1ST MAR POSTLAV MIN TEMP 1.00000 1.00000 0.00028 -0.10060 -1.633896 -0.01932
VARl19 MAY NOS GAL MEAN TEMP 1.00000 1.00000 0.00000 0.51084 4.425202 0.01294
(CONSTANT) -3906.810

SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 48. Summary of results of stepwise multiple regression analysis of brown shrimp Interview catch/effort (area
19,11-15 fathom depths) with temperature variables for the ten year (1964-1973)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENT VARIABLE •• CTEF193 CAT-EFF 19 DPTH 3 (POUNDS, HEADS OFF/DAY)

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR69 APR TPWD GAL TEMP 0.78802 0.62097 0.62097 0.78802 128.2665 1.34400

N VARl18 APR NOS GAL MEAN TEMP 0.84391 0.71218 0.09121 0.77047 162.9218 1.20459w VAR23 APR NOS GAL MIN TEMP 0.91770 0.84217 0.12999 0.55459 -98.58285 -1.12884f--O

VAR36 JAN NOS GAL MIN TEMP 0.99323 0.98651 0.14434 0.33020 -88.35004 -0.78071
VARl17 MAR NOS GAL MEAN TEMP 0.99980 0.99961 0.01309 0.28957 -33.15434 -0.23046
VAR71 APR TPWD MAT TEMP 1.00000 1.00000 0.00039 0.70687 -5.108399 -0.05157
VAR72 2ND FEB POSTLAV MIN TEMP 1.00000 1.00000 0.00000 0.05619 -0.3285259 -0.00308
(CONSTANT> -2788.570- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 49. Correlation matrix showing the simple bivariate Pearson product moment correlation coefficients between all
possible pairs of variables In the ten year (1964-1973)data set used to relate brown shrimp total catch and In.
tervlew catch/effort variables to wind, tide and Ekman transport variables.

(UNITS GIVEN IN TABLE 31
VARI VAR2 VAR91 CIEfl8 CTEfl9 CIEFI93 VAA26 VAA27 VAR26 VAR29 VAR30 VAR31

VARI 1.00000 0.69666 0.73445 0.80476 0.78314 0.85591 -0.62348 -0.46638 -0.41089 -0.08687 0.07261 -0.562H
VAA2 0.69666 1.00000 0.69469 0.82191 0.79606 0.85812 -0.27998 0.06675 -0.58969 -0.51844 -0.01508 -0.40521
VAR91 0.73445 0.69469 1.00000 0.51652 0.52420 0.63296 -0.14776 -0.03540 -0.52410 -0.41323 -0.21270 -0.57867
CTEfl6 0.60478 0.82191 0.51652 1.00000 0.95965 0.93194 -0.66073 -0.3!}37 -0.42782 -0.07159 0.27152 -0.24891
CTEf19 0.78314 0.79606 0.52420 0.95965 1.00000 0.96682 -0.73545 -0.33808 -0.28391 -0.15750 0.2B77 -0.23827
CTEf193 0.85591 0.85812 0.63296 0.93194 0.96682 1.00000 -0.66259 -0.29956 -0.31568 -0.21944 0.23101 -0.45848
VAR26 -0.62348 -0.27998 -0.14776 -0.66073 -0.73545 -0.66259 1.00000 0.79274 -0.08615 -0.25362 -0.25181 0.02592
VAR27 -0.46638 0.06675 -0.03540 -0.3037 -0.33808 -0.29956 0.79274 1.00000 -0.36377 -0.56560 -0.28043 0.14143
VAR28 -0.41089 -0.58969 -0.52410 -0.42782 -0.28391 -0.31568 -0.08615 -0.36377 1.00000 0.49711 0.35311 -0.00410

N VAll29 -0.06687 -0.51844 -0.41323 -0.01159 -0.15150 -0.21944 -0.25362 -0.56560 0.49711 1.00000 0.63368 0.01403w VAR30 0.01261 -0.01508 -0.21210 0.27152 0.21371 0.23101 -0.25181 -0.28043 0.353\1 0.63368 1.00000 -0.35602
N VAR31 -0.562H -0.40521 -0.57861 -0.24891 -0.23821 -0.45846 0.02592 0.14143 -0.00410 0.01403 -0.35602 1.00000

VAR76 0.31779 0.555\1 0.32125 0.22191 0.21396 0.34489 -0.08496 0.16073 -0.56570 -0.62346 -0.29667 -0.23504
VAR77 -0.18069 -0.15491 -0.32139 -0.11977 -0.33201 -0.20951 0.30118 0.15536 0.00511 0.21554 0.61256 -0.34337
VAR78 0.50383 0.81873 0.65637 0.56626 0.56394 0.59421 -0.05862 0.13952 -0.45037 -0.49114 -0.34386 -0.24670
VAR79 0.33059 0.71937 0.25208 0.38256 0.37567 0.48232 -0.09219 0.07683 -0.28108 -0.50185 -0.12776 -0.33461
VAR80 0.58472 0.71185 0.30020 0.75589 0.70460 0.64097 -0.36246 -0.08885 -0.46675 -0.28788 -0.18821 0.04922
VAR81 0.10738 0.56775 -0.11547 0.36689 0.30467 0.32202 -0.06788 0.22301 -0.39372 -0.43119 -0.06175 0.07614
VARI14 -0.24137 -0.19968 -0.02858 -0.33701 -0.49109 -0.44209 0.38616 0.22408 -0.46486 -0.09807 -0.15250 0.13902
VARI15 0.11693 0.09961 0.14408 -0.21824 -0.21089 -0.04803 0.42899 0.15549 -0.04490 -0.30703 0.19526 -0.66962
VAR116 -0.27826 -0.61389 -0.45198 -0.54479 -0.59781 -0.60740 0.09703 -0.05404 -0.11378 0.21707 -0.57735 0.39606



Table 49 continued

VAR76 VAR77 VArn8 VAR79 VAR80 VARUI VARI14 VARI15 VARI16
VARI 0.31779 -0.16089 0.50383 0.33059 0.58472 0.lon8 -0.24137 O. 11693 -0.27826
VAR2 0."517 -0.15497 0.61873 0.71937 0.71l85 0.56775 -0.19968 0.09961 -0.61389
VAR91 0.32125 -0.32139 0.65637 0.25208 0.30020 -0. tt547 -0.02858 0.14406 -0.45198
ClEf 18 0.22191 -0.17977 0.56626 0.36256 0.75569 0.36669 -0.33701 -0.21824 -0.54479
ClEf I9 0.21396 -0.33201 0.56394 0.37567 0.70460 0.30467 -0.49109 -0.27089 -0.59781
CTEfl93 0.34489 -0.20951 0.59421 0.48232 0.64097 0.32202 -0.44209 -0.04803 -0.60140
VAR26 -0.08498 0.301l8 -0.05662 -0.09219 -0.36246 -0.06788 0.36616 0.42899 0.09703
VAR27 0.16073 0.15536 0.13952 0.07663 -0.08885 0.22301 0.22408 0.15549 -0.05404
VAR28 -0.56570 0.00511 -0.45037 -0.28108 -0.46675 -0.39372 -0.46486 -0.04490 -0. tt378
VAR29 -0.62346 0.27554 -0.49174 -0.50785 -0.28788 -0.4:nI9 -0.09807 -0.30703 0.21707
VAR30 -0.29667 0.61256 -0.34386 -0.12776 -0.18821 -0.06175 -0. I5250 0.19526 -0.57735

N VAR31 -0.23504 -0.34337 -0.24670 -0.33461 0.04922 0.07614 0.13902 -0.66982 0.39606
w VAR76 1.00000 0.15188 0.32751 0.75405 0.20229 0.68290 0.31459 0.36291 0.13109w VAR77 0.15188 1.00000 -0.49849 0.05023 -0.38161 0.19534 0.47923 0.75475 0.32815

VAR78 0.32751 -0.49849 1.00000 0.64184 0.72241 0.39258 -0.37631 -0.10373 -0.74303
VAR79 0.75405 0.05023 0.64164 1.00000 0.50339 0.63506 -0.13466 0.35503 -0.36662
VAR60 0.20229 -0.36161 0.72241 0.50339 1.00000 0.56569 -0.36659 -0.17688 -0.36767
VAR81 0.66290 0.19534 0.39258 0.83506 0.56589 1.00000 0.02483 0.11249 -0.095&1
VARI14 0.31459 0.47923 -0.37631 -0.13486 -0.38859 0.02483 1.00000 0.32797 0.61145
VAR115 0.36291 0.75475 -0.10373 0.35503 -0.17688 0.11249 0.32797 1.00000 0.07516
VARI16 0.13109 0.32815 -0.74303 -0.36662 -0.36767 -0.09511 0.61145 0.07516 1.00000

SEE T,l8LES , AND I FOR REFERENCE HlH3ER AND VARIABLE HAlE. RESPECTIVEL'f.



Table 50. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 18) with wind
tide and Ekman transport variables for the ten year (1964-1973)data set. •

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR78 MAR EKMAN ZONAL INO 0.92059 0.84749 0.84749 0.92059 0.6589543 0.83848
VAR29 APR GAL FASTEST WIND 0.99233 0.98473 0.13723 -0.63957 -2.467324 -0.39669

N VAR116 FEB GAL FAST WIND OIR 0.99697 0.99395 0.00922 -0.61389 0.1130281 0.14523w
..t-- VAR31 APR GAL FAST WIND OIR 0.99948 0.99896 0.00501 -0.41227 -0.5994694E-01 -0.08644

VAR80 APR EKMAN ZONAL INO 0.99991 0.99983 0.00087 0.71914 0.2229301E-01 0.05261
VAR27 APR NOS FRE HI TIDE 0.99995 0.99990 0.00007 0.07476 -1.427450 -0.03143
VAR26 MAR NOS FRE HI TIDE 1.00000 1.00000 0.00010 -0.31846 1.326549 0.02429
VAR114 FEB FRE H I TIDE 1.00000 1.00000 0.00000 -0.20028 -0.3022403E-01 -0.00077
(CONSTANT) 81.34371- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .

SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME. RESPECTIVELY.



Table 51. Summary of results 01 stepwise multiple regression analysis 01 brown shrimp total catch (area 19) with wind,
tide and Ekman transport variables for the ten year (1964-1973)data set.

DEPENDENT VARIABLE •• VAR1 TOT CAT 19 (POUNDS, HEADS OFf) X 10-5

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA

N VAR78 MAR EKMAN ZONAL IND 0.68073 0.46340 0.46340 0.68073 -0.1613404 -0.14723
w VAR26 MAR NOS fRE HI TIDE 0.78880 0.62220 0.15881 -0.61477 -49.23274 -0.64651U1

VAR31 APR GAL fAST WIND DIR 0.89364 0.79859 0.17639 -0.54583 -0.7130235 -0.73730
VAR28 MAR GAL FASTEST WIND 0.96663 0.93438 0.13578 -0.45527 -4.119465 -0.49427
VAR76 FEB EKMAN ZONAL IND 0.99084 0.98176 0.04739 0.35616 -0.4714125 -0.26591
VAR80 APR EKMAN ZONAL IND 0.99959 0.99917 0.01741 0.63091 0.1626091 0.27521
VAR114 FEB FRE HI TIDE 0.99998 0.99997 0.00079 -0.26092 2.448734 0.04488
VAR30 MAR GAL fAST WINO DIR 1.00000 1.00000 0.00003 -0.23980 -0.6334303E-01 -0.03370
(CONSTANT> 591.7583

SEE TABLES 5 AND 1 fOR REfERENCE NU~~ER AND VARIABLE NAME, RESPECTIVELY.



T.able 52. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 19,11-15fathom
depths) with wind, tide, and Ekman transport variables for the ten year (1964-1973)data set.

BETA
0.79434

-1.12022
0.52512

-0.23252
0.15815
0.25561
0.14995

-0.00168

B
0.5889277
-1.348120
0.6296260
-1.364362
5.636500

0.1021775
1.117144

-0.1100486E-02
125.5877

SIMPLE R
0.65711

-0.12130
0.30411

-0.36774
-0.01657
0.26266
0.14406

-0.63317

MULTIPLE R
0.65711
0.79485
0.95464
0.97556
0.96432
0.99112
1.00000
1.00000

(UNITS GIVEN IN TABLE 3)
MAR EKMAN ZONAL IND
APR EKMAN MERlO. INO
FEB EKMAN ZONAL IND
APR GAL FASTEST WIND
FEB FRE HI TtOE
APR EKMAN ZONAL INO
FEB GAL FASTEST WIND
APR GAL FAST WIND OIR

~E;E~D~N~ ~A~I~B~E~.- - ~~9~ - - -T~T-C~T-t~ ~P~H-3- (-P~U;D;,-HiAD-S-OiF)-; ;0--5- - - - - - - - - - - - - - - - - - -
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.43179 0.43179
0.63179 0.20000
0.91134 0.27955
0.95173 0.04038
0.96888 0.01716
0.98232 0.01344
1.00000 0.01768
1.00000 0.00000

VARIABLE
VAR76
VAR61
VAR76
VAR29
VAR114
VAR80
VAR115
VAR31
(CONSTANT)

N
W
0'1

SEE TABLES 5 AND 1 fOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 53. Summary of results of stepwise multiple regression analysis of brown shrimp Interview catch/effort (area 18)
with wind, tide and Ekman transport variables for the ten year (1964·1973)data set.

DEPENDENT VARIABLE •• CTEF18 CAT-EFF 18 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR78 MAR EKMAN ZONAL IND 0.90302 0.81545 0.81545 0.90302 3.161643 0.48350
VAR80 APR EKMAN ZONAL IND 0.95737 0.91655 0.10110 0.88615 1.239077 0.35146

N VAR30 MAR GAL FAST WIND DIR 0.97885 0.95815 0.04160 -0.16440 -0.8794432 -0.07841w.....• VARl14 FEB FRE HI TIDE 0.98956 0.97923 0.02108 -0.39520 -51.46314 -0.15806
VAR28 MAR GAL FASTEST WIND 0.99517 0.99037 0.01114 -0.53349 -9.955502 -0.20019
VAR81 APR EKMAN MERlO. IND 0.99712 0.99425 0.00389 0.40685 -1.781365 -0.16783
VAR29 APR GAL FASTEST WIND 0.99974 0.99947 0.00522 -0.39548 -7.122367 -0.13762
VAR26 MAR NOS FRE HI TIDE 1:00000 1.00000 0.00053 -0.58760 -64.68640 -0.14236
(CONSTANT) 1691 .827

SEE TABLES 5 AND 1 fOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 54. Summaty of results of stepwise multiple regression analysis of brown shrimp Interview catch/effort (area 19)
with wind, tide, and Ekman transport variables for the ten year (1964-1973)data set.

DEPENDENT VARIABLE •• CTEF19 CAT-EFF 19 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR78 MAR EKMAN ZONAL IND 0.83518 0.69752 0.69752 0.83518 -6.977832 -1.37764
VAR26 MAR NOS FRE HI TIDE 0.94108 0.88563 0.18811 -0.70266 -94.58323 -0.26873~ VAR27 APR NOS FRE HI TIDE 0.97110 0.94304 0.05740 -0.23741 -140.4009w -0.47960

J:) VARl16 FEB GAL FAST WIND DIR 0.97659 0.95373 0.01069 -0.59781 -6.013734 -1.19896
VAR28 MAR GAL FASTEST WIND 0.98699 0.97415 0.02042 -0.35312 -57.47927 -1.49216
VARl14 FEB FRE HI TIDE 0.99387 0.98778 0.01364 -0.54114 -179.2115 -0.71058
VAR79 MAR EKMAN MERlO. IND 0.99957 0.99915 0.01137 0.46526 4.151060 0.40689
VARl15 FEB GAL FASTEST WIND 1.00000 1.00000 0.00085 -0.27089 -5.711707 -0.11222
(CONSTANT> 5790.603
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

SEE TABLES 5 AND 1 fOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 55. Summary of results of stepwise multiple regression analysis of brown shrimp IntelVlew catch/effort (area 19,
11·15 fathom depths) with wind, tide, and Ekman transport variables for the ten year (1964-1973)data sel

DEPENDENT VARIABLE •• CTEF193 CAT-EFF 19 DPTH 3 (POUNDS, HEADS OFf/DAY>

BETA
0.57620

-0.73452
-0.34331
-0.40726
0.30700

-0.34331
0.19538
0.06270

B
2.735771

-242.3414
-12.90038
-1.706376
84.24505

-2.636917
0.9186372
0.4831940

1858.570

SIMPLE R
0.85742

-0.62122
-0.50548
-0.42931
-0.19963
0.40875

-0.60740
0.34400

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.73516 0.73516
0.84946 0.11430
0.92724 0.07778
0.96482 0.03758
0.98021 0.01538
0.99326 0.01305
0.99892 0.00566
1.00000 0.00108

MULTIPLE R
0.85742
0.92166
0.96293
0.98225
0.99005
0.99662
0.99946
1.00000

(UNITS GIVEN IN TABLE 3)
MAR EKMAN ZONAL IND
MAR NOS FRE HI TIDE
APR GAL FASTEST WIND
APR GAL FAST WIND DIR
APR NOS FRE HI TIDE
FEB EKMAN ZONAL IND
FEB GAL FAST WIND DIR
APR EKMAN MERlO. IND

VARIABLE
VAR78
VAR26
VAR29
VAR31
VAR27
VAR76
VARl16
VAR81
(CONSTANT>

N
LV
\0

SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 56. Correlation matrix showing the simple bivariate Pearson product moment correlation coefficients between all
possible pairs of variables in the ten year (1964-1973)data set used to relate brown shrimp total catch and In·
tervlew catch/effort variables to recruitment, bay catch and bay effort variables.

(UNITS GIVEN IN TABlE 31
VARI VAR2 VAR91 CTEf16 CTEf19 CTEfl93 BCEI6 BCEI9 BCEtl6 BCELl9 VAI~45 VIIH46VIlIlI 1.00000 0.69666 0.73445 0.8008 0.76314 0.65591 0.59803 -0.10990 -0.12139 0.42863 0.66173 0.61040Villa 0.69666 1.00000 0.69469 0.82191 0.79606 0.85812 0.86343 0.05287 0.03619 0.23269 0.70661 0.87591VI\k91 0.73445 0.69469 1.00000 0.51652 0.52420 0.63296 0.49036 -0.26981 0.32037 0.24896 0.36175 0.62095CTEf16 0.60478 0.82191 0.51652 1.00000 0.95965 0.93194 0.60063 0.08151 -0.14623 0.34980 0.83944 0.80490C1Efl9 0.78314 0.79606 0.52420 0.95965 1.00000 0.96682 0.61109 -0.12072 0.05494 0.45186 0.74768 0.741~4CTEfl93 0.85591 0.85812 0.63296 0.93194 0.96682 1.00000 0.74383 -0.05830 0.09156 0.46732 0.74287 0.72878BCE18 0.59803 0.86343 0.49036 0.60063 0.61109 0.74383 1.00000 0.12610 0.04572 0.27200 0.60912 0.64217BCEI9 -0.10990 0.05287 -0.26981 0.08151 -0.12072 -0.05830 0.12bl0 1.00000 -0.39496 -0.10289 0.28047 0.06521BCE1l8 -0.12139 0.03619 0.32037 -0.14623 0.05494 0.09156 0.04572 -0.39496 1.00000 0.41598 -0.27296 -0.00512BCELl9 0.42863 0.23269 0.24896 0.34980 0.45186 0.46732 0.27200 -0.10289 0.41598 1.00000 0.10560 0.21273VAR45 0.66173 0.70661 0.36175 0.83944 0.74768 0.74287 0.60912 0.28047 -0.27296 0.10560 1.00000 0.82080VAR46 0.61040 0.87591 0.62095 0.80490 0.74154 0.72878 0.64217 0.06521 -0.00512 0.21273 0.82080 1.00000N VAR47 0.18323 0.66530 0.22030 0.57500 0.62649 0.55.)55 0.55805 -0.09233 0.24823 0.11364 0.62524 0.76040~ VAR48 -0.26856 -0.03799 -0.31082 -0.14013 -0.00238 -0.03152 0.23701 -0.23~16 0.29347 -0.04997 0.13974 0.02476a

VAR49 0.06146 0.55834 0.25069 0.43412 0.48795 0.42301 0.44567 -0.12531 0.38818 0.07454 0.53668 0.70704VAR50 -0.35421 0.08533 -0.23304 -0.03744 0.13529 0.06825 0.16253 -0.24493 0.58174 0.32027 -0.21240 -0.00/44VAR51 0.70613 0.79195 0.58756 0.91801 0.85504 0.83457 0.52869 0.15925 -0.043~1 0.18864 0.90307 0.68382VAR52 0.64701 0.68047 0.51986 0.86540 0.80291 0.78478 0.67025 0.10417 -0.20057 0.06063 0.67062 0.93202VAR53 0.31719 0.52691 0.29314 0.27902 0.41689 0.49987 0.73990 -0.37331 0.28162 0.07572 0.29616 0.29335VAR54 0.04587 0.17771 0.50376 0.02418 0.09592 0.12414 0.07354 -0.21906 0.69608 0.05273 0.20103 0.37264VAR55 -0.44859 -0.30901 -0.13196 -0.30563 -0.18016 -0.25945 -0.32751 -0.34512 0.56063 -0.26805 -0.10797 -0.11656VAR56 0.10902 0.22724 0.07839 0.18215 0.26090 0.34227 0.30264 -O.OBOO -0.01892 -0.0783~ -0.09577 -0.21155VAR57 0.48952 0.61621 0.83245 0.44619 0.45444 0.56477 0.43698 0.04845 0.57290 0.40162 0.29116 0.54523VAR58 0.11293 0.03036 0.27442 0.06004 0.04958 0.07751 -0.13262 0.23535 0.24141 0.38768 -0.05840 0.10254VAR59 0.14287 -0.09820 -0.23523 0.01647 -0.00209 0.03934 0.03010 0.11800 -0.40037 0.22245 -0.29738 -0.41616VAR97 0.17770 0.49419 0.08476 0.18333 0.24196 0.39457 0.82377 0.18578 0.08439 0.02511 0.27016 0.16625VAR98 -0.23673 -0.07027 -0.26719 -0.05837 -0.24092 -0.18286 -0.01/56 0.96572 -0.21266 -0.06532 0.14686 -0.00/23VIIR99 -0.62776 -0.27991 -0.65902 -0.43661 -0.41627 -0.38099 0.02646 0.39113 -0.09611 -0.45809 -0.22654 -0.44473VARIOO -0.29147 -0.07837 -0.29387 -0.05894 -0.21144 -0.18195 -0.03~27 0.89153 -0.05466 0.10709 0.10730 0.02843VARIOI -0.36482 0.03072 -0.00940 -0.23485 -0.07206 -0.01822 0.17103 -0.03971 0.84342 0.34724 -0.33226 -0.11160VARI02 0.42343 0.22494 0.26731 0.34655 0.40268 0.40265 0.20542 -0.06428 0.32328 0.97304 0.11846 0.27552VIIHI03 -0.42448 -0.09083 -0.53389 -0.15996 -0.14637 -0.12045 0.11414 0.57401 0.030B 0.14122 -0.22197 -0.29IUVARI04 0.41358 0.32158 0.41243 0.36291 0.34751 0.35706 0.20926 0.09290 0.282/4 0.81564 0.26169 0.49189

Helen.Albertson
Sticky Note



Table 56 continued

VARO VAR48 VAR49 VAR50 VAR51 VAR52 VAR~:S VAR54 VARS5 VARS6 VARS7 VI\RSII
VARI 0.16:S2:S -0.26656 0.06146 -0.:S5421 0.706n 0.64701 0.31119 0.04587 -0:44859 0.16902 0.48952 0.1I29:S
VAR2 0.665:S0 -0.03799 0.556:S4 0.06533 0.79195 0.68047 0.52691 0.17771 -0.30901 0.22724 0.61621 0.0}0:S6
VAR91 0.22030 -0.31062 0.25069 -0.23304 0.56756 0.51986 0.29314 0.50:S76 -0.13196 0.07639 0.8:S245 0.27442
CfEfl6 0.57500 -0.140n 0.43412 -0.03744 0.91801 0.66540 0.27902 0.02418 -0.30563 0.18215 0.44619 0.06004
CTEfl9 0.62649 -0.00236 0.46795 0.11529 0.65504 0.60291 0.41689 0.09592 -0.18016 0.26090 0.45444 0.04958
CTEfl93 0.55355 -0.03152 0.42301 0.06825 0.83457 0.78476 0.49987 0.12414 -0.25945 0.34227 0.56477 0.07751
8CEI6 0.55805 0.23701 0.44567 0.16253 0.52869 0.67025 0.73990 0.07354 -0.32751 0.:S0264 0.43696 -0.n262
8CEI9 -0.09233 -0.23516 -0. I 25:S1 -0'. 2449:S 0.15925 0.10417 -0.37331 -0.21906 -0.34512 -o.onoo 0.04845 0.23~j5
8CE1I6 0.24623 0.29347 0.38818 0.56174 -0.04357 -0.20057 0.28162 0.69608 0.56083 -0.01692 0.57290 0.24141
8CE1I9 0.11364 -0.04997 0.07454 0.:S2027 0.16684 0.06083 0.07572 0.052H -0.20605 -0.07835 0.40162 0.36766
VAR45 0.62524 0.13974 0.53668 -0.21240 0.90307 0.67062 0.29616 0.20103 -0.10/97 -0.09577 0 •.29176 -0.05840
VAR46 0.76040 0.02476 0.70704 -0.00744 0.88382 0.9}202 0.29335 0.37264 -0.11656 -0.21155 0.54523 0.10254N VAIl47 1.00000 0.55629 0.96444 0.53372 0.63739 0.70543 0.56226 0.41165 0.33141 -0.13999 0.282/2 -0.24082~
VAR48 0.55829 1.00000 0.59664 0.55835 -0.08696 -0.00/79 0.64639 0.30\154 0.62410 -0.19449 -0.26946 -0.56566l-'
VAR49 0.96444 0.59664 1.00000 0.53398 0.56803 0.57978 0.51644 0.59902 0.50521 -0.29112 0.3550:S -0.23497
VAR50 0.53372 0.55835 0.53398 1.00000 -0.14550 -0.10511 0.44066 0.09:S04 0.35967 0.08019 0.04369 -0.26285
VAR51 0.63n9 -0.06698 0.56803 -0.14550 1.00000 0.90174· 0.19309 0.3:S979 -0.06695 0.00229 0.56309 0.17490
VAR52 0.70543 -0.00779 0.57978 -0.10511 0.90174 1.00000 0.:S1341 0.16808 -0.21986 0.04722 0.37570 0.08201
VAR53 0.56228 0.64639 0.51644 0.44066 0.19:S09 0.31341 1.00000 0.18205 0.17251 0.:S1637 0.16151 -0.57131
VAR54 0.41165 0.30954 0.59902 0.09304 0.:S:S979 0.16808 0.18205 1.00000 0.69493 -0.40018 0.60989 0.21016
VAR55 0.33141 0.62410 0.50521 0.35987 -0.06695 -0.21986 0.17251 0.69493 1.00000 -0.29726 -0.00106 -0.23164
VAR56 -0.n999 -0.19449 -0.29112 0.08019 0.00229 0.04722 0.31637 -0.40018 -0.29726 1.00000 0.05615 -0.00448
VAIl57 0.28272 -0.26948 0.3550:S 0.04369 0.56309 0.37570 0.16151 0.60989 -0.00106 0.05615 1.00000 0.44198
VAR58 -0.24082 -0.56566 -0.23497 -0.26285 0.17490 0.08201 -0.57nl 0.21016 -0.23164 -0.00448 0.44198 1.00000
VAR59 -0.52152 -0.43251 -0.68243 -0.0:S902 -0.33685 -0.26612 -0.08194 -0.88637 -0.74614 0.56068 -0.28576 -0.07144
VAR97 0.}54}5 0.45413 0.25716 0.30499 0.10936 0.27148 0.77754 -0.06230 -0.14008 0.5181/ 0.12698 -0.29560
VAR98 -0.14040 -0.23936 -0.11723 -0.19988 0.07823 -0.02850 -0.48129 -0.05765 -0.19984 -0.12605 0.12434 0.35870
VAR99 -0.01696 0.42950 -0.05492 0.27325 -0.41061 -0.27761 0.15457 -0.24783 0.1/729 0.}676:S -0.45528 -0.24723
VARIOO -0.02:S78 -0.13644 0.02223 0.01676 0.05882 -0.07046 -0.45271 0.01343 -0.11 258 -0.26756 0.16932 0.33~07
VARIOI 0.27571 0.37609 0.35961 0.78103 -0.19735 -0.25796 0.30549 0.39286 0.387n 0.12798 0.39615 0.13605
VARI02 0.09094 -0.14606 0.06687 0.23280 0.20243 0.10350 -0.05100 0.04548 -0.32430 -0.24284 0.39648 0.40049
VARI03 -0.03621 0.04932 -0.12971 0.4:S398 -0.25981 -0.19381 -0.08523 -0.40580 -0.22825 0.40209 -0.13748 0.19193
VARI04 0.16708 -0.23361 0.18728 0.03145 0.36661 0.27588 -0.19926 0.27549 -0.27712 -0.46075 0.54348 0.57449



Table 56 continued

VAR59 VAR9-/ VAR96 VAR99 VARIOO VARIOI VAlU02 VAHI03 VANI04VARI 0.14267 0.17770 -0.236H -0.62776 -0.29147 -0.36462 0.42343 -0.42446 0.41356VAR2 -0.09620 0.49419 -0.07027 -0.27991 -0.07837 0.03072 0.22494 -0.090113 0.32158VAR91 -0.23523 0.08476 -0.26719 -0.65902 -0.29387 -0.00940 0.26HI -0.53389 0.41243CTEfl8 0.01647 0.18333 -0.05837 -0.43661 -0.05894 -0.23485 0.34655 -0.15996 0.36291CTEfl9 -0.00209 0.24196 -0.24092 -0.41627 -0.21144 -0.07206 0.40268 -0.14837 0.34751CTEfl93 0.03934 0.39457 -0.18286 -0.38099 -0.18195 -0.01822 0.40265 -0.12045 0.35706BCEI8 0.03010 0.82377 -0.01756 0.02646 -0.03527 0.17103 0.20542 0.11414 0.20926BCEI9 0.11800 0.18578 0.96572 0.39113 0.89153 -0.03971 -0.06428 0.5740/ 0.09290BCEll8 -0.40037 0.08439 -0.21266 -0.09611 -0.05466 0.84342 0.32328 0.03013 0.262/4BCE119 0.22245 0.02511 -0.06532 -0.45809 0.10709 0.34724 0.9H04 0.14122 0.81564VAR45 -0.29H8 0.27016 0.14686 -0.22654 o.lono -0.33226 0.11846 -0.22197 0.26169N VAR46 -0.41616 0.16625 -0.00723 -0.444H 0.02643 -0.11160 0.27552 -0.29IU 0.49189~
N VIIR47 -0.52152 0.35H5 -0.14040 -0.01696 -0.02378 0.27571 0.09094 -0.03621 0.16708VAR48 -0.43251 0.45413 -0:23936 0.42950 -0.13644 0.31609 -0.14606 0.04932 -0.2j361VAR49 -0.68243 0.25116 -0.11123 -0.05492 0.02223 0.35961 0.06681 -0.12971 0.18728VAR50 -0.03902 0.30499 -0.19988 0.21325 0.01676 0.18103 0.23280 0.43398 0.03145VAR51 -0.33685 0.10936 0.01823 -0.41061 0.05882 -0.19135 0.20243 -0.25981 0.36661VAR52 -0.26612 0.21148 -0.02850 -0.27761 -0.01046 -0.25196 0.10350 -0.19301 0.21566VAR53 -0.08194 0.77154 -0.48129 0.15451 -0.45271 0.30549 -0.05100 -0.0652:s -0.19926VAR54 -0.88637 -0.06230 -0.05165 -0.24183 0.01343 0.39266 0.04548 -0.40560 0.27549VAR55 -0.74614 -0.14008 -0.19964 0.11729 -0.11258 0.36713 -0.32430 -0.22625 -0.27712VAR56 0.56068 0.51817 -0.12605 0.36763 -0.26756 0.12798 -0.24264 0.40209 -0.46015VAR57 -0.28576 0.12698 0.12H4 -0.45526 0.16932 0.39615 0.39646 -0.13748 0.5H46VAR58 -0.01144 -0.29560 0.35670 -0.24723 0.33207 0.13605 0.40649 0.19193 0.51449VAR59 1.00000 0.13535 -0.00839 0.08285 -0.05671 -0.17520 0.18969 0.39602 -0.10954VAR91 0.13535 1.00000 0.06009 0.53993 0.00690 0.37153 -0.11818 0.42652 -0.21450VAR96 -0.00839 0.06009 1.00000 0.36026 0.95H3 0.09726 -0.02019 0.56515 0.16670VAR99 0.08265 0.53993 0.36028 1.00000 0.26218 0.32399 -0.57520 0.10924 -0.63961VARIOO -0.05671 0.00690 0.95133 0.28210 1.00000 0.25522 0.16210 0.56326 0.3199jVARIOI -0.17520 0.37153 0.09726 0.32399 0.25522 1.00000 0.23621 0.5n21 0.15315V,o,RI02 0.16989 -0.11616 -0.02019 -0.51520 0.16210 0.23621 1.00000 0.05045 0.900nVARI03 0.j9602 0.42852 0.56515 0.70924 0.56326 0.51321 0.05045 1.00000 -0.06785VARI04 -0.10954 -0.21450 0.16810 -0.63961 0.J1993 0.15315 0.90073 -0.06765 \.00000

SEE TnlLES 5 AND I FOR REFERENCENlJI.'BERAt/D VARlnlLE NAIE, RESPECTIva Y.



Table 57. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 18) with recruit.
ment, bay catch and bay effort variables for the ten year (1964-1973)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENT VARIABLE •• VAR2 TOT CAT 18 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR52 MAY TPWD SEC GAL CAT-EFF 0.88047 0.77523 0.77523 0.88047 0.2304703 1.32833
VAR57 FEB POSTLARVAL CAT-TOW 0.93278 0.87008 0.09485 0.61621 0.1778547 0.40825
VAR97 BAY CAT 18 0.96743 0.93591 0.06584 0.49419 0.1072672 0.12455

N VAR59 APR POSTLARVAL CAT-TOW 0.97959 0.95959 0.02368 -0.09820 -0.1100468 -0.36983.p.
w VAR58 MAR POSTLARVAL CAT-TOW 0.98884 0.97780 0.01820 0.03036 -0.1437262 -0.36349

VAR50 APR TPWD TER MAT CAT-EFF 0.99085 0.98178 0.00398 0.08533 0.2555472 0.68700
VAR55 MAY TPWD SEC MAT CAT-EFF 0.99535 0.99071 0.00894 -0.30901 -0.2958010 -0.28236
VAR47 APR TPWD TER GAL CAT-EFF 0.99994 0.99987 0.00916 0.66530 -0.2499885 -0.98531
VAR100 BAY TRIPS 19 1.00000 1.00000 0.00013 -0.07837 -0.1275850 -0.02175
(CONSTANT) 58.95825

SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 58. Summary of results of stepwi~e multiple regression analysis of brown shrimp total catch (area 19)with recruit·
ment, bay catch and bay effort variables for the ten year (1964-1973)data set

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENT VARIABLE •• VARl TOT CAT 19 (POUNDS, HEADS OFF) X 10-5

SUMMARYTABLE
VARIABLE <UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR51 MAY TPWD PRI GAL CAT-EFF 0.70613 0.49862 0.49862 0.70613 0.3272124 0.71604
VAR59 APR POSTLARVAL CAT-TOW 0.81372 0.66213 0.16351 0.14287 0.1002507 0.23683

N VAR103 LAG BAY TRIPS 18 0.91170 0.83120 0.16907 -0.42448 -4.769723 -0.42784
~ VAR97 BAY CAT 18 0.94176 0.88691 0.05571 0.17770 0.2460263 0.20081~

VAR58 MAR POSTLARVAL CAT-TOW 0.98004 0.96048 0.07357 0.11293 0.4462066E-Ol 0.07933
VAR102 LAG BAY CAT 19 0.99404 0.98811 0.02763 0.42343 0.4784416 0.31122
VAR49 APR TPWD SEC MAT CAT-EFF 0.99928 0.99856 0.01045 0.08146 -0.6897707 -0.37688
VAR53 MAY TPWD TER GAL CAT-EFF 0.99996 0.99991 0.00136 0.31719 0.1158703 0.30639
VAR50 APR TAWD TER MAT CAT-EFF 1.00000 1.00000 0.00009 -0.35421 -0.5382634E-01 -0.10172
(CONSTANT> 98.53147
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 59. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 19, 11.15
fathom depths) with recruitment, bay catch and bay effort variables for the ten year (1964-1973)data set

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENT VARIABLE •• VAR91 TOT CAT 19 DpTH 3 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR57 FEB POSTLARVAL CAT-TOW 0.83245 0.69297 0.69297 0.83245 0.3700195 0.88607
VAR100 BAY TRIPS 19 0.94214 0.88762 0.19465 -0.29387 -3.064824 -0.54515
VAR101 LAG BAY CAT 18 0.98397 0.96820 0.08058 -0.00939 -0.1631154 -0.20434
VAR97 BAY CAT 18 0.98731 0.97478 0.00658 0.08476 0.3289064 0.39843

N VAR56 MAY TPWD TER MAT CAT-EFF 0.99234 0.98474 0.00996 0.07839 -0.1255079 -0.29329.f:>
li1 VAR48 APR TPWD PRI MAT CAT-EFF 0.99856 0.99711 0.01237 -0 •.31082 -0.5041287 -0.28655

VAR59 APR POSTLARVAL CAT-TOW 0.99988 0.99977 0.00265 -0.23523 -0.1941714E-01 -0.06808
VAR53 MAY TPWD TER GAL CAT-EFF 0.99999 0.99997 0.00020 0.29314 -0. 1658794E-01 -0.06510
VAR50 APR TPWD TER MAT CAT-EFF 1.00000 1.00000 0.00003 -0.23304 -0.5344348E-02 -0.01499
(CONSTANT) 87.52880

SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 60. Summary of results of stepwise multiple regression analysis of brown shrimp Interview catch/effort (area 18)
with recruitment, bay catch and bay effort variables for the ten year (1964--1973)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .
DEPENDENT VARIABLE •• CTEF18 CAT-EFF 18 (POUNDS, HEADS OfF/DAY)

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR51 MAY TPWD PRI GAL CAT-EFF 0.91801 0.84274 0.84274 0.91801 3.163289 1.09212

'\) VAR59 APR POSTLARVAL CAT-TOW 0.98102 0.96240 0.11966 0.01647 1.428764 0.53252
po VAR47 APR TPWD TER GAL CAT-EFF 0.99196 0.98399 0.02159 0.57500 0.2837709 0.12404:l'\ BCE19 BAY CAT-TRIP 19 0.99746 0.99492 0.01094 0.08151 -2.251975 -0.11756

VAR56 MAY TPWD TER MAT CAT-EFF 0.99939 0.99879 0.00386 0.18215 -0.3289962 -0.08173
VAR48 APR TPWD PRI MAT CAT-EFF 0.99983 0.99966 0.00088 -0.14013 1.558147 0.09415
VAR45 APR TPWD PRI GAL CAT-EFF 0.99995 0.99990 0.00023 0.83944 -1.579195 -0.04761
VAR53 MAY TPWD TER GAL CAT-EFF 1.00000 1.00000 0.00010 0.27902 -0.5528507E-Ol -0.02306
BCEL19 BAY CAT-TRIP 19 1.00000 1.00000 0.00000 0.34980 0.9796984E-Ol 0.00399
(CONSTANT) 197.1976

SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 61. Summary of results of stepwise multiple regression analysis of brown shrimp Interview catch/effort (area 19)
with recruitment, bay catch and bay effort variables for the ten year (1964-1973)data sel

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENT VARIABLE •• CTEF19 CAT-EFF 19 (POUNDS, HEADS OFf/DAY)

SUMMARYTABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR51 MAY TPWD PRI GAL CAT-EFF 0.85504 0.73110 0.73110 0.85504 2.527632 1.15978

N
VAR59 APR POSTLARVAL CAT-TOVI 0.90737 0.82332 0.09222 -0.00209 1.100815 0.54529.po

-....J
BCE19 BAY CAT-TRIP 19 0.96275 0.92689 0.10357 -0.12072 -4.395282 -0.30495
VAR50 APR TPWD TER MAT CAT-EFF 0.98958 0.97927 0.05238 0.13529 0.3348730 0.13269
VAR48 APR TPWD PRt MAT CAT-EFF 0.99391 0.98786 0.00859 -0.00238 3.487164 0.28004
VAR58 MAR POSTLARVAL CAT-TOW 0.99964 0.99929 0.01143 .0.04958 0.3975117 0.14818
VAR52 MAY TPWD SEC GAL CAT-EFF 0.99998 0.99995 0.00066 0.80291 -0.6816055E-01 -0.05790
VAR53 MAY TPWD TER GAL CAT-EFF 1.00000 1.00000 0.00005 0.41689 -0.2340434E-01 -0.01298
VAR55 MAY TPWD SEC MAT CAT-EFF 1.00000 1.00000 0.00000 -0.18016 0.2919179E-02 0.00041
(CONSTANT> 192.9856

SEE TABLES 5 AND 1 fOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 62. Summary of results of stepwise multiple regression analysis of brown shrimp Interview catch/effort (area 19,
11·15 fathom depths) with recruitment, bay catch and bay effort variables for the ten year (1964-1973)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENT VARIABLE •• CTEF193 CAT-EFF 19 DPTH 3 (POUNDS. HEADS OFF/DAY)

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA

N VAR51 MAY TPWD PRI GAL CAT-Eff 0.83457 0.69650 0.69650 0.83457 2.110149 1.03858~co BCE18 BAY CAT-TRIP 18 0.90747 0.82349 0.12699 0.74383 2.189577 0.24911
VAR59 APR POSTLARVAL CAT-TOW 0.94297 0.88920 0.06571 0.03934 0.8685511 0.46150
BCE19 BAY CAT-TRIP 19 0.97858 0.95761 0.06841 -0.05830 -2.683708 -0.19973
BCEL18 LAG BAY CAT-TRIP 18 0.99331 0.98666 0.02905 0.09156 1.863485 0.22060
VAR48 APR TPWD PRI MAT CAT-EFF 0.99622 0.99246 0.00580 -0.03152 2.451730 0.21120
VAR49 APR TPWD SEC MAT CAT-Eff 0.99989 0.99978 0.00732 0.42301 -1.400314 -0.17209
VAR58 MAR POSTLARVAL CAT-TOW 1.00000 0.99999 0.00022 0.07751 0.9332167E-01 0.03732
VAR52 MAY TPWD SEC GAL CAT-EfF 1.00000 1.00000 0.00001 0.78478 -0.3566009E-01 -0.03250
(CONSTANT) 251.3212
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 AND 1 fOR REfERENCE NUMBER AND VARIABLE NAME. RESPECTIVELY.



Table 63. Summary statistics for the eighteen year (1960-1977) data set used to develop the
stepwise multiple regression models relating brown shrimp total catch and interview
catch/effort variables to environmental variables and indices of recruitment

(UNITS GIVEN IN TP-BLE3)
VARIABLE MEAN STANDARD DI:.V CASES
VAR2 45.9188 26.8701 18
VARl 104.9322 41.4248 18
VAR91 44.0505 25.2547 18
CTEF18 559.2587 231.0820 18
CTEF19 510.0411 171.5263 18
CTEF193 624.0893 182.6940 18
XE18 89.108J 32.7578 18
XE19 203.3556 52.0091 18
XE193 69.3395 32.3205 18
VAR11 163.2923 35.9985 18
VAR12 501.0516 261.9093 18
VAR13 52.7872 13.7307 18
VAR14 152.6362 103.3874 18
VAR15 195.2136 167.2327 18
VAR16 51.3477 14.9693 18
VAR17 57.7572 17.8762 18
VAR18 8.4289 4.3649 18
VAR19 13.4756 7.2058 18
VAR20 11.3750 2.2638 16
VAR21 15.8375 2.4698 16
VAR22 12.6389 1.8069 18
VAR23 17.6944 1.9264 18
VAR24 17.5222 18.4394 18
VAR25 14.4118 10.0872 17
VAR26 5.7428 0.6199 18
VAR27 5.9511 0.6587 18
VAR28 35.9444 4.7088 18
VAR29 36.6667 6.7823 18
VAR30 60.0000 47.9890 18
VAR31 72.5000 39.2672 18
VAR36 6.8444 1.6964 18
VAR37 9.6556 1.9233 18
VAR38 150.1449 71.5719 18
VAR39 163.3561 35.9526 18
VAR40 495.0816 261.2084 18
VAR41 54.7422 13.9580 18
VAR42 143.9442 69.7521 18
VAR43 209.2222 71.7385 18
VAR44 209.1667 71.7776 18
VAR82 24.9901 4.6827 18
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Table 63 continued

VARIABLE
VAR83
VAR84
VAR85
VAR86
VAR87
VAR88
VAR89
VAR90
VAR97
VAR98
VAR99
VAR100
VAR101
VAR102
VAR103
VAR104
VAR107
VAR108
VAR109
VAR110
VAR111
VARl12
VAR113
VARl14
VAR115
VAR116
VAR117
VARl18
VAR119
BCE18
BCE19
BCEL18
BCEL19

MEAN
29.1972
44.8700

108.1799
52.2644
26.6625
38.0157
16.9961
13.8867
60.2767
56.3552
14.1787
18.2192
55.5883
51.0435
13.4335
17.1790
33.3689

1.7778
3.1339
4.0344

49.6886
61.5504
79.3049
5.6578

36.1765
58.2353
16.1222
21.0824
24.9833
39.4609
27.9227
36.7620
26.4322

STANDARD DEV
10.6647
30.6364

102.3199
35.5192
15.3928
33.6093
6.7987
5.6160

35.5524
43.4917
4.7994
5.0817

37.4985
42.9254
5.5785
5.0933

18.9375
1.2931
2.2953
3.2032

43.5903
59.5453
86.3253
0.6371
4.9779

38.1994
1.6875
1.3817
0.7501

20.8445
17.0681
21.7365
17.1968

CASES
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
17
17
18
17
18
18
18
18
18

SEE TABLES 5 AND 1 FOR REFERENCENUMBERAND VARIABLE NAME, RESPECTIVa y
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Table 64. Correlation matrix showing the simple bivariate Pearson product moment correlation coefficients between all
possible pairs of variables in the eighteen year (1960-1977)data set used to relate brown shrimp total catch
and interview catch/effort variables to river discharge variables.

(uNITS GIVEN litTABLE 3)
VARI VAR2 VAR91 CTEfl8 CTEfl9 CTEfI9~ VARII VARI2 VARI4 VARI5 VARI6 VARI7

VARI 1.00000 0.37432 0.784~6 0.76625 0.77554 0.60379 -0.62675 -0.41050 -0.42785 -0.09108 -0.52257 -0.48961VAR2 0.374~2 1.00000 0.30464 0.71579 0.52953 0.76571 -0.23781 -0.27429 -0.29427 -0.42881 -0.14325 -0.44768VAR91 0.78436 0.30464 1.00000 0.47746 0.54389 0.40899 -0.28498 -0.16213 -0.30067 0.06689 -0.28614 -0.23188
CTEfl8 0.16625 0.11579 0.41746 1.00000 0.88131 0.74861 -0.55916 -0.44582 -0.33680 -0.34193 -0.46548 -0.51567CTEfl9 0.77554 0.5295~ 0.54389 0.88131 1.00000 0.74772 -0.68683 -0.62516 -0.46~14 -0.31014 -0.60693 -0.60407CTEfI9~ 0.60319 0.76511 0.40699 0.14661 0.74772 1.00000 -0.43502 -0.40151 -0.52494 -0.26428 -0.20202 -0.57043VARII -0.62675 -0.23181 -0.28496 -0.55916 -0.68683 -0.43502 1.00000 0.73183 0.62697 0.29723 0.73061 0.81686VARI2 -0.41050 -0.21429 -0.16213 -0.44582 -0.62516 -0.40151 0.13183 1.00000 0.68~94 0.16553 0.51015 0.66539VARI4 -0.42785 -0.29421 -0.30067 -0.33660 -0.48314 -0.52494 0.62691 0.68394 1.00000 0.32451 0.28799 0.62044VARI5 -0.09106 -0.42887 0.06689 -0.34193 -0.31014 -0.26428 0.29723 0.1655~ 0.32451 1.00000 0.21550 0.31913VARI6 -0.52251 -0.14325 -0.20614 -0.46548 -0.60893 -0.20202 0.73061 0.51015 0.28199 0.21550 1.00000 0.49504N VARI7 -0.48961 -0.44168 -0.23188 -0.51567 -0.60401 -0.51043 0.81666 0.66539 0.62044 0.31913 0.49504 1.0000001

•...... VAR38 -0.30551 0.10212 -0. f0024 -0.11486 -0.25901 -0.14631 0.52252 0.61611 0.62578 0.40343 0.24442 0.39806VAR39 -0.50985 0.10215 -0.40484 -0.32995 -0.40696 0.04631 0.46612 0.28130 0.14060 -0.02324 0.17920 0.23103VAR40 -0.24804 0.26139 -0.24762 -0.01545 -0.26405 0.05851 0.23461 0.15569 0.18722 -0.06879 0.46137 0.05001VAR42 -0.55435 0.13661 -0.41265 -0.40540 -0.60254 -0.26742 0.39959 0.51112 0.37419 0.21669 0.47799 0.14572VAR43 -0.55550 -0.14217 -0.18445 -0.51393 -0.61624 -0.30380 0.96441 0.1069~ 0.61140 0.29261 0.76149 0.76923VAR44 -0.55~50 0.05643 -0.38647 -0.42152 -0.45875 -0.02908 0.45645 0.29748 0.16209 0.03785 0.73420 0.20086VAR82 -0.31631 0.25681 0.04092 -0.09155 -0.31537 -0.09241 0.67960 0.50948 0.56581 0.13151 0.39897 0.45809VAR83 -0.42251 0.03597 -0.18874 -0.32687 -0.31268 -0.18811 0.58151 0.33097 0.42367 0.10613 0.05824 0.38763VAR84 -0;58120 :-0.15~56 -0.33480 -0.47037 -0.61489 -0.34178 0.65667 0.67330 0.42103 0.32156 0.71603 0.56191VAR85 -0.29537 0.~4016 -0.12055 -0.10184 -0.42150 0.03606 0.55845 0.415~6 0.0835~ -0.09980 0.60~93 0.~8643VAR86 -0.42~00 -0.17007 -0.25824 -0.~143~ -0.2~026 -0.21646 0.38'762 0.51794 0.55572 0.48871 0.08915 0.25298VAR07 -0.03018 0.47009 0.31960 0.14918 0.00~16 0.14049 0.53391 0.39~84 0.28224 0.07316 0.22286 0.4~129VAR88 -0.04118 0.33205 0.0138~ 0.19285 -0.11569 0.02108 0.26713 0.35684 0.16820 0.02403 0.28322 0.19923VARI07 -0.26478 -0.25465 -0.18639 -0.30415 -0.34166 -0.29341 0.33322 0.63324 0.79659 0.50998 0.06022 0.31525VARIII -0.14795 -0.48499 -0.03000 -0.46791 -0.54389 -0.51207 0.49242 0.62893 0.60869 0.51737 0.16361 0.58042VAR1I2 -0.11234 -0.24835 0.05216 -0.32370 -0.29262 -0.24639 0.20186 0.65006 0.~8473 0.81675 -0.02516 0.18913VARI13 0.02201 -0.42882 0.04045 -0.22836 -0.20213 -0.17071 0.12078 0.57025 0.14146 0.88103 0.22311 0.13205



Table 64 continued

VAR38 VAR39 VAR40 VAR42 VAR43 VAR44 VAR82 VAR83 VAR84 VAR85 VAR86 VAR87
VARI -0.30551 -0.50985 -0.24804 -0.55435 -0.55550 -0.55350 -0.31631 -0.42251 -0.58120 -0.29537 -0.42300 -0.03018
VAR2 0.10212 0.10215 0.26139 0.13681 -0.14217 0.05643 0.25681 0.03597 -0.15356 0.34016 -0.17007 0.47009
VAR91 -0.10024 -0.40484 -0.24762 -0.41265 -0.18445 -0.38647 0.04092 -0.18874 -0.:n4JO -0.12055 -0.25824 0.31960
CTEfl8 -0.11488 -0.32995 -0.07545 -0.40540 -0.51393 -0.42752 -0.09755 -0.32687 -0.47037 -0.10184 -0.31433 0.14918
CTEfl9 -0.25907 -0.40698 -0.26405 -0.60254 -0.61624 -0.45875 -0.31537 -0.31268 -0.61489 -0.42150 -0.23026 0.00316
CTEfl93 -0.14631 0.04631 0.05851 -0.26742 -0.30380 -0.02908 -0.09UI -0.18811 -0.34178 0.03606 -0.21646 0.14049
VARII 0.52252 0.46612 0.23461 0.39959 0.96447 0.45645 0.67960 0.58151 0.65667 0.55845 0.38762 0.53397
VARI2 0.67611 0.28130 0.15569 0.51112 0.70693 0.29748 0.50948 0.33097 0.67330 0.41536 0.51794 0.39384
VARI4 0.62578 0.14060 0.18722 0.37419 0.61740 0.16209 0.56581 0.42367 0.42103 0.08353 0.55572 0.28224
VARI5 0.40343 -0.02324 -0.06879 0.21669 0.29267 0.03785 0.13151 0.10813 0.32156 -0.09980 0.48871 0.07376
VARI6 0.24442 0.77920 0.46137 0.47799 0.76749 0.73420 0.39897 0.05824 0.71603 0.6Q393 0.08915 0.22286
VAR17 0.39806 0.23703 0.05007 0.14572 0.76923 0.20086 0.45809 0.38763 0.56191 0.38643 0.25298 0.43129

N VAR38 1.00000 0.17548 0.06798 0.42273 0.56282 0.24449 0.55997 0.50159 0.31863 0.32400 0.82525 0.63270
111 VAR39 0.17548 1.00000 0.75139 0.60133 0.55798 0.96448 0.29660 -0.04787 0.66897 0.41700 0.08011 0.21081N VAR40 0.06198 0.75139 1.00000 0.67836 0.33032 0.72443 0.43555 -0.13084 0.49141 0.17549 -0.07281 0.191!i4

VAR42 0.42273 0.60133 0.67836 1.00000 0.44760 0.63950 0.42564 0.24672 0.68112 0.37004 0.30915 0.26111
VNt43 0.56282 0.55798 0.33032 0.44760 1.00000 0.56096 0.73205 0.56146 0.63104 0.51166 0.44192 0.56569
VAR44 0.24449 0.96448 0.72443 0.63950 0.56096 1.00000 0.31412 0.03558 0.60890 0.35450 0.20228 0.21680
VAR82 0.55991 0.29660 0.43555 0.42564 0.73205 0.31412 1.00000 0.52102 0.33361 0.41795 0.34145 0.68459
VAR83 0.50159 -0.04181 -0.13084 0.24672 0.56146 0.03558 0.52102 1.00000 0.11311 0.20608 0.60930 0.46608
VAR84 0.37863 0.66891 0.49141 0.68112 0.63104 0.60890 0.33361 0.11311 1.00000 0.41411 0.19899 0.31460
VAR85 0.32400 0.41700 0.11549 0.37004 0.51766 0.35450 0.41795 0.20608 0.41411 1.00000 -0.09641 0.49046
VAR86 0.82525 0.08011 -0.07281 0.30915 0.44192 0.20228 0.34145 0.60930 0.19899 -0.09641 1.00000 0.28944
VAR87 0.63210 0.21081 0.19154 0.26117 0.56569 0.21680 0.68459 0.46608 0.31460 0.49046 0.28944 1.00000
VAR88 0.67250 0.17852 0.08868 0.24088 0.25503 0.18500 0.32496 0.02152 0.23362 0.63425 0.23090 0.53840
VARI01 0.53315 0.01682 0.07537 0.39031 0.37910 0.03422 0.34051 0.36232 0.33235 -0.11913 0.61211 0.01850
VARIII 0.43250 -0.02831 0.10524 0.22472 0.49203 0.04422 0.38022 0.29261 0.16360 0.00203 0.40930 0.11488
VAR112 0.49152 -0.13021 -0.07206 0.34782 0.23510 -0.02086 0.21514 0.30520 0.15014 -0.10794 0.60996 0.07187
VARII3 0.06391 -0.03584 -0.02196 0.09685 0.09484 -0.01192 -0.06054 -0.10025 0.25073 -0.19801 0.18109 -0.15282



Table 64 continued

VAR86 VARI07 VARIII VARII2 VAAII3
VAAl -0.04116 -0.26476 -0.14795 -0.11234 0.02201
VAR2 0.33205 -0.25465 -0.46499 -0.24635 -0.42662
VAR91 0.01363 -0.16639 -0.03000 0.05216 0.04045
CTEfl6 0.19265 -0.30415 -0.46791 -0.32370 -0.22636
CTEfl9 -0.11569 -0.34166 -0.54369 -0.29262 -0.20273
CTEfl93 0.02106 -0.29341 -0.51207 -0.24639 -0.17071VARII 0.26713 0.33322 0.49242 0.20166 0.12078VAAI2 0.35664 0.63324 0.62693 0.65006 0.57025
VAAI4 0.16620 0.79659 0.60669 0.36473 0.14146VAAl 5 0.02403 0.~0996 0.57737 0.61675 0.88103
VARI6 0.26322 0.06022 0.16361 -0.02516 0.22311
VAAI7 0.19923 0.31$25 0.56042 0.16913 0.13205N VAlU6 0.67250 0.53315 0.43250 0.49152 0.06397U1

w VAR39 0.17652 0.01682 -0.02631 -0.13027 -0.03584
VAA40 0.06668 0.07537 0.10524 -0.07206 -0.02196
VAA42 0.24086 0.39037 0.22472 0.34782 0.09685
VAA43 0.25503 0.37970 0.49203 0.23510 0.09484
VAA44 0.16500 0.03422 0.04422 -0.02086 -0.01192
VAA62 0.32496 0.34051 0.36022 0.21514 -0.06054VAR63 0.02752 0.36232 0.29267 0.30520 -0.10025VAA64 0.23362 0.33235 0.16360 0.15014 0.25073
VAR85 0.63425 -0.11913 0.00203 -0.10794 -0.19801
VAA86 0.23090 0.61217 0.40930 0.60996 0.16709
VAA87 0.53840 0.07850 0.11488 0.07787 -0.15282
VAA88 1.00000 -0.10400 0.11629 -0.00189 -0.15697
VAR107 -0.10400 1.00000 0.56819 0.67322 0.29191
VAAIII 0.11629 0.56819 1.00000 0.65962 0.32763VAAII2 -0.00189 0.67322 0.65962 1.00000 0.53051VARII3 -0.15697 0.29191 0.32763 0.53051 1.00000

SEE TAIllES , AND 1 fOR REfEREHCE NlMIER AND VARIAIllE NAIE. RESPECTIVElY.



Table 65. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 18) with river
discharge variables for the eighteen year (1960-1971) data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENT VARIABLE •• VAR2 TOT CAT 18 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MUL T1PLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR111 MAR TRIN DIS 0.48499 0.23521 0.23521 -0.48499 -0.3003354 -0.48722
VAR87 JUL-SEP GUAD DIS 0.71790 0.51538 0.28017 0.47009 1.217901 0.69768
VAR17 APR-JUN M1SS DIS 0.87252 0.76129 0.24590 -0.44768 -0.7154064 -0.47595

N VAR85 OCT-DEC TRIN DIS 0.91224 0.83218 0.07090 0.34016 0.8257540E-Ol 0.31444
<.11 VAR15 APR-JUN TRIN DIS 0.92723 0.85976 0.02757 -0.42887 -0.6655966E-Ol -0.41425-r::.

VAR40 LAG ANNUAL TRIN DIS 0.93347 0.87138 0.01162 0.26139 0.7406835E-Ol 0.72003
VAR84 JUL-SEP TRIN DIS 0.95029 0.90306 0.03168 -0.15356 -0.5531390 -0.63067
VAR107 JAN-MAR GUAD DIS 0.96990 0.94071 0.03765 -0.25465 0.7905533E-Ol 0.05572
VAR82 JUL-SEP MISS DIS 0.97927 0.95898 0.01827 0.25681 -1.906782 -0.33229
VAR44 LAG ANNUAL ATCH DIS 0.98868 0.97749 0.01851 0.05643 -0.3420796 -0.91379
VAR112 APR TRIN DIS 0.99269 0.98542 0.00793 -0.24835 0.2043217 0.45279
VAR39 LAG ANNUAL MISS DIS 0.99701 0.99404 0.00861 0.10215 0.5721530 0.76555
VAR11 ANNUAL MISS OIS 0.99846 0.99692 0.00289 -0.23781 0.6329452E-Ol 0.08480
VAR42 LAG ANNUAL GUAD DIS 0.99888 0.99776 0.00084 0.13681 -0.6065118E-Ol -0.15744
VAR12 ANNUAL TRIN DIS 0.99947 0.99894 0.00118 -0.27429 0.4628263E-Ol 0.45113
VAR83 OCT-DEC MISS DIS 1.00000 1.00000 0.00106 0.03597 0.2746063 0.10899
VAR86 APR-JUN GUAD DIS 1.00000 1.00000 0.00000 -0.17007 0.6918180E-03 0.00091
(CONSTANT) 39.57401- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 66. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 19) with river
discharge variables for the eighteen year (1960·1971)data set

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENT VARIABLE •• VAR1 TOT CAT 19 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VARll ANNUAL MISS DIS 0.62675 0.39282 0.39282 -0.62675 -1.051308 -0.91360
VAR87 JUL-SEP GUAD DIS 0.72285 0.52251 0.12969 -0.03018 3.552955 1.32022
VAR42 LAG ANNUAL GUAD DIS 0.80506 0.64812 0.12561 -0.55435 -0.5340614 -0.89927
VAR111 MAR TRIN DIS 0.85235 0.72650 0.07838 -0.14795 -0.8747861E-01 -0.09205

N VAR16 JAN-MAR MISS DIS 0.90204 0.81367 0.08717 -0.52257 3.377530 1.22050
Ul VAR44 LAG ANNUAL ATCH DIS 0.92952 0.86401 0.05034 -0.55350 -0.1223308 -0.21197Ul VAR88 OCT-DEC GUAD DIS 0.95117 0.90473 0.04073 -0.04118 2.958159 2.40005

VAR15 APR-JUN TRIN DIS 0.95868 0.91907 0.01433 -0.09108 0.3768852 1.52149
VAR83 OCT-DEC MISS DIS 0.96140 0.92429 0.00522 -0.42251 3.971438 1.02243
VAR12 ANNUAL TRIN DIS 0.96531 0.93182 0.00753 -0.41050 -0.4097029 -2.59036
VAR38 ANNUAL GUAD DIS 0.97064 0.94213 0.01031 -0.30551 -1.672744 -2.89009
VAR40 LAG ANNUAL TRIN DIS 0.97496 0.95054 0.00841 -0.24804 0.8917417E-01 0.56230
VAR82 JUL-SEP MISS DIS 0.98715 0.97446 0.02391 -0.31631 -4.796746 -0.54222
VAR84 JUl-SEP TRIN DIS 0.98978 0.97966 0.00520 -0.58120 0.4843712E-Ol 0.03582
VAR107 JAN-MAR GUAD DIS 0.99165 0.98337 0.00372 -0.26478 3.726036 1.70337
VAR112 APR TRIN DIS 0.99325 0.98655 0.00317 -0.11234 0.4668692 0.67109
VAR14 JAN-MAR TRIN DIS 1.00000 1.00000 0.01345 -0.42785 0.2679347 0.66871
(CONSTANT) 149.2874- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 AND 1 FOR REFERENCE NU~~ER AND VARIABLE NAME, RESPECTIVELY.



Table 67. SummalY of results of stepwise multiple regression analysis of brown shrimp total catch (area 19, 11·15
fathom depths) with river discharge variables for the eighteen year (1960-1977)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENT VARIABLE•• VAR91 TOT CAT 19 DPTH 3 (POUNDS, HEADS Off) X 10-5

BETA
-0.29578
0.49971

-3.81445
3.09983

-0.85284
-0.27378

1.78112
0.54571

-1.05787
-0.97432
0.86742

-0.03488
0.25074

-0.69175
0.62825

-0.46410
-0.47620

B
-0.1070928
0.8198648
-2.676030

1.091261
-0.5990765
-0.1946656
0.2689768
0.4498473
-1..410755

-0.2850403
0.2118868

-0.8258756E-01
0.1452733

-0.5197952
0.1550664

-0.1968350
-0.3901998

351.7788

SIMPLE R
-0.41265
0.31960

-0.28498
-0.18445
-0.40484
-0.25824
0.06689

-0.33480
-0.18639
0.04045

-0.30067
-0.18874
-0.03000
0.01383

-0.12055
0.05216

-0.23188

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.17028 0.17028
0.36630 0.19602
0.52290 0.15659
0.62641 0.10351
0.70223 0.07582
0.84741 0.14518
0.95209 0.10468
0.95918 0.00709
0.97419 0.01501
0.98361 0.00942
0.98824 0.00463
0.99104 0.00280
0.99234 0.00129
0.99264 0.00030
0.99653 0.00388
0.99960 0.00308
1.00000 0.00040

MULTIPLE R
0.41265
0.60523
0.72312
0.79146
0.83799
0.92055
0.97575
0.97938
0.98701
0.99177
0.99410
0.99551
0.99616
0.99631
0.99826
0.99980
1.00000

(UNITS GIVEN IN TABLE 3)
LAG ANNUAL GUAD DIS
JUL-SEP GUAD OIS
ANNUAL MISS DIS
ANNUAL ATCH DIS
LAG ANNUAL MISS DIS
APR-JUN GUAD DIS
APR-JUN TRIN DIS
JUL-SEP TRIN DIS
JAN-MAR GUAD DIS
MAY TRIN DIS
JAN-MAR TRIN OIS
OCT-DEC MISS DIS
MAR TRIN DIS
OCT-DEC GUAD DIS
OCT-DEC TRIN DIS
APR TRIN DIS
APR-JUN MISS DIS

VARIABLE
VAR42
VAR87
VAR11
VAR43
VAR39
VAR86
VAR15
VAR84
VAR107
VAR113
VAR14
VAR83
VAR111
VAR88
VAR85
VAR112
VAR17
(CONSTANT)

N
lJ1
0\

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 AND 1 FOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 68. Summary of results of stepwise multiple regression analysis of brown shrimp Interview catch/effort (area 18)
with river discharge variables for the eighteen year (1960-1977)data set

DEPENDENT VARIABLE •• CTEF18 CAT-EFF 18 (POUNDS, HEADS OFF/DAY)

SUMMARYTABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ OiANGE SIMPLE R B BETA
VARll ANNUAL MISS DIS 0.55916 0.31266 0.31266 -0.55916 18.31352 2.85292
VAR87 JUL-SEP GUAD DIS 0.77013 0.59310 0.28044 0.14918 13.62448 0.90755
VAR42 LAG ANNUAL GUAD DIS 0.80421 0.64675 0.05364 -0.40540 -2.864997 -0.86480

N VAR40 LAG ANNUAL TRIN DIS 0.83373 0.69510 0.04835 -0.07545 0.7598938 0.85896
U1 VAR44 LAG ANNUAL ATCH DIS 0.86066 0.74074 0.04564 -0.42752 0.2282453 0.07090.....•

VAR16 JAN-MAR MISS DIS 0.89342 0.79821 0.05747 -0.46548 -3.693420 -0.23926
VAR38 ANNUAL GUAD DIS 0.90957 0.82732 0.02912 -0.11488 -12.06943 -3.73820
VARll1 MAR TRIN DIS 0.93633 0.87671 0.04939 -0.46791 -8.896061 -1.67811
VAR84 JUL-SEP TRIN DIS 0.94520 0.89340 0.01669 -0.47037 -2.648415 -0.35112
VAR12 ANNUAL TRIN DIS 0.95131 0.90498 0.01158 -0.44582 -3.704549 -4.19875
VAR82 JUL-SEP MISS DIS 0.96198 0.92541 0.02042 -0.09755 -24.11353 -0.48864
VAR113 MAY TRIN DIS 0.97436 0.94937 0.02397 -0.22836 4.196899 1.56784
VAR112 APR TRIN DIS 0.97953 0.95949 0.01011 -0.32370 7.753439 1.99791
VAR83 OCT-DEC MISS DIS 0.98226 0.96484 0.00535 -0.32687 7.075006 0.32652
VAR85 OCT-DEC TRIN DIS 0.98272 0.96573 0.00089 -0.10184 -1.163067 -0.51499
VAR88 OCT-DEC GUAD DIS 0.98549 0.97119 0.00546 0.19285 30.87886 4.49112
VAR107 JAN-MAR GUAD DIS 1.00000 1.00000 0.02881 -0.30415 40.65727 3.33192
(CONSTANT) -1205.947- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

SEE TABLES 5 AND t FOR REFERENCENUMBERAND VARIABLE NAME, RESPECTIVELY.



Table 69. Summary of results of stepwise multiple regression analysis of brown shrimp intelView catch/effort (area 19)
with river discharge variables for the eighteen year (1960·1977)data set

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENT VARIABLE •• CTEF19 CAT-EFF 19 (POUNDS, HEADS OFf/DAY)

SUMMARY TABLE
VARIABLE WNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR11 ANNUAL MISS DIS 0.68683 0.47174 0.47174 -0.68683 13.19402 2.76905
VAR87 JUL-SEP GUAD DIS 0.81434 0.66315 0.19141 0.00316 4.307058 0.38652
VAR42 LAG ANNUAL GUAD DIS 0.90103 0.81185 0.14870 -0.60254 -1.900244 -0.77274
VAR40 LAG ANNUAL TRIN DIS 0.91286 0.83332 0.02146 -0.26405 0.2698347 0.41092
VAR86 APR-JUN GUAD DIS 0.92281 0.85157 0.01826 -0.23026 -6.687447 -1.38482

N VAR111 MAR TRIN DIS 0.93990 0.88340 0.03183 -0.54389 -5.709622 -1.45100
rn VAR112 APR TRIN DIS 0.95083 0.90409 0.02068 -0.29262 5.891726 2.04531co VAR44 LAG ANNUAL ATCH DIS 0.95920 0.92006 0.01597 -0.45875 0.6914921 0.28936

VAR16 JAN-MAR MISS DIS 0.96207 0.92558 0.Q0552 -0.60893 -2.454386 -0.21420
VAR15 APR-JUN TRIN DIS 0.96660 0.93432 0.00873 -0.31014 -3.126609 -3.04834
VAR82 JUL-SEP MISS DIS 0.97312 0.94696 0.01264 -0.31537 -17.76288 -0.48492
VAR84 JUL-SEP TRIN DIS 0.97982 0.96005 0.01310 -0.61489 -4.391045 -0.78429
VAR107 JAN-MAR GUAD DIS 0.98710 0.97437 0.01431 -0.34166 19.20430 2.12026
VAR85 OCT-DEC TRIN DIS 0.98857 0.97727 0.00290 -0.42150 -3.694265 -2.20372
VAR88 OCT-DEC GUAD DIS 0.99051 0.98111 0.00384 -0.11569 11.11925 2.17873
VAR14 JAN-MAR TRIN DIS 0.99403 0.98810 0.00699 -0.48314 -2.907843 -1.75270
VAR113 MAY TRIN DIS 1.00000 1.00000 0.01190 -0.20273 3.366539 1.69430
(CONSTANT) -603.1176
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 AND 1 fOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 70. Summary of results of stepwise multiple regression analysis of brown shrimp Interview catch/effort (area 19,
11·15 fathom depths) with disCharge variables for the eighteen year (1960-1977)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENT VARIABLE •• CTEF193 CAT-EFF 19 DPTH 3 (POUNDS, HEADS OFf/DAY)

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR17 APR-JUN MISS DIS 0.57043 0.32539 0.32539 -0.57043 -24.27004 -2.37477
VAR87 JUL-SEP GUAD DIS 0.71338 0.50892 0.18353 0.14049 1.574206 0.13263
VAR42 LAG ANNUAL GUAD DIS 0.76958 0.59226 0.08334 -0.26742 -3.589666 -1.37053

N VAR40 LAG ANNUAL TRIN DIS 0.81430 0.66309 0.07083 0.05851 1.167031 1.66857
U1
\0 VAR85 OCT-DEC TRIN DIS 0.85056 0.72346 0.06037 0.03606 -2.397706 -1.34286

VAR107 JAN-MAR GUAD DIS 0.88681 0.78643 0.06297 -0.29341 13.03081 1.35073
VAR14 JAN-MAR TRIN DIS 0.93583 0.87579 0.08936 -0.52494 -3.165533 -1.79139
VAR86 APR-JUN GUAD DIS 0.94645 0.89577 0.01998 -0.21646 -5.337911 -1.03779
VAR111 MAR TRIN DIS 0.95463 0.91132 0.01555 -0.51207 -4.662948 -1.11257
VAR82 JUL-SEP MISS DIS 0.95920 0.92006 0.00874 -0.09241 -50.30081 -1.28927
VAR84 JUL-SEP TRIN DIS 0.96811 0.93725 0.01719 -0.34178 -6.100800 -1.02306
VAR113 MAY TRIN DIS 0.98187 0.96407 0.02682 -0.17071 -2.506161 -1.18419
VAR11 ANNUAL MISS DIS 0.98779 0.97574 0.01167 -0.43502 21.37236 4.21126
VAR44 LAG ANNUAL ATCH DIS 0.98957 0.97926 0.00352 -0.02908 -0.1642077 -0.06451
VAR12 ANNUAL TRIN DIS 0.99302 0.98609 0.00683 -0.40151 2.115812 3.03322
VAR16 JAN-MAR MISS DIS 0.99418 0.98840 0.00231 -0.20202 -13.97558 -1.14511
VAR88 -OCT-DEC GUAD DIS 1.00000 1.00000 0.01160 0.02108 4.720903 0.86848
(CONSTANT) 493.1719
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 AND 1 fOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 71. Correlation matrix showing the simple bivariate Pearson product moment correlation coefficients between all
possible pairs of variables In the eighteen year (1960-1977)data set used to relate brown shrimp total catch
and Interview catch/effort variables to salinity variables.

(uNITS GIVEN IN T~lE .51

VAAl VAA2 VAA91 CTEfl8 CTEfl9 CTEfl93 VAA24 VAH25
VAAl 1.00000 0.37432 0.78436 0.76625 0.77554 0.60379 -0.13777 -0.0694.S

N VAA2 0.37H2 1.00000 0.30464 0.71579 0.52953 0.76571 0.01970 0.20257
0"1 VAA91 0.78H6 0.30464 1.00000 0.47746 0.5H89 0.40899 -0.00215
a

-0.08152
CTEfl8 0.76625 0.71579 0.47746 1.00000 0.88137 0.74861 -0.01606 0.16882
CTEf19 0.77554 0.52953 0.54389 0.88137 1.00000 0.74772 0.17078 0.36166
CTEf193 0.60379 0.76571 0.40899 0.74861 0.74772 1.00000 0.09780 0.28237
VAA24 -0.13777 0.01970 -0.00215 -0.01606 0.17078 0.09780 1.00000 0.92009
VAA25 -0.06943 0.20257 -0.08152 0.16882 0.36166 0.28237 0.92009 1.00000

SEE T~lES , AND 1 FOR REFERENCE NlJIoSERAND VNUMl£ NAME, RESPECTIVB.Y.



Table 72. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 18)with salinity
variables for the eighteen year (1960-1977)data sel

BETA
1.03138

-0.90080
B

268590.7
-124912.6

2753265.

SIMPLE R
0.20257
0.04817

MULTIPLE R
0.20257
0.40687

~E;E~D~N~ ~A~I~B~E~.- - ~A~2- - - -T~T-C~T-t~ -(;O~N~S~ ~E~; OFF)-X-'0-5 - - - - - - - - - - - - - - - - - - - - -
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.04104 0.04104
0.16554 0.12451

VARIABLE (UNITS GIVEN IN TABLE 3)
VAR25 APR NOS GAL MIN DEN
VAR24 MAR NOS GAL MIN DEN
(CONSTANT)

N SEE TABLES 5 AND 1 fOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.
m•.....

Table 73. Summary of results of stepwise multiple regression analysis of·brown shrimp total catch (area 19)with salinity
variables for the eighteen year (1960-1977)data set.

BETA
-0.50124

0.39175

B
-112927.8

165753.1
O.,1015295E+08

SIMPLE R
-0.14079
-0.06943

MULTIPLE R
0.14079
0.20826

~E;E~D~N~ ~A~I~B~E~.- - ~A~'- - - -T~T-C~T-t~ -(;O~N~S~ ~E~~ ~F;)-X-'0-5 - - - - - - - - - - - - - - - - - - -
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.01982 0.01982
0.04337 0.02355

VARIABLE (UNITS GIVEN IN TABLE 3)
VAR24 MAR NOS GAL MIN DEN
VAR25 APR NOS GAL MIN DEN
(CONSTANT)
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TPBLES 5 AND 1 FOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 74. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 19, 11.15
fathom depths) with salinity variables for the eighteen year (1960-1977)data set.

BETA
-0.41643

0.36400
B

-105231.0
48979.35
5166834.

SIMPLE R
-0.08152
-0.01915

MULTIPLE R
0.08152
0.16424

~E~E~D~N~ ~A~I~B~E~.- - ;A~9~ - - -T~T-C~T-t~ ~P~H-3- -(;O~N~S: ~E~; OFf) -X-l0-5" - - - - - - - - - - - - - - - - - -

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.00665 0.00665
0.02698 0.02033

VARIABLE (UNITS GIVEN IN TABLE 3)
VAR25 APR NOS GAL MIN DEN
VAR24 MAR NOS GAL MIN DEN
(CONSTANT)

SEE TABLES 5 AND· 1 fOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.
N
m
N

Table 75. Summary of results of stepwise multiple regression analysis of brown shrimp Interview catch/effort (area 18)
with salinity variables for the eighteen year (1960·1977)data set.

BETA
1.14499

-1.06095
B

26.88392
-13.26465

403.1495

SIMPLE R
0.16882

-0.00746

MULTIPLE R
0.16882
0.44851

CAT-EFF 18 (POUNDS, HEADS Off/DAY>
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.02850 0.02850
0.20122 0.17272

CTEFt8- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

VARIABLE (UNITS GIVEN IN TABLE 3)
VAR25 APR NOS GAL MIN DEN
VAR24 MAR NOS GAL MIN DEN
(CONSTANT)

DEPENDENT VARIABLE ••

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -~-- - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 76. Summary of results of stepwise multiple regression analysis of brown shrimp Interview catch/ellort (area 19)
with salinity variables for the eighteen year (196().1977) data set.

REGRESSION ON BROWN CATCH/EffORT WITH ENVIRONMENTAL VARIABLES OS/25/81 PAGE 21- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -DEPENDENT VARIABLE •• CTEf19 CAT-EFF 19 (POUNDS, HEADS Off/DAY)

VARIABLE (UNITS GIVEN IN TABLE 3)
VAR25 APR NOS GAL MIN DEN
VAR24 MAR NOS GAL MIN DEN
(CONSTANT)

MULTIPLE R
0.36166
0.53559

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.13080 0.13080
0.28685 0.15605

SIMPLE R
0.36166
0.17802

B
22.53847

-9.385573
349.9570

BETA
1.28955

-1.00848
N
0'\
W

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 AND 1 fOR REfERENCE NUMBER AND VARIABLE :~AME,RESPECTIVELY.

Table 77. Summary of results of stepwise multiple regression analysis of brown shrimp Interview catch/effort (area 19
11-15 fathom depths) with salinity variables for the eighteen year (1960-1977) data set. •

VARIABLE (UNITS GIVEN IN TABLE 3)
VAR25 APR NOS GAL MIN DEN
VAR24 MAR NOS GAL MIN DEN
(CONSTANT)

BETA
1.17787

-0.97327
B

21.77898
-9.582612

475.5757

SIMPLE R
0.28237
0.11047

CAT-EFF 19 DPTH 3 (POUNDS, HEADS OFf/DAY)
SUMMARY TABLE

MULTIPLE R R SQUARE RSQ CHANGE
0.28237 0.07974 0.07974
0.47443 0.22509 0.14535

CTEF193DEPENDENT VARIABLE ••

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 ANO 1 fOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 78. Correlation matrix showing the simple bivariate Pearson product moment correlation coefficients between all
possible pairs of variables In the eighteen year (1960-1977)data set used to relate brown shrimp total catch
and Interview catch/effort variables to precipitation variables.

WNITS GIVEN IN Tl8I.E 3)
VARI VAR2 VAR91 CTEfl8 CTEfl9 CTEfl93 VARn VARI8 VAR19 VAR41 VAR89 VAR90

VARI 1.00000 0.37432 0.78436 0.76625 0.77554 0.60379 -0.15218 -0.01283 -0.19668 -0.02894 -0.21275 0.14807
VAR2 0.37432 1.00000 0.30464 0.71579 0.52953 0.76571 -0.32945 -0.32235 -0.46965 0.16822 -0.19941 0.26907
VAR91 0.78436 0.30464 1.00000 0.47746 0.5089 0.40899 0.03525 0.03950 0.01500 0.02232 -0.00500 0.04230
CTEfl8 0.76625 0.71579 0.47746 1.00000 0.88137 0.74861 -0.32459 -0.26916 -0.48790 0.09096 -0.29031 0.39306
CTEf19 0.77554 0.52953 0.54389 0.88137 1.00000 0.74772 -0.51805 -0.30890 -0.55649 -0.18080 -0.33316 0.09084
CTEFI93 0.60379 0.76571 0.40899 0.74861 0.74772 1.00000 -0.44762 -0.15274 -0.45830 -0.08263 -0.42375 0.12535
VAR13 -0.15218 -0.32945 0.03525 -0.32459 -0.51805 -0.44762 1.00000 0.59707 0.76649 0.01058 0.67903 0.11537
VAR18 -0.01283 -0.32235 0.03950 -0.26916 -0.30890 -0.15274 0.59707 1.00000 0.60929 -0.06346 0.20706 -0.34987
VARI9 -0.19688 -0.46965 0.01500 -0.48790 -0.55649 -0.45830 0.76649 0.60929 1.00000 0.12092 0.25729 -0.19411
VAR41 -0.02894 0.16822 0.02232 0.09096 -0.18080 -0.08263 0.01058 -0.06346 0.12092 1.00000 -0.20196 0.16455
VAR89 -0.21275 -0.19941 -0.00500 -0.29031 -0.33316 -0.42375 0.67903 0.20706 0.25729 -0.20196 1.00000 -0.04149
VAR90 0.14807 0.28907 0.04230 0.39306 0.09084 0.12535 0.11537 -0.34987 -0.19411 0.16455 -0.04149 1.00000
VARI08 0.12284 -0.06794 -0.07632 -0.05621 -0.21156 0.02438 0.28803 0.51313 0.29716 0.07541 -0.09210 0.03560
VAR109 -0.21738 -0.40810 0.06245 -0.50590 -0.57316 -0.47627 0.50816 0.44830 0.66286 0.11358 0.10449 -0.08304
VARll0 -0.06057 0.03209 0.00502 -0.18018 -0.19558 0.27842 0.14180 0.49347 0.40060 0.25657 -0.18385 -0.32829

N
0\
.j:::. VIIRI08 VAR109 VARll0

VARI 0.12284 -0.21736 -0.06057
VAR2 -0.06794 -0.40810 0.03209
VAR91 -0.01632 0.06245 0.00502
CTEfl8 -0.05621 -0.50590 -0.18018
CTEfl9 -0.21156 -0.57316 -0.19558
CTEF193 0.02438 -0.47627 0.27842
VAR13 0.28803 0.50816 0.14180
VARI8 0.5nl3 0.44830 0.49347
VAR19 0.29716 0.66286 0.40060
VIIR41 0.01541 0.ln58 0.25651
VAR89 -0.09210 0.10449 -0.18385
VIIR90 0.03560 -0.08304 -0.32829
VIIR108 1.00000 0.09529 0.39899
VIIRI09 0.09529 t .00000 0.17273
VIIRIIO 0.39899 0.11273 1.00000

SEE TMlLES 5 AIlO 1 fOR REfERENCE NUl-flER AND VARI,o.sLE NAME, RESPECTlVay.



Table 79. Summary of results of stepwise multiple regression analysis 01 brown shrimp total catch (area 18) with
precipitation variables for the eighteen year (1960-1977)data set.

BETA
-0.42965

0.32484
0.28267

-0.16194
0.11422

-0.07312

B
-1.602133

2.724930
1.352473

-1.895822
0.2198844
-1.519492

34.33914

SIMPLE R
-0.46965

0.03209
0.28907

-0.40810
0.16822

-0.06794

MULTIPLE R
0.46965
0.52759
0.59720
0.60634
0.61652
0.61983

VARIABLE (UNITS GIVEN IN TABLE 3)
VAR19 APR-JUN fRE PREC
VAR110 MAY fRE PREC
VAR90 OCT-DEC fRE PREC
VAR109 APR fRE PREC
VAR41 LAG ANNUAL fRE PREC
VAR108 MAR fRE PREC
(CONSTANT>

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENT VARIABLE•• VAR2 TOT CAT 18 (POUNDS, HEADS OFf) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.22057 0.22057
0.27835 0.05777
0.35665 0.07830
0.36764 0.01099
0.38009 0.01245
0.38419 0.00410

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
N
0'1
(}1

SEE TABLES 5 AND 1 fOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.

Table 80. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 19) with
precipitation variables for the eighteen year (1960-1977)data set.

- - - - - - - .- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

VARIABLE (UNITS GIVEN IN TABLE 3)
VAR109 APR fRE PREC
VAR89 JUL-SEP FRE PREC
VAR13 ANNUAL FRE PREC
VAR19 APR-JUN FRE PREC
VAR90 OCT-DEC FRE PREC
VAR110 MAY FRE PREC
VAR108 MAR FRE PREC
(CONSTANT>

MULTIPLE R
0.21738
0.28943
0.31877
0.36414
0.37568
0.39017
0.39192

DEPENDENT VARIABLE•• VARl TOT CAT 19 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.04726 0.04726
0.08377 0.03651
0.10162 0.01785
0.13260 0.03098
0.14114 0.00854
0.15223 0.01109
0.15360 0.00137

SIMPLE R
-0.21738
-0.21275
-0.15218
-0.19688

0.14807
-0.06057

0.12284

B
-4.240944
-4.289774

2.807453
-3.295171
-1.654860
-1.871550

1.551149
115.1125

BETA
-0.23498
-0.70405

0.93056
-0.57319
-0.22435
-0.14472

0.04842

SEE TABLES 5 AND 1 FOR REFERENCE NU~~ER AND VARIABLE NAME, RESPECTIVELY.



Table 81. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 19, 11·15
fathom depths) with precipitation variables for the eighteen year (1960·1977)data set.

BETA
-0.17763
0.18013
0.10940

-0.05412

B
-3.469194
1.042237

0.4919523
-0.2010417

38.01841

SIMPLE R
-0.07632
0.03950
0.04230

-0.00500

MULTIPLE R
0.07632
0.11927
0.15150
0.15991

(UNITS GIVEN IN TABLE 3)
MAR fRE PREC
JAN-MAR fRE PREC
OCT-DEC fRE PREC
JUL-SEP fRE PREC

~E;E~D~N~ ~A~I~~E~.- - ~A~9~ - - -T~T-C~T-1~ ~P~H-3- (POO~DS~~u.~OFf)-; 1~-5 - - - - - - - - - - - - - - - - - -

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.00582 0.00582
0.01422 0.00840
0.02295 0.00873
0.02557 0.00262

VARIABLE
VAR108
VAR18
VAR90
VAR89
(CONSTANT>- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .
SEE TABLES 5 AND 1 fOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.

N
0'\
0'\

Table 82. Summary of results of stepwise multiple regression analysis of brown shrimp interview catch/effort (area 18)
with precipitation variables for the eighteen year (1960-1977)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .

VARIABLE (UNITS GIVEN IN TABLE 3)
VAR109 APR FRE PREC
VAR90 OCT-DEC FRE PREC
VAR89 JUL-SEP FRE PREC
VAR18 JAN-MAR FRE PREC
VAR108 MAR FRE PREC
VAR19 APR-JUN FRE PREC
VAR41 LAG ANNUAL FRE PREC
VAR110 MAY FRE PREC
(CONSTANT>

MULTIPLE R
0.50590
0.61646
0.65700
0.66867
0.68660
0.69828
0.70309
0.70652

DEPENDENT VARIABLE•• CTEf18 CAT-Eff 18 (POUNDS, HEADS OFf/DAY>
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.25593 0.25593
0.38002 0.12409
0.43165 0.05163
0.44712 0.01547
0.47142 0.02430
0.48760 0.01618
0.49434 0.00674
0.49917 0.00483

SIMPLE R
-0.50590
0.39306

-0.29031
-0.26916
-0.05621
-0.48790
0.09096

-0.18018

B
-47.65464
16.43586

-9.059969
20.97449

-29.51476
-6.260417
1.838304

-6.939198
521.7526

BETA
-0.47334
0.39944

-0.26656
0.39618

-0.16516
-0.19522
0.11104

-0.09619
- - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .
SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 83. Summary of results of stepwise multiple regression analysis of brown shrimp interview catch/effort (area 19)
with precipitation variables for the eighteen year (1960-1977)data set.

DEPENDENT VARIABLE •• CTEF19 CAT-EFF 19 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR109 APR FRE PREC 0.57316 0.32852 0.32852 -0.57316 -36.81856 -0.49268
VAR89 JUL-SEP FRE PREC 0.63562 0.40402 0.07550 -0.33316 -12.57031 -0.49825

N VAR108 MAR FRE PREC 0.66429 0.44128 0.03727 -0.21756 -35.68103 -0.268990'\.....• VAR41 LAG ANNUAL FRE PREC 0.68615 0.47080 0.02952 -0.18080 -1.692139 -0.13770
VAR18 JAN-MAR FRE PREC 0.69286 0.48005 0.00925 -0.30890 8.152277 0.20745
VAR19 APR-JUN FRE PREC 0.70533 0.49749 0.01744 -0.55649 -7.453866 -0.31314
VAR13 ANNUAL FRE PREC 0.71454 0.51057 0.01308 -0.51805 3.453215 0.27643
VAR110 MAY FRE PREC 0.71662 0.51355 0.00298 -0.19558 -4.045640 -0.07555
(CONSTANT) 860.9037

SEE TABLES 5 AND 1 fOR REFERENCE NUMBER AND VARIABLE NAME, RESPECT IVELY•



Table 84. Summary of results of stepwise multiple regression analysis of brown shrimp Interview catch/effort (area 19,
11·15 fathom depths) with precipitation variables for the eighteen year (1960-1977)data set.

DEPENDENT VARIABLE •• CTEF193 CAT-EFF 19 DPTH 3 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

VARIABLE (UNITS GIVEN IN TABLE 3) MULT1PLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR109 APR FRE PREC 0.47627 0.22683 0.22683 -0.47627 -23.65207 -0.29715
VAR89 JUL-SEP FRE PREC 0.60683 0.36824 0.14141 -0.42375 -17 .21528 -0.64065

N VAR110 MAY FRE PREC 0.67474 0.45528 0.08704 0.27842 33.17747 0.58171
O'l VAR19 APR-JUN FRE PREC 0.72539 0.52618 0.07091 -0.45830 -19.78619 -0.78041ex>

VAR13 ANNUAL FRE PREC 0.75089 0.56384 0.03765 -0.44762 9.972243 0.74948
VAR41 LAG ANNUAL FRE PREC 0.77465 0.60008 0.03624 -0.08263 -3.054411 -0.23336
VAR108 MAR FRE PREC 0.78856 0.62182 0.02174 0.02438 -23.45177 -0.16599
VAR18 JAN-MAR FRE PREC 0.78988 0.62391 0.00209 -0.15274 -3.163144 -0.07557
(CONSTANT> 832.7344
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 85. Correlation matrix showing the simple bivariate Pearson product moment correlation coefficients between all
possible pairs of variables in the eighteen year (1960-1977)data set used to relate brown shrimp total catch
and Interview catch/effort variables to temperature variables.

(UNIT$ «mEN IN TlBlE 31
VARI VAR2 VAR91 ClEf 18 CTEfl9 CTEfl93 VAR20 VAR21 VAR22 VAR23 VA/Utl VAR37

VARI 1.00000 0.37432 0.78436 0.1662~ 0.17554 0.60379 -0.11998 0.31908 -0.63786 0.36554 0.109H -0.16407
VAR2 0.37432 1.00000 0.30464 0.71579 0.52953 0.76571 0.27488 0.32104 0.03076 0.46818 0.18755 0.07653
VAR91 0.78436 0.30464 1.00000 0.41746 0.54389 0.40899 -0.13251 0.21548 -0.34241 0.24972 0.17490 -0.15753
CTEfl8 0.76625 0.71579 0.47746 1.00000 0.88137 0.74861 0.13134 0.58306 -0.46874 0.50184 0.28831 -0.18952
CTEfl9 0.77554 0.52953 0.54389 0.88137 1.00000 0.74172 0.07211 0.46819 -0.30064 0.50657 0.23450 -0.20968
CTEf193 0.60379 0.76571 0.40899 0.14861 0.74172 1.00000 -0.05368 0.26194 -0.12267 0.50983 0.25111 0.07493
VAR20 -0.11998 0.27488 -0.13251 0.13134 0.07211 -0.05368 1.00000 0.27419 0.52762 0.35021 -0.36573 -0.16409
VAR21 0.31908 0.32104 0.21548 0.58306 0.46879 0.26794 0.27419 1.00000 -0.25331 0.76171 0.00815 -0.19991
VAR22. -0.63786 0.03076 -0.34241 -0.46874 -0.30064 -0.12267 0.52762 -0.25331 1.00000 0.05499 -0.11209 0.22904
VAR23 0.36554 0.46818 0.24972 0.50184 0.50657 0.50983 0.35021 0.76171 0.05499 1.00000 -0.02602 -0.06008
VAR36 0.109H 0.18755 0.17490 0.28831 0.23450 0.25111 -0.36573 0.00815 -0.11209 -0.02602 1.00000 0.04301
VAR37 -0.16407 0.07653 -0.15753 -0.18952 -0.20968 0.07493 -0.16409 -0.19991 0.22904 -0.06008 0.04301 1.00000
VARII7 -0.49219 0.26202 -0.28656 -0.20630 -0.12591 0.10658 0.69758 -0.03360 0.90101 0.17990 -0.09160 0.18011
VARI18 0.51118 0.45416 0.32608 0.64421 0.72344 0.70669 0.14741 0.59736 -0.01650 0.86059 0.19878 -0.10895
VARI19 -0.14415 -0.03498 -0.22690 0.01275 0.16111 0.20304 0.02885 0.33708 0.09989 0.29140 0.12635 0.06225

N VARII7 VARI18 VARI19m
\0 VARI -0.49219 0.51118 -0.14415

VAR2 0.26202 0.45416 -0.03498
VAR91 -0.28656 0.32608 -0.22690
CTEfl8 -0.20630 0.64421 0.01275
CTEf19 -0.12591 0.72344 0.16111
CTEfl93 0.10658 0.70669 0.20304
VAR20 0.69758 0.14741 0.02885
VAR21 -0.03360 0.59736 0.33708
VAR22 0.90101 -0.01650 0.09989
VAR23 0.17990 0.86059 0.29140
VAR36 -0.09160 0.19878 0.12635
VAR37 0.18011 -0.10895 0.06225
VARII7 1.00000 0.13440 0.15924
VARI18 0.13440 1.00000 0.24608
VARII9 0.15924 0.24608 1.00000

SEE T.'8LES 5 AHD I fOR REfEREHCE Nur-eER AHD VARIABLE NAIE. RESPECTIVELY.



Table 86. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 18) with
temperature variables for the eighteen year (1960-1977)data set.

DEPENDENT VARIABLE •• VAR2 TOT CAT 18 (POUNDS, HEADS OFf) X 10-5

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR23 APR NOS GAL MIN TEMP 0.46818 0.21919 0.21919 0.46818 15.68756 1.12471

N VAR36 JAN NOS GAL MIN TEMP 0.50903 0.25911 0.03992 0.18755 4.212767 0.26597
'-I
0 VAR20 MAR TRIN MIN TEMP 0.55078 0.30336 0.04425 0.27488 -1.705330 -0.14367

VARl19 MAY NOS GAL MEAN TEMP 0.58693 0.34449 0.04113 -0.03498 -8.414130 -0.23489
VAR37 FEB NOS GAL MIN TEMP 0.60455 0.36548 0.02099 0.07653 0.4486525 0.03211
VAR22 MAR NOS GAL MIN TEMP 0.62088 0.38549 0.02000 0.03076 -21.04711 -1.41532
VARl17 MAR NOS GAL MEAN TEMP 0.71249 0.50764 0.12215 0.26202 24.44322 1.53510
VAR21 APR TRIN MIN TEMP 0.73062 0.53380 0.02616 0.32104 -4.962647 -0.45615
VAR118 APR NOS GAL MEAN TEMP 0.74796 0.55945 0.02564 0.45416 -8.582840 -0.44134
(CONSTANT> 96.25676
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 AND 1 fOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 87. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 19) with
temperature variables for the eighteen year (1960-1977)data sel

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR22 MAR NOS GAL MIN TEMP 0.63786 0.40686 0.40686 -0.63786 -15.76290 -0.68756

N VARl18 APR NOS GAL MEAN TEMP 0.81092 0.65759 0.25072 0.51118 24.63121 0.B2155
'-l VARl19 MAY NOS GAL MEAN TEMP 0.83822 0.70262 0.04503 -0.14415 -4.988624 -0.09033.-.

VAR20 MAR TRIN MIN TEMP 0.85148 0.•72502 0.02240 -0.11998 10.88773 0.59499
VAR21 APR TRIN MIN TEMP 0.88647 0.78582 0.06080 0.31908 -6.036822 -0. :~5992
VAR37 FEB NOS GAL MIN TEMP 0.89452 0.80017 0.01434 -0.16407 3.796063 0.17625
VARl17 MAR NOS GAL MEAN TEMP 9.89897 0.80814 0.00797 -0.49219 -9.813098 -0 •.59976
VAR36 JAN NOS GAL MIN TEMP 0.90055 0.81099 0.00285 0.10933 1.303781 0.05339
VAR23 APR NOS GAL MIN TEMP 0.90129 0.81232 0.00133 0.36554 -2.745397 -0.12767
(CONSTANT) 42.47699

SEE TABLES 5 AND 1 FOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 88. Summary of results of stepwise multiple regression analysis of brown shrimp total catch '<irea 19, 11·15
fathom depths) with temperature variables for the eighteen year (1960-1977)data set.

BETA
-0.31441

0.18738
-0.30490

0.15058
0.25699

-0.05335
-0.08097

B
-4.394412

3.424976
-10.26567

2.241598
3.369051

-0.7004906
-0.8279267

228.7750

SIMPLE R
-0.34241

0.32608
-0.22690

0.17490
0.24972

-0.15753
0.21548

MULTIPLE R
0.34241
0.46899
0.54742
0.55694
0.56204
0.56358
0.56516

(UNITS GIVEN IN TABL~ 3)
MAR NOS GAL MIN TEMP
APR NOS GAL MEAN TEMP
MAY NOS GAL MEAN TEMP
JAN NOS GAL MIN TEMP
APR NOS GAL MIN TEMP
FEB NOS GAL MIN TEMP
APR TRIN MIN TEMP

~E~E~D~N~ ;A~I~B~E:.- - ;A~9~ - - -T~T-C~T-1~ ~P~H-3- ~P~U~D~,-H~~S-OFF) X 10=5- - - - - - - - - - - - - - - - - --

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.11725 0.11725
0.21995 0.10270
0.29967 0.07973
0.31018 0.01051
0.31588 0.00570
0.31763 0.00174
0.31941 0.00178

VARIABLE
VAR22
VARl18
VARl19
VAR36
VAR23
VAR37
VAR21
(CONSTANT)

N.....•
N

SEE TABLES 5 AND 1 FOR REFERENCE NU~~ER AND VARIABLE NAME, RESPECTIVELY.



Table 89. Summary of results of stepwise multiple regression analysis of brown shrimp Interview catch/effort (area 18)
with temperature variables for the eighteen year (1960-1977)data set.

DEPENDENT VARIABLE •• CTEF18 CAT-EFF 18 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR118 APR NOS GAL MEAN TEMP 0.80811 0.65303 0.65303 0.80811 100.4722 0.66206
VAR37 FEB NOS GAL MIN TEMP 0.82383 0.67870 0.02567 0.00722 23.34213 0.19686
VAR21 APR TRIN MIN TEMP 0.83751 0.70142 0.02272 0.58752 6.202800 0.07149

N VAR22 MAR NOS GAL MIN JEMP 0.84598 0.71567 0.01426 -0.25889 -49.58331 -0.34693"w VAR20 MAR TRIN MIN TEMP 0.85435 0.72991 0.01423 0.13999 33.63191 0.35501
VAR36 JAN NOS GAL MIN TEMP 0.88006 0.77451 0.04460 0.27837 35.59752 0.28054
VAR119 MAY NOS GAL MEAN TEMP 0.88344 0.78047 0.00596 0.18465 -23.84406 -0.08435
(CONSTANT) -1322.523

SEE TABLES 5 AND 1 fOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 90. Summary of results of stepwise multiple regression analysis of brown shrimp Interview catch/effort (area 19)
with temperature variables for the eighteen year (1960-197n data set.

(UNITS GIVEN IN TABLE 3)
APR NOS GAL MEAN TEMP
MAR NOS GAL MIN TEMP
JAN NOS GAL MIN TEMP
MAR TRIN MIN TEMP
APR TRIN MIN TEMP
MAY NOS GAL MEAN TEMP

MULTIPLE R
0.77281
0.78420
0.78800
0.79447
0.79665
0.79771

DEPENDENT VARIABLE ••

VARIABLE
VAR118
VAR22
VAR36
VAR20
VAR21
VARl19
(CONSTANT)

CTEF19 CAT-EFF 19 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.59724 0.59724
0.61497 0.01773
0.62094 0.00597
0.63118 0.01025
0.63465 0.00347
0.63635 0.00169

SIMPLE R
0.77281

-0.23148
0.24237
0.07652
0.46921
0.23737

B
92.44649

-29.75161
15.05233
14.36016

-7.096517
10.58205

-1493.064

BETA
0.73165

-0.25003
0.14248
0.18206

-0.09824
0.04496

- - - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 AND 1 fOR REfERENCE NUMBER AND VAR IABLE NAME, RESPECT IVELY•

Table 91. Summary of results of stepwise multiple regression analysis of brown shrimp Interview catch/effort (area
19,11·15 fathom depths) with temperature variables for the eighteen year (1960-197n data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -DEPENDENT VARIABLE ••

BETA
0.87075
0.26372

-0.25059
0.11487
0.08659

-0.05020

B
118.6422
28.07496

-19.52054
29.15345
9.865129

-6.441553
-2582.398

SIMPLE R
0.72228
0.14869
0.26819
0.22794
0.30287

-0.11805

MULTIPLE R
0.72228
0.77756
0.79607
0.80636
0.81051
0.81195

CAT-EFF 19 DPTH 3 (POUNDS, HEADS OFf/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.52169 0.52169
0.60461 0.08291
0.63373 0.02912
0.65022 0.01650
0.65693 0.00670
0.65927 0.00234

CTEF193

(UNITS GIVEN IN TABLE 3)
APR NOS GAL MEAN TEMP
FEB NOS GAL MIN TEMP
APR TRIN MIN TEMP
MAY NOS GAL MEAN TEMP
JAN NOS ,GAL MIN TEMP
MAR NOS GAL MIN TEMP

VARIABLE
VAR118
VAR37
VAR21
VAR119
VAR36
VAR22
(CONSTANT>
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 AND' FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 92. Correlation matrix showing the simple bivariate Pearson product moment correlation coefficients between all
possible pairs of variables in the eighteen year (1960·1977)data set used to relate brown shrimp total catch
and Interview catch/effort variables to wind and tide variables.

(UNITS GIVEN IN TABLE 31
VAAl VAR2 VAR91 CTEf18 CTEfl9 ClEf 193 VAA26 VAA27 VAH28 VAA29 VAA30 VAA31

VAAl 1.00000 0.37432 0.78436 0.76625 0.77554 0.60379 -0.52860 -0.50371 -0.09341 -0.28389 -0.28377 -0.38538
VAA2 0.37432 1.00000 0.30464 0.71579 0.52953 0.76571 -0.08945 0.09308 -0.62797 -0.52132 0.08369 -0.30075
VAR91 0.78436 0.30464 1.00000 0.47746 0.54389 0.40899 -0.20145 -0.12270 -0.05883 -0.31774 -0.28851 -0.45931
ClEf18 0.76625 0.71579 0.47746 1.00000 0.88137 0.74861 -0.51649 -0.35456 -0.37089 -0.27706 -0.04312 -0.23163
CTEfl9 0.77554 0.52953 0.54389 0.88n7 1.00000 0.74772 -0.47087 -0.36227 -0.13987 -0.29646 -0.04868 -0.16280
CTEf193 0.60379 0.76571 0.40899 0.74861 0.74772 1.00000 -0.22334 -0.07273 -0.31250 -0.61554 0.21728 -0.19755
VAA26 -0.52860 -0.08945 -0.20145 -0.51649 -0.41081 -0.22334 1.00000 0.65061 -0.01123 -0.25483 0.21772 -0.05371
VAR27 -0.50371 0.09308 -0.12270 -0.35456 -0.36227 -0.07273 0.65061 1.00000 -0.21712 -0.31209 0.25484 0.14475
VAR28 -0.09341 -0.62797 -0.05883 -0.37089 -0.13987 -0.31250 -0.01123 -0.21712 1.00000 0.37513 0.15619 -0.20599
VAR29 -0.28389 -0.52132 -0.31774 -0.27706 -0.29646 -0.61554 -0.25483 -0.31209 0.37513 1.00000 0.21959 -0.08614
VAR30 -0.28377 0.08369 -0.28851 -0.04312 -0.04868 0.21728 0.21772 0.25484 0.15619 0.21959 1.00000 -0.16154
VAA31 -0.38538 -0.30075 -0.45931 -0.23163 -0.16280 -0.19755 -0.05371 0.14475 -0.20599 -0.086-14 -0.16154 1.00000
VAAl14 -0.18307 -0.04506 -0.02735 -0.27765 -0.35835 -0.01717 0.47185 0.32382 -0.22633 -0.31167 0.11429 0.05832
VAA115 -0.08450 -0.09185 -0.07226 -0.05625 -0.12181 -0.33001 0.10702 -0.04930 0.02882 0.34801 -0.02236 -0.43393

N VARI16 -0.22761 -0.46513 -0.30672 -0.45788 -0.53089 -0.39833 0.12841 -0.09232 -0.05482 0.05662 -0.24708 0.31298
'-J
U1

VAA114 VAAI15 VAA116
VARI -0.18307 -0.08450 -0.22761
VAR2 -0.04506 -0.09185 -0.46513
VAR91 -0.02735 -0.07226 -0.30672
CTEf18 -0.27765 -0.05625 -0.45788
CTEfl9 -0.35835 -0.12781 -0.53089
CTEfl93 -0.01717 -0.33001 -0.39833
VAR26 0.47185 0.10702 0.12841
VAA27 0.32382 -0.04930 -0.09232
VAA28 -0.22633 0.02882 -0.05482
VAA29 -0.31167 0.34807 0.05662
VAA30 0.11429 -0.02236 -0.24708
VAA31 0.05832 -0.43393 0.31298
VAAl14 1.00000 -0.01653 0.45191
VAA115 -0.01653 1.00000 0.01569
VAA116 0.45191 0.07569 1.00000

SEE TABLES 5 AND I FOR REFERENCE NllI'SERAND VAAIABLE NAIE, RESPECTIVay.



Table 93. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 18)with wind
and tide variables for the eighteen year (1960·1977)data set.

BETA
-0.64155
-0.22723
-0.37311
-0.43028
-0.11668

0.22417
-0.14394
-0.08490
-0.05736

B
-3.660900

-0.1598403
-0.2553135

-1.704686
-5.057733
0.1255175
-6.071243
-3.463119

-0.3096137
355.5058

SIMPLE R
-0.62797
-0.46513
-0.30075
-0.52132
-0.08945

0.08369
-0.04506

0.09308
-0.09185

MULTIPLE R
0.62797
0.80290
0.85701
0.90125
0.91385
0.92857
0.93420
0.93607
0.93709

(UNITS GIVEN IN TABLE 3)
MAR GAL FASTEST WIND
FEB GAL FAST WIND DIR
APR GAL FAST WIND DIR
APR GAL FASTEST WIND
MAR NOS FRE HI TIDE
MAR GAL FAST WIND DIR
FEB FRE H I TIDE
APR NOS FRE HI TIDE
FEB GAL FASTEST WIND

~E~E~D~N~ ~A~I~B~E~.- - ;~2- - - -T~T-C~T-1~ -(~~N~S~ ~EADS OFF)-x-tO-5 - - - - - - - - - - - - - - - - - - - - - -

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.39435 0.39435
0.64465 0.25031
0.73447 0.08982
0.81226 0.07779
0.83511 0.02286
0.86225 0.02713
0.87272 0.01047
0.87623 0.00350
0.87815 0.00192

VARIABLE
VAR28
VAR116
VAR31
VAR29
VAR26
VAR30
VARl14
VAR27
VARl15
(CONSTANT)

SEE TABLES 5 AND 1 FOR REFERENCE NUI~ER AND VARIABLE NAME, RESPECTIVELY.



Table 94. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 19)with wind
and tide variables for the eighteen year (1960-1977)data set.

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR26 MAR NOS FRE HI TIDE 0.52860 0.27942 0.27942 -0.52860 -30.30703 -0.45351

N VAR29 APR GAL FASTEST WIND 0.68324 0.46681 0.18740 -0.28389 -2.630526 -0.43069•.....•
•.....• VAR31 APR GAL FAST WIND DIR 0.82455 0.67989 0.21307 -0.38538 -0.4809324 -0.45588

VAR27 APR NOS FRE HI TIDE 0.84975 0.72207 0.04218 -0.50371 -18.31531 -0.29124
VAR30 MAR GAL FAST WIND DIR 0.85171 0.72541 0.00334 -0.28377 -0.8985297E-01 -0.10409
VARl15 FEB GAL FASTEST WIND 0.85425 0.72974 0.00433 -0.08450 -0.7688891 -0.09240
VAR28 MAR GAL FASTEST WIND 0.85658 0.73372 0.00398 -0.09341 -0.6065553 -0.06895
VARl16 FEB GAL FAST WIND DIR 0.85753 0.73535 0.00163 -0.22761 -0.7804732E-01 -0.07197
VARl14 fEB FRE HI TIDE 0.85810 0.73634 0.00099 -0.18307 2.917921 0.04487
(CONSTANT) 562.3407

SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 95. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 19, 11-15
fathom depths) with wind and tide variables for the eighteen year (1960-1977)data set.

BE.TA
-0.60987
-0.39914
-0.22742
-0.23319

0.21278
-0.31165
-0.16708

0.11628

B
-0.3922357
-0.2100519

-1.153802
-0.1541668

8.434911
-12.69720

-0.6221364
4.457963
157.2853

SIMPLE R
-0 45931~-0.28851
-0.07226
-0.30672
-0.02735
-0.20145
-0.31714
-0.12270

(UNITS GIVEN IN TABLE 3)
APR GAL FAST WIND DIR
MAR GAL FAST WIND DIR
FEB GAL FASTEST WIND
FEB GAL FAST WIND DIR
FEB FRE H I TIDE
MAR NOS FRE HI TIDE
APR GAL FASTEST WIND
APR NOS FRE HI TIDE

~E~E~D;N~ ~A~I;B~E~.- - ;A~9~ - - -T~T-C;T-1~ ~P~H-3- -(;O~N~S,-H-E~S-OFf) -xlo-f - - - - - - - - - - - - - --

SUMMARY TABLE
MULTIPLE R R SQUARE RSQ CHANGE

0.45931 0.21097 0.21097
0.58826 0.34605 0.13508
0.68020 0.46268 0.11663
0.70363 0.49510 0.03242
0.72352 0.52348 0.02838
0.74349 0.55278 0.02931
0.75696 0.57299 0.02021
0.76093 0.57901 0.00602

VARIABLE
VAR31
VAR30
VAR115
VAR116
VAR114
VAR26
VAR29
VAR27
(CONSTANT)

N
'-Jco

SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 96. Summary 01 results 01 stepwise multiple regression analysis 01 brown shrimp interview catch/ellort (area 18)
with wind and tide variables lor the eighteen year (1960-1977) data set

(UNITS GIVEN IN TABLE 3)
MAR GAL FASTEST WIND
FEB GAL FAST WIND DIR
MAR GAL FAST WIND DIR
APR GAL FASTEST WIND
FEB FRE HIT IDE
APR NOS FRE HI TIDE
APR GAL FAST WIND DIR
MAR NOS FRE HI TIDE
FEB GAL FASTEST WIND

MULTIPLE R
0.46676
0.67254
0.79637
0.82264
0.86920
0.88743
0.89824
0.90044
0.90186

DEPENDENT VARIABLE••

VARIABLE
VAR28
VAR116
VAR30
VAR29
VARl14
VAR27
VAR31
VAR26
VARl15
(CONSTANT>

CTEF18 CAT-EFF 18 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.21787 0.21787
0.45231 0.23445
0.63420 0.18189
0.67673 0.04253
0.75550 0.07877
0.78753 0.03203
0.80684 0.01931
0.81080 0.00396
0.81336 0.00256

SIMPLE R
-0.46676
-0.45788
-0.30765
-0.40576
-0.32205
-0.28591
-0.19096
-0.46247
-0.05625

B
-22.03954
-2.016445

-0.9066688
-14.40979
-94.71685
-71.29134

-0.7840882
-46.78337

2.976000
3200.472

BETA
-0.45957
-0.33883
-0.15415
-0.42179
-0.27237
-0.20156
-0.13746
-0.12369

0.06517

SEE TABLES 5 AND 1 fOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 97. Summary of results of stepwise multiple regression analysis of brown shrimp Interview catch/effort (area 19)
with wind and tide variables for the eighteen year (1960-1977)data set.

DEPENDENT VARIABLE •• CTEF19 CAT-EFF 19 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VARl16 FEB GAL FAST WIND DIR 0.53089 0.28184 0.28184 -0.53089 -2.056333 -0.46148

N VAR30 MAR GAL FAST WIND DIR 0.68553 0.46995 0.18810 -0.28909 -0.8259127 -0.18754ro
a VAR29 APR GAL FASTEST WIND 0.77515 0.60086 0.13092 -0.41403 -13.63919 -0.53320

VARl14 FEB FRE HI TIDE 0.82645 0.68302 0.08215 -0.40069 -82.56738 -0.31710
VAR28 MAR GAL FASTEST WIND 0.84153 0.70817 0.02516 -0.21060 -6.071762 -0.16909
VAR27 APR NOS FRE HI TIDE 0.85844 0.73692 0.02875 -0.30183 -69.64142 -0.26296
VARl15 FEB GAL FASTEST WIND 0.86093 0.74120 0.00428 -0.12781 3.365025 0.09841
VAR31 APR GAL FAST WIND DIR 0.86192 0.74291 0.00171 -0.12187 0.2285522 0.05351
(COt:lSTANT) 2118.025----------------------------------------------- ---_0
SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 98. Summary of results of stepwise multiple regression analysis of brown shrimp Inteaview catch/effort (area 19,
11·15 fathom depths) with wind and tide variables for the eighteen year (1960-1977)data set.

DEPENDENT VARIABLE•• CTEf193 CAT-Eff 19 DPTH 3 (POUNDS, HEADS Off/DAY)

VARIABLE
VAR29
VARl16
VAR26
VAR30
VAR27
VAR28
VAR31
VAR115
VAR114
(CONSTANT)

Nco•.....
(UNITS GIVEN IN TABLE 3)
APR GAL fASTEST WIND
fEB GAL fAST WIND DIR
MAR NOS fRE HI TIDE
MAR GAL fAST WIND DIR
APR NOS fRE HI TIDE
MAR GAL fASTEST WIND
APR GAL fAST WIND DIR
fEB GAL fASTEST WIND
fEB fRE HI TIDE

MULTIPLE R
0.74012
0.82172
0.85610
0.89553
0.91815
0.92985
0.94074
0.94319
0.94342

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.54778 0.54778
0.67523 0.12745
0.73290 0.05767
0.80198 0.06907
0.84300 0.04102
0.86463 0.02163
0.88499 0.02037
0.88961 0.00461
0.89004 0.00043

SIMPLE R
-0.74012
-0.39833
-0.15906
0.09780
0.00119

-0.38048
-0.16436
-0.33001
-0.04014

B
-21.99153

-0.6666048
-113.3800
2.214982

-75.96703
-7.567168

-0.9543252
-3.294905
-9.122807
2955.598

BETA
-0.79829
-0.13891
-0.37175
0.46703

-0.26635
-0.19568
-0.20747
-0.08947
-0.03253

SEE TABLES 5 AND 1 fOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 99. Correlation matrix showing the simple bivariate Pearson product moment correlation coefficients between all
possible pairs 01 variables In the eighteen year (1960-1977) data set used to relate brown shrimp total catch
and interview catch/eltort variables to bay catch and bay eltort variables.

(UNITS GIVEN IN THllE 3)
VAAl VAA2 VAA91 CTEfl6 CTEFI9 CTEFI9:S BCEI6 BCEI9 BCELl6 BCELl9 VAR97 VAR96

VARI 1.00000 0.:S74:S2 0.764:S6 0.76625 0.77554 0.60:S79 0.220:S7 -0.31/9U 0.05451 -0.02lin -0.02176 -0.30J:s6
VAR2 0.37432 1.00000 0.30464 0.71579 0.52953 0.76571 0.57736 0.050:S7 0.07466 0.46192 0.40979 0.06!ln
VAR91 0.76436 0.30464 1.00000 0.47746 0.54:S69 0.40699 0.24175 -0.27566 0.29291 -0.16450 -0.02513 -0.26515
CTEFI6 0.76625 0.71579 0.47746 1.00000 0.66137 0.74661 0.21100 -0.14426 -0.06071 0.16916 -0.00613 -0.13771
CTEFI9 0.77554 0.52953 0.54:S69 0.66137 1.00000 0.74772 0.29911 -0.05604 0.19104 0.17941 0.10214 -0.11295
CTEFI9:S 0.60379 0.76571 0.40699 0.74861 0.74772 1.00000 0.61012 0.02909 0.:S4976 0.54064 0.47:168 0.0:S617
BCEI8 0.22037 0.57136 0.24175 0.21100 0.29911 0.61072 1.00000 0.34867 0.:S3!l69 0.50319 0.69621 0.309H
BCEI9 -0.31790 0.05037 -0.27566 -0.14426 -0.05604 0.02909 0.34667 1.00000 0.07772 0.34004 0.44426 0.94763
BCEtl8 0.05451 0.07466 0.29291 -0.06071 0.19104 0.34978 0.33~69 0.07772 1.00000 0.37079 0.35015 0.17341
BCELl9 -0.02873 0.48192 -0.16450 0.16916 0.17941 0.54064 0.50319 0.34004 0.37079 1.00000 0.51937 0.36:S80
VAR97 -0.02176 0.40979 -0.0251:S -0.00813 0.10214 0.47566 0.69621 0.44426 0.:S5015 0.5HH7 1.00000 0.40498
VAR96 -0.:S01:S6 0.06572 -0.26515 -0.13771 -0.11295 0.0:S817 0.30943 0.9478:S 0.17341 0.:S8380 0.40498 -1.00000

N VAR99 -0.3:S596 -0.09663 -0.35582 -0.33480 -0.12769 0.17100 0.45787 0.55061 0.3643!l 0.33078 0.71691 0.53478Ol
N VARIOO -0.22101 0.16477 -0.24921 -0.08626 -0.12266 0.20674 0.41989 0.6692b 0.35789 0.51936 0.45:S23 0.83815

VARIOI -0.13253 0.15364 0.0165:S -0.121121 0.08914 0.32099 0.42742 0.26609 0.90551 0.46364 0.52176 0.:S9321
VARI02 -0.11550 0.49644 -0.22661 0.11420 0.05697 0.52776 0.47497 0.29422 0.:S2737 0.95449 0.45661 0.34413
VARIO:S -0.16766 0.15482 -0.24193 -0.12137 0.01069 0.39349 0.52J:s0 0.52668 0.54175 0.56594 0.66181 0.!l9222
VAR104 -0.10532 0.:S6792 -0.05602 0.0J:s49 0.02369 0.51742 0.47384 0.3:S41~ 0.46924 0.68127 0.:S6462 0.37579

VAR99 VARIOO VAR101 VARI02 VARI03 VARI04
VJ\JH -0.3:S596 -0.22101 -0.13253 -0.11550 -0.18766 -0.10532
VAR2 -0.09663 0.16477 0.15364 0.49844 0.15482 0.36792
VAR91 -0.35582 -0.24921 0.0185:S -0.22661 -0.24193 -0.05602
CTEfl8 -0.33460 -0.08628 -0.12621 0.11420 -0.121:37 0.01349
CTEFI9 -0.12769 -0.12266 0.06914 0.05697 0.01069 0.02369
CTEfl93 0.17100 0.20674 0.:S2099 0.52776 0.39349 0.51742
BCE16 0.45787 0.41969 0.42742 0.47497 0.52BO 0.47364
BCE19 0.55061 0.66926 0.26609 0.29422 0.52686 0.3:S415
BCEI 18 0.36435 0.35789 0.90551 0.32737 0.54175 0.46924
BCEl19 0.3:S076 0.51936 0.46364 0.95449 0.56594 0.68127
VIIR97 0.71891 0.4532:S 0.52176 0.45661 0.66161 0.36462
VAR98 0.53476 0.6:S615 0.:S9321 0.:S4413 0.59222 0.37579
VIIR99 1.00000 0.53706 0.54644 0.27271 0.76765 0.32603
VAR100 0.53706 1.00000 0.57123 0.5296:S 0.71676 0.56144
VIIRIOI 0.54644 0.57123 1.00000 0.42564 0.76200 0.51269
VAAI02 0.27271 0.52963 0.42564 1.00000 0.57215 0.62674
VAAI03 0.76765 0.71676 0.76200 0.57215 1.00000 0.66109
VARI04 0.32603 0.56144 0.51269 0.62674 0.66109 1.00000

SEE USlES ~ AND I FOR REFERENCE lIUMBER AND VAAIMllE NAlE, RESPECTIVelY.



Table 100. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 18) with bay
catch and bay effort variables for the eighteen year (1960·1977)data set.

BETA
0.24351

-0.88637
0.83053
0.15301

-0.05393
0.05099
0.03101

B
0.1524294
-4.962399
0.6277017
0.7370256

-0.3864599E-01
0.2689963
0.1916076E-01
57.20944

SIMPLE R
0.49844

-0.09863
0.40979
0.15482
0.15364
0.36792
0.06572

MULTIPLE R
0.49844
0.55487
0.76037
0.76347
0.76429
0.76468
0.76508

~E~E~D~N~ ~A~I~B~E:.-- ~A~2- - - -T~T-C~T-l~ -(~O~N~S~ ~E~; OFF)-X-l0-5 - - - - - - - - - - - - - - - - - - - - - -

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.24844 0.24844
0.30788 0.05944
0.57816 0.27029
0.58288 0.00472
0.58414 0.00125
0.58474 0.00060
0.58534 0.00060

VARIABLE(UNITS GIVEN IN TABLE 3)
VAR102 LAG BAY CAT 19
VAR99 BAY TRIPS 18
VAR97 BAY CAT 18
VAR103 LAG BAY TRIPS 18
VAR101 LAG BAY CAT 18
VAR104 LAG BAY TRIPS 19
VAR98 BAY CAT 19
(CONSTANT)

Ncow

SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 101. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 19) with bay
catch and bay effort variables for eighteen year (1960-1977)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --; - - - - - - - - - - - - - - - - - - - - - .DEPENDENT VARIABLE•• VARl TOT CAT 19 (POUNDS, HEADS Off) X 10

VARIABLE (UNITS GIVEN IN TABLE 3)
VAR99 BAY TRIPS 18
VAR97 BAY CAT 16
VAR102 LAG BAY CAT 19
VAR103 lAG BAY TRIPS 16
VAR98 BAY CAT 19
VAR101 LAG BAY CAT 16
VAR100 BAY TRIPS 19
VAR104 lAG BAY TRIPS 19
(CONSTANT>

MULTIPLE R
0.33596
0.46133
0.48852
0.52095
0.54666
0.55531
0.56009
0.56047

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.11287 0.11287
0.21282 0.09995
0.23865 0.02582
0.27139 0.03274
0.29864 0.02744
0.30837 0.00953
0.31370 0.00533
0.31413 0.00043

SIMPLE R
-0.33596
-0.02176
-0.11550
-0.16766
-0.30136
-0.13253
-0.22101
-0.10532

B
-7.799008
0.6712066

-0.3627485
4.014061

-0.3121598
-0.1985652

1.363953
0.3456032

137.4896

BETA
-0.90359
0.57606

-0.37589
0.54056

-0.32773
-0.17975
0.16732
0.04249

SEE TABLES 5 AND 1 fOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 102. Summary of results of stepwise multiple regression analysis of brown shrimp total catch (area 19,11-15
fathom depths) with bay catch and bay effort variables for the eighteen year (1960-1977)data set.

DEPENDENT VARIABLE •• VAR91
-5TOT CAT 19 DPTH 3 (POUNDS, HEADS Off) X 10

Nco
01

VARIABLE (UNITS GIVEN IN TABLE 3)
VAR99 BAY TRIPS 18
VAR97 BAY CAT 18
VAR102 LAG BAY CAT 19
VAR104 LAG BAY TRIPS 19
VAR101 LAG BAY CAT 18
VAR100 BAY TRIPS 19
VAR103 LAG BAY TRIPS 18
(CONSTANT)

SUMMARY TABLE
MULTIPLE R R SQUARE RSQ CHANGE

0.35582 0.12661 0.12661
0.48656 0.23674 0.11013
0.56483 0.31903 0.08229
0.67431 0.45470 0.13567
0.69847 0.48785 0.03316
0.70396 0.49556 0.00771
0.70670 0.49943 0.00387

SIMPLE R
-0.35582
-0.02513
-0.22681
-0.05602
0.01853

-0.24921
-0.24193

B

-4.307465
0.4898149

-0.4891424
3.166802

0.2165861
-0.4904294
-0.7884386

53.65250

BETA
-0.81860
0.68954

-0.83139
0.63867
0.32159

-0.09868
-0.17416

SEE TABLES 5 AND 1 fOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 103. Summary of results of stepwise multiple regression analysis of brown shrimp IntelVlew catch/effort (area 18)
with bay catch and bay effort variables for the eighteen year (1960-1977)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - - - - - - .

VARIABLE (UNITS GIVEN IN TABLE 3)
BCE18 BAY CAT-TRIP 18
BCE19 BAY CAT-TRIP 19
BCEL18 LAG BAY CAT-TRIP 18
BCEL19 LAG BAY CAT-TRIP 19
(CONSTANT)

MULTIPLE R
0.21100
0.31395
0.35770
0.39771

DEPENDENT VARIABLE •• CTEF18 CAT-EFF 18 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.04452 0.04452
0.09856 0.05404
0.12795 0.02939
0.15817 0.03022

SIMPLE R
0.21100

-0.14426
-0.08071
0.16918

B
3.170406

-4.039542
-2.471523

2.861294
562.1741

BETA
0.28598

-0.29837
-0.23248
0.21293

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .
~ SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.
0'\

Table 104. Summary of results of stepwise multiple regression analysis of brown shrimp IntelVlew catch/effort (area 19)
with bay catch and ba~ effort variables for the eighteen year (1960-1977)data set.

DEPENDENT VARIABLE •• CTEF19 CAT-EFF 19 (POUNDS, HEADS OFF/DAY)

BETA
0.30946

-0.19243
0.08007
0.05944

B
2.546517

-1.933875
0.6318710
0.5928271
424.6536

SIMPLE R
0.29911

-0.05804
0.19104
0.17941

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.08947 0.08947
0.11949 0.03003
0.12734 0.00784
0.12969 0.00235

MULTIPLE R
0.29911
0.34568
0.35685
0.36013

(UNITS GIVEN ~ TABLE 3)
BAY CAT-TRIP 18
BAY CAT-TRIP 19
LAG BAY CAT-TRIP 18
LAG BAY CAT-TRIP 19

VARIABLE
BCE18
BCE19
BCEL18
BCEL19
(CONSTANT)- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .

SEE TABLES 5 AND 1 FOR REFERENCE NU~~ER AND VARIABLE NAME, RESPECTIVELY.



Table 105. Summaty of results of stepwise multiple regression analysis of brown shrimp IntelView catch/effort (area 19,
11-15 fathom depths) with bay catch and bay effort variables for the eighteen year (1960-1977)data set.

VARIABLE (UNITS GIVEN IN TABLE 3)
BCE18 BAY CAT-TRIP 18
BCEL19 LAG BAY CAT-TRIP 19
BCE19 BAY CAT-TRIP 19
BCEL18 LAG BAY CAT-TRIP 18
(CONSTANT)

SIMPLE R
0.61072
0.54084
0.02909
0.34978

DEPENDENT VARIABLE•• CTEF193 CAT-EFF 19 DPTH 3 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

MULTIPLE R R SQUARE RSQ CHANGE
0.61072 0.37298 0.37298
0.66783 0.44600 0.07303
0.71541 0.51182 0.06581
0.71828 0.51592 0.00411

B
4.418630
3.757110

-2.917161
0.5933519
410.0595

BETA
0.50415
0.35365

-0.27254
0.07060

SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 106. Summary statistics for the ten year (1964-1973) data set used to develop the step-
wise multiple regression models relating white shrimp total catch and interview
catch/effort variables to environmental variables and indices of recruitment

VARIABLE
VAR2
VARl
VAR68
CTEF18
CTEF19
CTEF193
XE18
XE19
XE193
VAR15
VAR16
VAR17
VAR18
VAR19
VAR20
VAR21
VAR22
VAR23
VAR24
VAR25
VAR26
VAR27
VAR28
VAR29
VAR30
VAR31
VAR32
VAR33
VAR34
VAR35
VAR36
VAR37
VAR38
VAR39
VAR40
VAR41
VAR42
VAR43
VAR44
VAR45

(uNITS GIVEN
MEAN

19.1249
23.7770

1.4759
179.1299
134.3243
37.3631
80.9301

227.7682
83.2440

162.4491
136.8256
492.5122

58.2846
24.8516
30.6615
48.7536
30.4837
35.2349
94.1936
55.6900
13.9700
18.5710
13.1830
13.6667
59.4000
33.2400
31.6400

5.9920
6.1444

93.0000
88.5000

147.6169
112.9752
397.3383

7.0700
9.4600

51.5670
17.0080
12.2720

234.5005

IN TABLE 4)
STANDARD DEV

5.4036
7.7008
0.6991

82.1244
81 .2364
22.9945
23.0437
51.2435
32.1624
37.7817
66.1030

309.8261
19.8272
4.7823

10.6118
34.0776
25.2123
26.5912
96.5308
11.8441
8.7364
4.7918
5.1444
6.1441

12.0296
3.8147
3.3804
0.5399
0.4361

35.2136
27.7939
18.0021
52.1843

239.2765
1.8117
1.8518

11.3639
4.4281
4.9134

203.2598

CASES
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
9

10
10
10
10
9

10
10
10
10
10
10
10
10
10
10
10

288



Table 106 continued

VARIABLE MEAN STANDARD DI:V CASES
VAR46 26.3433 17.5447 10
VAR47 224.4764 75.3143 10
VAR48 196.3802 75.7088 10
VAR49 207.8700 72.2351 10
VAR50 189.5591 71.8345 10
VAR51 206.3000 73.3319 10
VAR52 179.6000 48.7675 10
VAR53 47.4000 39.8814 10
VAR54 77.6800 94.3994 10
VAR55 131.9000 100.6282 10
VAR56 15.0590 7.1041 10
VAR57 28.2110 6.4235 10
VAR58 20.8880 8.3351 10
VAR59 32.7970 3.2456 10
VAR60 27.1860 4.0446 10
VAR61 33.6450 2.4373 10
VAR62 110.8000 41 .0820 10
VAR63 87.3000 23.7208 10
VAR64 100.3000 37.4494 10
VAR65 62.4000 17.5891 10
VAR66 77.2000 41 .6808 10
VAR67 62.1000 18.2419 10
VAR76 14.7355 3.8314 10
VAR77 18.7165 4.8754 10
VAR78 14.5416 3.6488 10
VAR79 17.2329 3.2715 10
VAR80 48.6514 12.4562 10
VAR81 128.5832 83.9930 10
VAR82 9.9660 4.7898 10
VAR83 27.1688 10.0021 10
VAR84 62.6898 54.3744 10
VAR85 21.5425 9.4149 10
VAR86 31.2450 18.1366 10
VAR87 30.7000 5.6184 10
VAR88 31.4000 7.9190 10
VAR89 28.7000 7.0719 10
VAR90 34.8000 8.4958 10
VAR91 33.3000 6.3605 10
VAR92 117.0000 67.7495 10
VAR93 90.0000 47.4342 10

289



Table 106 continued

VARIABLE
VAR94
VAR95
VAR96
VAR97
VAR98
VAR99
VAR100
VAR10l
WCE18
WCE19
WCEL18
~/CEL19

MEAN
108.0000
67.5000
36.0000

5.9533
5.6822
5·.8478
6.9011
6.4650

132.1603
127.4724
129.7333
126.8781

STANDARD DEV
52.8205
38.2426
18.9737

0.4809
0.3819
0.5468
1.0844
0.4543

42.2317
59.8210
42.3643
60.0856

CASES
10
10
10
9
9
9
9
8

10
10
10
10

SEE TftBLES 6 AND 2 FOR REFERENCENUMBERAND VARIABLE NAME, RESPECTIVELY.
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Table 107. Correlation matrix showing the simple bivariate Pearson product moment correlation coefficients between
all possible pairs of variables In the ten year (1964-1973)data set used to relate white shrimp total catch and
Interview catch/effort variables to river discharge variables.

(UNITS GIVEN IN TABLE 41
VARI VAR2 VAR66 CTEfl8 CTEfl9 CTEfl93 VARI5 VARI6 VAR\1 VARI8 VARI9 VAR20VARI 1.00000 0.62975 -0.34055 0.80483 0.76076 0.09913 0.47563 0.42149 0.65592 0.46991 0.14459 0.03420VAR2 0.62975 1.00000 -0.60146 0.81875 0.56501 0.11663 0.58181 0.29913 0.20291 0.37449 0.35972 0.53402VAR66 -0.34055 -0.60146 1.00000 -0.32114 -0.00981 0.47672 -0.11033 -0.06470 0.05074 0.01710 -0.31029 -0.19923CTEf18 0.80463 0.81875 -0.32114 1.00000 0.69045 0.36957 0.74110 0.59392 0.53205 0.70676 0.23833 0.50094CTEfl9 0.76076 0.56501 -0.00981 0.89045 1.00000 0.61687 0.60279 0.70607 0.71649 0.85402 0.14762 0.41034CTEfl93 0.09913 0.11663 0.47672 0.36957 0.61687 1.00000 0.76957 0.60666 0.55405 0.76105 0.20511 0.57929VARI5 0.47583 0.58181 -0.11033 0.74110 0.60279 0.76957 1.00000 0.85978 0.70536 0.88934 0.56117 0.73670VARI6 0.42149 0.29913 -0.08470 0.59392 0.70607 0.60666 0.85978 1.00000 0.77469 0.75093 0.52602 0.61449VARI7 0.65592 0.20291 0.05074 '0.53205 0.71849 0.55405 0.70536 0.77469 1.00000 0.70322 0.28739 0.15326VARI6 0.48991 0.37449 0.01710 0.70676 0.85402 0.78105 0.88934 0.75093 0.70322 1.00000 0.34299 0.49063VAR19 0.14459 0.35972 -0.31029 0.23833 0.14762 0.20517 0.56117 0.52602 0.28739 0.34299 1.00000 0.52757VAR20 0.03420 0.53402 -0.19923 0.50094 0.41034 0.57929 0.13670 0.61449 0.15326 0.49063 0.52757 1.00000VAR21 0.33786 0.25554 -0.30907 0.44845 0.52035 0.42255 0.65794 0.84017 0.59135 0.48979 0.33570 0.63336VAR22 0.29215 0.36355 0.16133 0.55058 0.67385 0.75017 0.87247 0.74256 0.64983 0.84204 0.50009 0.48997N VAA23 0.51346 0.04665 0.40719 0.49837 0.69110 0.64111 0.56958 0.65439 0.86236 0.63188 0.05026 0.14654\.0 VAA24 0.16574 0.45579 0.08168 0.52275 0.49183 0.57175 0.69505 0.44083 0.40129 0.67634 0.31085 0.40367•....

VAR37 0.73011 0.74080 -0.11935 0.74390 0.72887 0.34473 0.61191 0.47841 0.50296 0.40821 0.29674 0.38626VAlil36 0.76827 0.51816 -0.11395 0.51096 0.49046 0.15636 0.36669 0.29116 0.60352 0.22707 0.34908 0.05300VAR39 0.38546 0.11628 -0.01334 0.06060 0.03866 -0.22460 -0.13669 -0.20299 -0.04620 -0.17130 0.30922 -0.16077
VAR45 0.58189 -0.05341 0.13171 0.25853 0.48345 0.34410 0.39386 0.55119 0.91915 0.41652 0.12864 -0.14136
VAR46 -0.04052 0.16510 0.34169 0.30584 0.28997 0.49246 0.52562 0.50360 0.23225 0.44222 0.56083 0.49932
VAR51 0.52973 0.64896 -0.24768 0.76512 0.76542 0.59036 0.95018 0.90046 0.66869 0.76010 0.64603 0.74122
VAR52 0.74451 0.85434 -0.34921 0.76921 0.61524 0.20041 0.54512 0.37280 0.42322 0.29177 0.30543 0.43415
VAR80 0.57881 0.57557 -0.16850 0.60645 0.66935 0.51871 0.17448 0.66634 0.17923 0.55611 0.32279 0.39909
VAR81 0.65834 0.33914 -0.35433 0.57839 0.69615 0.34404 0.66963 0.80992 0.73019 0.60867 0.37561 0.39686
VAR63 0.51566 0.60941 -0.05410 0.74906 0.75655 0.60652 0.86754 0.80055 0.70698 0.68430 0.41267 0.58210
VAR84 -0.23236 -0.13450 -0.28084 -0.15934 -0.11277 0.06238 0.12877 0.39870 0.04481 -0.09501 0.15741 0.45329
VIIR65 0.30601 -0.01896 -0.04363 0.11928 0.13368 -0.04042 -0.04365 0.21227 0.29003 -0.19716 -0.18236 0.07174
VAR86 0.53443 -0.05498 -0.29112 0.26083 0.37845 -0.10290 0.17613 0.54648 0.58439 0.21831 0.03666 -0.11455



Table 107 continued

VAA21 VAA22 VAA2:5 VAA24 VAA:57 VAA:58 VAR:59 VAA45 VAA46 VAA51 VAA52 VAA80VARI 0.:5:5788 0.29215 0.51:546 0.16574 0.73011 0.76827 0.38546 0.58189 -0.04052 0.52973 0.74451 0.57881VAR2 0.25554 0.36355 0.04665 0.45579 0.74080 0.51816 0.17628 -0.05:541 0.16510 0.64896 0.85434 0.57557VAA68 -0.:50907 0.16733 0.40719 0.08168 -0.119:55 -0.11:595 -0.013:54 0.1:5171 0.34169 -0.24768 -0.34921 -0.16850CTEfl8 0.44845 0.55058 0.49837 0.52275 0.74390 0.51096 0.06060 0.25853 0.30584 0.16512 0.76921 0.60645CTEF19 0.52035 0.67365 0.69170 0.49183 0.12867 0.49046 0.03866 0.46345 0.26997 0.76542 0.61524 0.66935CTEf193 0.42255 0.75071 0.64111 0.57115 0.34473 0.15636 -0.22460 0.34410 0.49246 0.59036 0.20041 0.51871VAA15 0.65794 0.81241 0.56956 0.69505 0.61191 0.36669 -0.13669 0.39386 0.52562 0.95018 0.54512 0.17448VAA16 0.84017 0.74256 0.65439 0.44063 0.47641 0.29176 -0.20299 0.55119 0.50380 0.90046 0.37280 0.68634VARI7 0.591:55 0.64963 0.86236 0.40129 0.50296 0.60352 -0.04620 0.91915 0.23225 0.66869 0.42322 0.17923VAA18 0.46979 0.84204 0.63168 0.67634 0.40621 0.22707 -0.171:50 0.41652 0.44222 0.76010 0.29117 0.55611VAR19 0.33570 0.50009 0.05026 0.31065 0.29674 0.34908 0.30922 0.12864 0.58083 0.64603 0.30543 0.32279VAA20 0.63336 0.48997 0.14654 0.40387 0.36626 0.05300 -0.18017 -0.14136 0.49932 0.74122 0.43415 0.39909VAA21 1.00000 0.33339 0.43341 0.04111 0.31671 0.17563 -0.25122 0.46274 0.07116 0.70683 0.33813 0.54754
N VAR22 0.33339 1.00000 0.56661 0.87154 0.49874 0.26448 -0.20276 0.34636 0.70698 0.80637 0.31235 0.69661\.0 VAA23 0.43341 0.56661 1.00000 0.36269 0.45117 0.51502 -0.06721 0.60331 0.39636 0.50654 0.36215 0.51770N VAA24 0.04111 0.67154 0.36269 1.00000 0.35903 0.12961 -0.36627 0.01786 0.63651 0.60029 0.28151 0.56821VAA37 0.31671 0.49674 0.45117 0.35903 1.00000 0.79648 0.39423 0.34120 0.32743 0.70844 0.91651 0.76325VAA38 0.1756:5 0.26446 0.51502 0.12961 0.79648 1.00000 0.6186:5 0.624:57 0.15105 0.45558 0.82666 0.63229VAR39 -0.25122 -0.20276 -0.06721 -0.36827 0.39423 0.61883 1.00000 0.09080 0.02498 -0.04005 0.37819 -0.10666VAA45 0.46214 0.34636 0.60331 0.01786 0.34720 0.62437 0.09080 1.00000 0.00438 0.37116 0.28836 0.60266VAR46 0.07118 0.70698 0.39636 0.63651 0.32743 0.15105 0.02496 0.00436 1.00000 0.55749 0.19423 0.24201VAA51 0.70683 0.80637 0.50654 0.60029 0.70844 0.45556 -0.04005 0.37116 0.55749 1.00000 0.64187 0.79265VAA52 0.3361:5 0.31235 0.36215 0.26151 0.91651 0.62666 0.37819 0.28836 0.19423 0.64187 1.00000 0.70187VAR80 0.54754 0.69661 0.57170 0.56821 0.76325 0.63229 -0.10666 0.60266 0.24201 0.79265 0.70187 1.00000VAA81 0.87103 0.31782 0.46061 0.02142 0.45943 0.40326 0.05436 0.62674 -0.01318 0.71812 0.42511 0.57995VAR83 0.52816 0.84371 0.65111 0.74227 0.11068 0.51266 -0.15802 0.43098 0.59806 0.90436 0.66185 0.88762VAA84 0.75836 -0.15610 -0.06529 -0.38690 -0.13734 -0.24054 -0.30691 0.06537 -0.18936 0.21234 -0.06142 0.09519VAR65 0.51454 -0.34723 0.40162 -0.51:544 0.26433 0.40580 0.15316 0.46480 -0.24691 0.06160 0.38251 0.18970VAA86 0.65093 0.00597 0.39962 -0.29917 0.1:5853 0.21959 -0.01012 0.65376 -0.24769 0.29080 0.10135 0.27024



Table 107 continued

VAfUll VAR83 VAR84 VAR85 VAR86
VARI 0.65834 0.51566 -0.23236 0.30801 0.53443VAR2 0.33914 0.60941 -0.13450 -0.01898 -0.05498
VAR68 -0.3503 -0.05410 -0.28084 -0.04363 -0.29112
CTEfl8 0.57639 0.74906 -0.15934 0.11928 0.26083CTEF19 0.69615 0.75655 -0.11277 0.13388 0.37845
CTEF193 0.34404 0.60652 0.06238 -0.04042 -0.10290
VARI5 0.66963 0.86754 0.12877 -0.04385 0.17613
VARI6 0.80992 0.80055 0.39670 0.21227 0.54648
VAR17 0.73019 0.70698 0.04481 0.29003 0.58439
VARI8 0.60867 0.6800 -0.09501 -0.19716 0.21831VAR19 0.37561 0.41267 0.15741 -0.18236 0.03666
VAR20 0.39686 0.58210 0.45329 0.07174 -0.11455
VAR21 0.87103 0.52816 0.75836 0.51454 0.65093

N
VAR22 0.37782 0.8071 -0.15810 -0.34723 0.00597

lO VAR23 0.48061 0.65111 -0.08529 0.40182 0.39962
w VAR24 0.02142 0.74227 -0.38690 -0.51344 -0.29971

VAR37 0.45943 0.71068 -0.13734 0.26433 0.13853
VAR38 0.40326 0.51266 -0.24054 0.40580 0.21959
VAR39 0.05436 -0.15802 -0.30891 0.15316 -0.01012
VAR45 0.62674 0.43098 0.06537 0.46480 0.65376
VAR46 -0.01318 0.59806 -0.18938 -0.24691 -0.24769
VAR51 0.71812 0.90436 0.21234 0.06160 0.29080
VAR52 0.42511 0.68185 -0.08142 0.38251 0.10135
VAR80 0.57995 0.88782 0.09519 0.18970 0.27024
VAR81 1.00000 0.50569 0.47875 0.40792 0.79159
VAR83 0.50569 1.00000 0.00806 0.08667 0.17401
VAR84 0.47875 0.00806 1.00000 0.49147 0.43124
VAR85 0.40792 0.08667 0.49747 1.00000 0.52844
VAR86 0.79159 0.17401 0.43124 0.52844 1.00000

SEE TH3LES 6 AND 2 faR REFERENce NlMlER AND VARIH3LE /WE. RESPECTIVELY.



Table 108. Summary' of results of st~pwlse multiple regression analysis of white shrimp total catch (area 18) with river
discharge variables for the ten year (1964-1973)data set.

DEPENDENr VARIABLE •• VAR2 TOT CAT 18 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 4) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR52 LAG ANNUAL ATCH DIS 0.85434 0.729-89 0.72989 0.85434 0.1825820 1.64781
VAR85 LAG OCT-DEC GUAD DIS 0.93270 0.86994 0.14005 -0.01898 -0.9254635£-02 -0.01612

N
VAR38 LAG ANNUAL GUAD DIS 0.97208 0.94494 0.07500 0.51816 -0.1211008 -1.16952

1.0 VAR46 JUL-SEP GUAD DIS 0.98072 0.96180 0.01686 0.16510 -0.1194883 -0.3879b.po
VAR19 JUL-SEP MISS DIS 0.98932 0.97876 0.01696 0.35972 0.5881188 0.52050
VAR84 LAG OCT-DEC TRIN DIS 0.99355 0.98715 0.00839 -u.13450 -0.4178993£-01 -0.42052
VAR17 ANNUAL TRIN DIS 0.99991 0.99982 0.01267 0.20291 0.3118456£-02 0.17880
VAR20 OCT-DEC MISS DIS 1.00000 1.00000 0.00018 0.53402 -0. 1887404E-01 -U.03707
VAR80 JAN-MAR MISS DIS 1.00000 1.00000 0.00000 0.57,57 0.1265394£-02 0.00292
(CONSTANT) -9.6'3040- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 109. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 19) with river
discharge variables for the ten year (1964-1973)data sel

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~5- - - - - - - - - - - - - - - - - - - - - -DEPENDENI VARIABLE•• VARl TOT CAT 19 (POUNDS, HEADS OFF) X 10

N~
U1

VARIABLE (UNITSGIVEN IN TABLE 4)
VAR38 LAG ANNUAL GUAD DIS
VAR81 JAN-MAR TRIN DIS
VAR84 LAG OCT-DEC TRIN DIS
VAR22 OCT-DEC GUAD DIS
VAR83 LAG OCT-DEC MISS DIS
VAR16 ANNUAL GUAD DIS
VAR19 JUL-SEP MISS DIS
VAR17 ANNUAL TRIN DIS
VAR45 APR-JUN TRIN DIS
(CONSTANT)

MULTIPLE R
0.76827
0.85750
0.94143
0.96358
0.99722
0.99947
0.99997
1.00000
1.00000

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.59024 0.59024
0.73530 0.14506
0.88629 0.15099
0.92849 0.04220
0.99446 0.06597
0.99893 0.00447
0.99994 0.00101
1.00000 0.00006
1.00000 0.00000

SIMPL~ R
0.7682/
0.6~834

-0.23236
0.29215
0.51566
0.42149
0.14459
0.6~592
0.58189

B
-0.8267667E-02
0.1072012

-0.113~135
-0.2288150
0.6319859

-0.3Y97255E-01
0.9b39565E-01
0.8425303E-03

-0.2800947E-03
10.59722

BETA
-0.05603

1.16925
-U.60433
-0.74914
0.82085

-0.34512
0.05986
0.03390

-0.00739

SEE TABLES 6 AND 2 FOR REFERENCENUMBER AND VARIABLENAME, RESPECTIVELY.



Table 110. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 19, 11.15
fathom depths) with river discharge variables for the ten year (1964-1973)data set.

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 4) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR23 JUL-SEP TRIN DIS 0.40719 0.16581 0.16581 0.40719 0.1274166E-01 0.48465

N VAR81 JAN-MAR TRIN DIS 0.74780 0.55921 0.39340 -0.35433 -0.1351878E-Ol -1.6l422\.0m VAR52 LAG ANNUAL ATCH DIS 0.82886 0.68700 0.12779 -0.34921 -0.1187854E-01 -U.B2862
VAR39 LAG ANNUAL TRIN DIS 0.86643 0.75070 0.06370 -0.01334 0.3779488E-02 1.29359
VAR86 JAN-MAR GUAD DIS 0.90342 0.81616 0.06546 -0.29112 -0.3989915E-01 -1.03510
VAR19 JUL-SEP MISS DIS 0.92920 0.86342 0.04725 -0.31029 -0.1146927 -0.78458
VAR16 ANNUAL GUAD DIS 0.97858 0.95762 0.09420 -0.08470 0.3403875E-01 3.21853
VAR46 JUL-SEP GUAD DIS 0.99892 0.99785 0.04023 0.34169 -0.4058029E-01 -1.01841
VAR15 ANNUAL MISS 01 S 1.00000 1.00000 0.00215 -0.11033 -0. 5173174E-02 -u.2/958
(CONSTANT) 4.745809- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 111. Summary 0.'results 0' stepwise multiple regression analysis 0' white shrimp intelView catch/effort (area 18)
with river discharge variables 'or the ten year (1964-1973)data set.

DEPENDENT VARIABLE •• CTEF18 CAT-EFF 18 (POUNDS. HEADS OFF/DAY)
SUMMARY TABLE

VARIABLE (UNITS GIVEN IN TABLE 4) MULTIPLE R R SQUARE RSQ CHANGE SIMPU:.R B BETA
N VAR52 LAG ANN~AL ATCH DIS 0.76921 0.59168 0.59168 0.76921 2.307120 1.37002
~ VAR18 APR-JUN MISS DIS 0.91976 0.84596 0.25429 0.70676 2.154769 0.52022.....•

VAR38 LAG ANNUAL GUAD DIS 0.94317 0.88957 0.04361 0.51096 -0.7736207 -0.49158
VAR20 OCT-DEC MISS DIS 0.96865 0.93829 0.04871 0.50094 -1.018285 -0.13158
VAR80 JAN-MAR MISS DIS 0.98118 0.96272 0.02444 0.60645 -3.232300 -0.49026
VAR86 JAN-MAR GUAD DIS 0.99076 0.98161 0.01889 0.26083 1.779337 0.39295
VAR24 OCT-DEC TRIN DIS 0.99965 0.99930 0.01769 0.52275 0.3276358 0.3U511
VAR51 ANNUAL ATCH DIS 1.00000 1.00000 0.00070 0.76512 -0.1612469 -0.14398
VAR45 APR-JUN TRIN DIS 1.00000 1.00000 0.00000 0.25853 -0.1154638E-02 -0.00286
(CONSTANT> -137.8612

SEE TABLES 6 AND 2 FOR REFERENCE NU~~ER AND VARIABLE NAME. RESPECTIVELY.



Table 112. Summary of results of stepwise multiple regression analysis of white shrimp Intesvlew catch/effort (area 19)
with river discharge variables for the ten year (1964-1973)data set

BETA
0.6tH 53
0.51208

-0.25219
0.34333

-0.10979
0.22503

-0.13149
-0.11567

B
1.H35528
1.518971

-2.815920
1.010855

-0.4706439
1.132375

-0.1291300
-0.9343800E-01
-172.9216

SIMPLE R
0.H5402
0.n887
0.14762
0.37845
0.66935
0.41034

-0.11277
0.70607

MULTIPLE R
0.85402
0.95018
0.97875
0.99203
0.99790
0.99866
0.99950
1.00000

CAT-EFF 19 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.72935 0.72935
0.90284 0.17350
0.95796 0.05511
0.98412 0.02616
0.99581 0.011Q9
0.99732 0.00151
0.99901 0.00169
1.00000 0.00099

CTEF19

(UNITS GIVEN IN TABLE 4)
APR-JUN MISS DIS
LAG ANNUAL MISS DIS
JUL-SEP MISS D1S
JAN-MAR GUAD DIS
JAN-MAR MISS DIS
OCT-DEC MISS DIS
LAG OCT-DEC TRIN D1S
ANNUAL GUAD DIS

DEPENDENT VARIABLE ••

VARIABLE
VAR18
VAR37
VAR19
VAR86
VAR80
VAR20
VAR84
VAR16
(CONSTANT>

N~
ex>

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 113. Summary of results of stepwise multiple regression analysis of white shrimp interview catch/effort (area 19,
11·15 fathom depths) with river discharge variables for the ten year (1964-1973)data set.

DEPENDENT VARIABLE•• CTEF193 CAT-EFF 19 DPTH 3 (POUNDS, HEADS OFF/DAY)

VARIABLE WNITS GIVEN IN TABLE 4)
VAR18 APR-JUN MISS DIS
VAR86 JAN-MAR GUAD DIS
VAR85 LAG OCT-DEC GUAD DIS
VAR52 LAG ANNUAL ATCH DIS
VAR80 JAN-MAR MISS DIS
VAR39 LAG ANNUAL TRIN DIS
VAR38 LAG ANNUAL GUAD DIS
VAR23 JUL-SEP TRIN DIS
VAR45 APR-JUN TRIN DIS
(CONSTANT)

MULTIPLE R
0.78105
0.82978
0.90179
0.93767
0.97533
0.98665
0.99888
0.99999
1.00000

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.61005 0.61005
0.68854 0.07850
0.81323 0.12469
0.87923 0.06599
0.95127 0.07204
0.97347 0.02220
0.99776 0.02428
0.99999 0.00223
1.00000 0.00001

SIMPLE R
0.78105

-0.10290
-0.04042
0.20041
0.51871

-0.22400
0.15636
0.64111
0.34410

B
1.077894

-1.047526
1.~62078

-0.2768809
1.732788

0.6055880E-Ol
-0.3~27129
0.1239724
0.8548506E-02
-57.95258

BETA
0.92942

-0.82622
0.76241

-0.58722
0.93866
0.62996

-0.80046
0.14336
0.07380

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 114. Correlation matrix showing the simple bivariate Pearson product moment correlation coefficients between
all possible pairs of variables In the ten year (1964-1973)data set used to relate white shrimp total catch and
Interview catch/effort variables to precipitation variables.

(UNITS GIVEN IN TABLE 41

VAAl VAA2 VAA68 CTEfl8 CTEfl9 CTEfl93 VAA25 VAA26 VAA27 VAA26 VAA42 VARn
VARI 1.00000 0.62975 -0.34055 0.60483 0.76076 0.09913 0.59040 0.77034 -0.16388 -0.13170 0.14411 -0.30119
VAA2 0.62975 1.00000 -0.60146 0.81875 0.56501 0.11663 0.09509 0.20816 0.19054 -0.10231 0.03470 -0.22319
VAR66 -0.34055 -0.60146 1.00000 -0.32114 -0.00981 0.47672 0.13955 -0.03045 0.26166 0.03190 -0.12352 0.01853
CTEfl8 0.80483 0.81875 -0.32114 1.00000 0.89045 0.36957 0.59002 0.59101 0.35903 -0.07709 -0.22724 -0.24099
CTEfl9 0.70076 0.56501 -0.00901 0.89045 1.00000 0.61687 0.73709 0.66182 0.32026 0.12958 -0.22040 -0.10892
C1Ef193 0.09913 0.11663 0.47672 0.36957 0.61687 1.00000 0.46029 0.20849 0.55709 0.23601 -0.29070 0.24664
VAA25 0.59040 0.09509 0.13955 0.59802 0.73709 0.46029 1.00000 0.82070 0.33953 0.00113 -0.44244 0.00378

w VAR26 0.77034 0.20616 -0.03045 0.59181 0.66182 0.20849 0.82070 1.00000 -0.10629 -0.32345 -0.05446 -0.03867
0 VAA21 -0.16388 0.19054 0.28166 0.35903 0.32026 0.55789 0.33953 -0.10629 1.00000 0.06900 -0.77895 -0.10536
0 VAR28 -0.13170 -0.10231 0.03190 -0.07709 0.12958 0.23601 0.00113 -0.32345 0.06900 1.00000 0.10626 0.53097

VAA42 0.14"11 0.03470 -0.12352 -0.22724 -0.22040 -0.29070 -0.44244 -0.05446 -0.17895 0.10626 1.00000 0.25301
VAA43 -0.30119 -0.22319 0.01853 -0.24099 -0.10892 0.24664 0.00378 -0.03867 -0.10536 0.53097 0.25307 1.00000
VAR44 0.03800 -0.30682 0.3581" -0.20567 0.00542 0.11589 0.18764 0.37512 -0.19518 -0.41695 -0.11491 -0.05833
VAA82 0.36026 -0.22527 0.08458 0.12294 0.15597 -0.05369 0.63497 0.65916 -0.04107 -0.55031 -0.32958 -0.36498

VAR44 VAA62
VAAl 0.03800 0.36026
VAR2 -0.30682 -0.22527
VAA66 0.35814 0.08456
CTEf16 -0.20567 0.12294
CTEfl9 0.00542 0.15597
CTEfl93 0.11589 -0.05369
VAA25 0.18764 0.63497
VAA26 0.37512 0.65916
VAA21 -0.19578 -0.04107
VAR28 -0.41695 -0.55031
VAA42 -0.11497 -0.32958
VARO -0.05833 -0.38498
VAR44 1.00000 0.42347
VAR82 0.42347 1.00000

SEE T1BLES Ii AND 2 fOR REfERENCE NUM3ER AND VARIABLE NAN:. RESPECTIVELY.



Table 115. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 18) with
precipitation variables for the ten year (1964·1973)data set.

DEPENDENT VARIABLE •• VAR2 TOT CAT 18 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 4) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR44 LAG OCT-DEC FRE PREC 0.30682 0.09414 0.09414 -0.30682 -0.3~58691 -0.35996
VAR26 APR-JUN FRE PREC 0.46449 0.21575 0.12161 0.20816 0.5624138 0.90930

w VAR82 JAN-MAR FRE PREC 0.60633 0.36763 0.15189 -0.22527 -1.158401 -1.02682C)~ VAR43 LAG JUL-SEP FRE PREC 0.77540 0.60124 0.23361 -0.22319 -0.5027471 -0.41199
VAR28 OCT-DEC FRE PREC 0.79902 0.63843 0.03719 -0.10231 -0.3132168 -0.29819
VAR42 LAG ANNUAL FRE PREC 0.81359 0.66192 0.02349 0.03470 -0.5013674E-01 -U.l0544
VAR27 JUL-SEP FRE PREC 0.81431 0.66310 0.00118 0.19054 0.7846318E-01 0.06958
(CONSTANT) 41.47tl7~

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 116. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 19) with
precipitation variables for the ten year (1964-1973)data set

BETA
1.1tl370

-0.59352
-0.29586
0.32571
0.17088

-0.14324
-u.0888.)

B
1.043387

-1.032186
-0.47,6721
0.4875659
0.1157998

-0.2245037
-0.5775862E-01

25.06951

SIMPLE R
0.77034

-0.30119
0.36026

-0.13170
0.14411
0.03800
0.59040

MULTIPLE R
0.77034
0.81682
0.89727
0.92611
0.94585
0.95266
0.95282

TOT CAT 19 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.59342 0.59342
0.66719 0.07377
0.80510 0.13791
0.85769 0.05259
0.894b3 0.03694
0.90755 0.01293
0.90787 0.00031

VARl

(UNITS GIVEN IN TABLE 4)
APR-JUN FRE PREC
LAG JUL-SEP FRE PREC
JAN-MAR FRE PREC
OCT-DEC FRE PREC
LAG ANNUAL FRE PREC
LAG OCT-DEC FRE PREC
ANNUAL FRE PREC

DEPENDENT VARIABLE ••

VARIABLE
VAR26
VAR43
VAR82
VAR28
VAR42
VAR44
VAR25
(CONSTANT>

w
o
N

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 117. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 19 11-15
fa1hom depths) with precipitation variables for the ten year (1964-1973)data set. •

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENr VARIABLE •• VAR68 TOT CAT 19 DPTH 3 (POUNDS, HEADS OFf) X 10-5

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 4) MULT1PLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR44 LAG OCT-DEC fRE PREC 0.35814 0.12827 0.12827 0.35814 0.1100584 0.77352

w VAR27 JUL-SEP FRE PREC 0.50690 0.25695 0.12868 0.28166 0.1771686 1.21437
a VAR42 LAG ANNUAL fRE PREC 0.62956 0.39635 0.13940 -0.12352 0.6595b51E-01 1.0/213w VAR28 OCT-DEC fRE PREC 0.65223 0.42540 0.02905 0.03189 0.5507037E-01 0.40524

VAR82 JAN-MAR fRE PREC 0.68370 0.46744 0.04204 0.08458 0.9j19081E-01 0.63849
VAR26 APR-JUN fRE PREC 0.75018 0.56277 0.09533 -0.03045 -0.3404715E-01 -u.42548
VAR43 LAG JUL-SEP FRE PREC 0.75187 0.56531 0.00254 0.01853 -0.1034719E-01 -0.06554
(CONSTANT) -7.569270

SEE TABLES 6 AND 2 fOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 118. Summary of results of stepwise multiple regression analysis of white shrimp Interview catch/effort (area 18)
with precipitation variables for the ten year (1964-1973)data set.

VARIABLE (UNITS GIVEN IN TABLE 4)
VAR25 ANNUAL FRE PREC
VAR82 JAN-MAR FRE PREC
VAR43 LAG JUL-SEP FRE PREC
VAR26 APR-JUN FRE PREC
VAR44 LAG OCT-DEC FRE PREC
VAR27 JUL-SEP FRE PREC
VAR42 LAG ANNUAL FRE PREC
(CONSTANT>

MULTIPLE R
0.59802
0.68419
0.83223
0.90115
0.93226
0.95227
0.95586

wo
.po

DEPENDENT VARIABLE•• ClEF18 CAT-EFF 18 (POUNDS. HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.35763 0.35763
0.46811 0.11048
0.69260 0.22449
0.81208 0.11947
0.86912 0.05704
0.90682 0.03770
0.91366 0.00684

SIMPLE R
0.59802
0.12294

-0.24099
0.59181

-0.20567
0.3~903

-0.22724

B
-0.1830360
-12.60434
-7.955797

11.53391
-5.911390
3.655747

-1.303L58
360.9803

BETA
-0.02640
-0.73513
-0.42897
1.22698

-0.35367
0.21331

-0.1tl034

SEE TABLES 6 AND 2 FOR REFERENCE NU~~ER AND VARIABLE NAME. RESPECTIVELY.



Table 119. S~mary of results of stepwise multiple regression analysis of white shrimp Interview catch/effort (area 19)
with precipitation variables for the ten year (1964-1973)data set.

DEPENDENT VARIABLE •• CTEF19 CAT-EFF 19 (POUNDS. HEADS OFF/DAY)

BETA
1.01993

-0.97135
-0.47~64

0.43101
-0.06572
0.02308

B
4.598358

-10.ti2917
-5.735877
2.634447

-U.7323877
0.250H407

33.95080

S IMPLt:R
0.73709
0.15597

-0.10892
0.661H2
0.32026
0.00542

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.54331 0.54331
0.70648 0.16317
0.83842 0.13194
0.91474 0.07632
0.91604 0.00130
0.91641 0.00037

MULTIPLE R
0.73709
0.84052
0.91565
0.95642
0.95710
0.95730

(UNITS GIVEN IN TABLE 4)
ANNUAL FRE PREC
JAN-MAR FRE PREC
LAG JUL-SEP FRE PREC
APR-JUN FRE PREC
JUL-SEP fRE PREC
LAG OCT-DEC FRE PREC

VARIABLE
VAR25
VAR82
VAR43
VAR26
VAR27
VAR44
(CONSTANT>

w
a
Ul

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME. RESPECTIVELY.



Table 120. Summary of results of stepwise multiple regression analysis of white shrimp interview catch/effort (area
19,11·15 fathom depths) with precipitation variables for the ten year (1964-1973)data set.

DEPENDENT VARIABLE •• CTEF193 CAT-EFF 19 DPTH 3 (POUNDS. HEADS OFF/DAY)

BETA
1.09838
0.0/928
0.17847
0.63566
0.43646
0.29013
0.13960

B
5.270835

0.4116968
0.46Y7333

1.286236
2.042605
1.296830

0.2710151
-197.6690

SIMPll:R
0.55789
0.24664
0.20849

-0.29070
0.11589
0.23601
0.46029

SUMMARY TABlE
R SQUARE RSQ CHANGE
0.31124 0.31124
0.40556 0.09433
0.48688 0.08132
0.53411 0.04723
0.60625 0.07214
0.66717 0.06093
0.66806 0.00089

MULTIPLE R
0.55789
0.63684
0.69777
0.73083
0.77862
0.81681
0.81735

(UNITS GIVEN IN TABLE 4)
JUl-SEP FRE PREC
lAG JUl-SEP FRE PREC
APR-JUN FRE PREC
lAG ANNUAL FRE PREC
lAG OCT-DEC FRE PREC
OCT-DEC FRE PREC
ANNUAL FRE PREC

VARIABLE
VAR27
VAR43
VAR26
VAR42
VAR44
VAR28
VAR25
(CONSTANT>

w
a
0'1

SEE TABLES 6 AND 2 FOR REFERENCE NU~~ER AND VARIABLE NAME. RESPECTIVELY.



Table 121. Correlation matrix showing the simple bivariate Pearson product moment correlation coefficients between
all possible pairs of variables in the ten year (1964-1973)data set used to relate white shrimp total catch and
InteNlew catch/effort variables to temperature variables.

(UNITS GIVEN IN TABLE 41
VARI VAR2 VAR66 CTEFI8 CTEFI9 CTEFI93 VAR29 VAfUO VAR40 VAR41

VAAl 1.00000 0.62975 -0.34055 0.80463 0.76076 0.09913 -0.50693 0.20480 -0.39519 0.28601
VAR2 0.62975 1.00000 -0.60146 0.81875 0.56501 0.11663 0.12387 0.47532 -0.23296 0.35114
VAA66 -0.34055 -0.60146 1.00000 -0.32114 -0.00981 0.47672 -0.16930 -0.56379 -0.36673 -0.16163
CTEFI6 0.80463 0.81675 -0.32114 1.00000 0.69045 0.36957 -0.34625 0.14447 -0.59227 0.08009

w CTEfl9 0.78076 0.56501 -0.00981 0.69045 1.00000 0.61687 -0.48604 0.09473 -0.62166 0.03579
0 CTEFI93 0.09913 0.11663 0.47672 0.36957 0.61667 1.00000 -0.05361 -0.06407 -0.42372 -0.30603
'-I VAA29 -0.50693 0.12387 -0.16930 -0.34625 -0.46604 -0.05361 1.00000 0.22218 0.63960 0.01664

VAR30 0.20480 0.47532 -0.56379 0.14447 0.09473 -0.06407 0.22216 1.00000 0.24125 0.33246
VAR40 -0.39519 -0.23296 -0.36673 -0.59227 -0.62186 -0.42372 0.63960 0.24125 1.00000 0.07379
VAR41 0.26601 0.35114 -0.16163 0.06009 0.03579 -0.30603 0.01664 0.33248 0.07379 1.00000

SEE TABLES 6 AND 2 FOR RefERENCE HlHlER AND VARIABLE HAlE, RESPECT IVELY.



Table 122. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 18) with
temperature variables for the ten year (1964-1973)data set.

BETA
0.50256

-0.77475
0.50520
0.15235

B
0.2107874
-l.191425
0.43tl9479
0.4244796

12.6jOOO

SIMPLE R
0.46411

-U.32949
0.12367
0.29832

MULTIPLE R
0.48411
0.66414
0.76546
0.77664

(UNiTS GIVEN IN TABLE 4)
JUL-SEP FRE DAYS GT 90 F
JAN NOS GAL MIN TEMP
APR-JUN FRE DAYS GT 90 F
FEB NOS GAL MIN TEMP

~E~E~D;N~ ~~I~B~E~.- - ~A~2- - - -T~T-C~T-1~ - (P~UNDS, -HEADSOFF) X 10'=5- - - - - - - - - - - - - - - - - - - - - -

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.23436 0.23436
0.44106 0.20672
0.56592 0.14464
0.60659 0.02067

VARIABLE
VAR30
VAR40
VAR29
VAR41
(CONSTANT)

woco
SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.

Table 123. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 19) with
temperature variables for the ten year (1964-1973)data set.

BETA
-0.44621

0.27Y93
0.20877

-0.19436

B
-0.5956043

0.1195440
0.8695204

-0.640lj051
18.76961

SIMPLE R
-0.50693

0.20311
0.28596

-0.40886

MULTIPLE R
0.50693
0.60153
0.63346
0.65060

(UNITS GIVEN IN TABLE 4)
APR-JUN FRE DAYS GT 90 F
JUL-SEP FRE DAYS GT 90 F
FEB NOS GAL MIN TEMP
JAN NOS GAL MIN TEMP

~E~E~D;N~ ~~I~B~E~.- - ~A~1- - - -T~T-C~T-1~ - ;~U;D~, ~;~S -OiF) X 10-=5- - - - - - - - - - - - - - - - - - - - - -

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.25696 0.25696
0.36164 0.10467
0.40128 0.03943
0.42328 ·0.02200

VARIABLE
VAR29
VAR30
VAR41
VAR40
(CONSTANT>
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



Table 124. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 19, 11·15
fathom depths) with temperature variables for the ten year (1964-1973)data sel

(UNITS GIVEN IN TABLE 4)
JUL-SEP FRE DAYS GT 90 F
JAN NOS GAL MIN TEMP
FEB NOS GAL MIN TEMP
APR-JUN FRE DAYS GT 90 F

BETA
-0.69785
-0.25022

0.17718
0.12285

B
-0.3155597E-01
-0. 7630446E-01

0.5322254E-01
0.1150740E-01

3.099387

SIMPLE R
-0.67107
-0.32810
-0.05661
-0.18930

MULTIPLE R
0.67107
0.69396
0.71296
0.71911

TOT CAT 19 DPTH 3 (POUNDS, HEADS OFf) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.45034 0.45034
0.48158 0.03124
0.50831 0.02673
0.51712 0.00882

VAR68DEPENDENT VARIABLE ••

VARIABLE
VAR30
VAR40
VAR41
VAR29
(CONSTANT)

SEE TABLES 6 AND 2 fOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.

Table 125. Summary of results of stepwise multiple regression analysis of white shrimp Interview catch/effort (area 18)
with temperature variables for the ten year (1964·1973)data set.

(UNITS GIVEN IN TABLE 4)
JAN NOS GAL MIN TEMP
JUL-SEP FRE DAYS GT 90 F
FEB NOS GAL MIN TEMP

MULTIPLE R
0.59227
0.66216
0.66282

DEPENDENT VARIABLE ••

VARIABLE
VAR40
VAR30
VAR41
(CONSTANT)

CTEF18 CAT-EFF 18 (POUNDS, HEADS OfF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.35079 0.35079
0.43846 0.08768
0.43933 0.00087

SIMPLE R
-0.59227

0.14447
0.08009

B
-30.17434

2.011719
1.3tl5096
259.8634

BETA
-0.66567

0.29468
0.03123

SEE TABLES 6 AND 2 FOR REFERENCE NlJl-1BERAND VAR IABLE NAME, RESPECTI VEL Y •



Table 126. Summary of results of stepwise multiple regression analysis of white shrimp Interview catch/effort (area 19)
with temperature variables for the ten year (1964.197~)data set.

(UNITS GIVEN IN TABLE 4)
JAN NOS GAL MIN TEMP
JUL-SEP FRE DAYS GT 90 F
APR-JUN FRE DAYS GT 90 F

MULTIPLE R
0.62186
0.67106
0.68518

DEPENDENT VARIABLE ••

VARIABLE
VAR40
VAR30
VAR29
(CONSTANT)

CTEF19 CAT-EFF 19 (POUNDS, HEADS OFF/DAY)
SUMMARY TABL E

R SQUARE RSQ CHANGE
0.38671 0.38671
0.45032 0.06361
0.46947 0.01915

SIMPLE R
-0.62186

0.09473
-0.48604

B
-16.tl6162

1.211431
-1.571136

179.5592

BETA
-0.57208

0.27291
-O.1U077

w SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.
t-'
C>

Table 127. Summary of results of stepwise multiple regression analysis of white Shrimp Interview catch/effort (area
19,11-15 fathom depths) with temperature variables for the ten year (1964·1973)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

(UNITS GIVEN IN TABLE 4)
JAN NOS GAL MIN TEMP
APR-JUN FRE DAYS GT 90 F
FEB NOS GAL MIN TEMP
JUL-SEP FRE DAYS GT 90 f

BETA
-0.64635

0.33877
-0.30298

0.11733

B
-8.203464

1.267849
-j.762146
0.2242702

100.302b

SIMPLE R
-0.42372
-0.05361
-0.30603
-0.06407

MULTIPLE R
0.42372
0.50944
0.57399
0.58388

CAT-EFF 19 DPTH 3 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.17954 0.17954
0.25953 0.07999
0.32946 0.06993
0.34091 0.01145

CTEF193

VARIABLE
VAR40
VAR29
VAR41
VAR30
(CONSTANT)

DEPENDENT VARIABLE ••

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 128. Correlation matrix showing the simple bivariate Pearson product moment correlation coefficients between
all possible pairs of variables In the ten year (1964·1973)data set used to relate white shrimp total catch and
Interview catch/effort variables to wind, tide and Ekman transport variables.

(UNITS GIVEN IN TABLE 4)

VARI VAH2 VAR68 CTEfl8 CTEfl9 CTEfl93 VA'HI VAH32 VAR33 VAR34 VAR35 VAR36VARI 1.00000 0.62915 -0.34055 0.80483 0.78076 0.09913 -0.35859 0.58009 0.2j214 0.17847 -0.53216 0.48895
VAR2 0.62975 1.00000 -0.60146 0.81875 0.56501 0.11663 -0.84287 0.67838 0.54994 0.66394 -0.17098 0.01905VAR68 -0.34055 -0.60146 1.00000 -0.32114 -0.00981 0.47672 0.51396 -0.5112b -0.25226 0.09216 -0.15695 -0.13674CTEf18 0.80463 0.81815 -0.32114 1.00000 0.89045 0.36957 -0.48468 0.60602 0.49962 0.52334 -0.24099 0.33858CTEfl9 0.78076 0.56501 -0.00981 0.89045 1.00000 0.61681 -0.14331 0.4.H90 0.38802 0.42825 -0.25685 0.22043CTEfl93 0.09913 0.11663 0.47672 0.36957 0.61687 1.00000 0.15567 -0.12221 0.49301 0.45208 0.08862 -0.26941VAR31 -0.35859 -0.84281 0.51396 -0.48468 -0.14331 0.15567 1.00000 -0.51575 -0.49646 -0.63655 0.32532 -0.10469VAR32 0.58089 0.67838 -0.51126 0.60602 0.43190 -0.12221 -0.51515 1.00000 0.05090 0.01009 0.05769 -0.09686VAR33 0.23214 0.54994 -0.25226 0.49962 0.38802 0.49301 -0.49646 0.05090 1.00000 0.59887 -0.14586 0.13238VAR34 0.17847 0.66394 0.09216 0.52334 0.42825 0.45208 -0.63655 0.07009 0.59887 1.00000 -0.38620 -0.02b64VAR35 -0.53276 -0.17098 -0.15695 -0.24099 -0.25685 0.08862 0.32532 0.05169 -0.14586 -0.38620 1.00000 -0.63348VAR36 0.48895 0.07905 -0.13614 0.33858 0.22043 -0.26941 -0.10469 -0.09686 0.13238 -0.02664 -0.63348 1.00000w VAR62 -0.05112 -0.24061 0.21486 -0.24692 -0.18984 -0.39626 0.08294 -0.32549 -0.54001 0.02322 -0.40968 0.309'5•.....
VAR63 0.12611 -0.15906 0.44838 -0.13520 0.13580 0.23831 0.13114 -0.36515 -0.221121 0.14938 -0.42819 -0.01941

•.....
VAR64 -0.44520 -0.55324 0.49820 -0.62533 -0.54914 -0.24992 0.11634 -0.48819 -0.31111 -0.14901 -0.30029 0.10136VAR65 -0.32950 -0.37170 0.31234 -0.47662 -0.31232 0.07845 0.02551 -0.15596 0.06624 -0.20416 -0.06673 -0.23046VAR66 -0.44363 -0.82686 0.31992 -0.12601 ••0.48137 -0.20999 0.18214 -0.24232 -0.74198 -0.81879 0.36118 -0.35363VAR61 -0.13991 -0.37989 0.48323 -0.42153 -0.18369 0.30285 0.24607 -0.22855 -0.10817 -0.32554 -0.05241 -0.40129VAR81 -0.51424 -0.89160 0.43085 -0.61170 -0.36401 -0.03~61 0.69180 -0.70176 -0.41643 -0.59686 0.25178 0.092115VAR88 0.55793 0.21265 -0.18950 0.18143 0.15205 -0.20418 -0.38937 0.58333 0.04943 -0.11052 -0.48292 0.1(1904VAR89 -0.11603 -0.00692 -0.26526 -0.14001 -0.22520 -0.21090 0.06415 0.41185 -0.40984 -0.57921 0.61998 -0.48587VAR90 0.26965 0.56119 -0.21128 0.61264 0.56345 0.22133 -0.30657 0.25198 0.35786 0.72216 -0.04191 0.18916VAR91 -0.31821 -0.43421 0.61240 -0.19158 0.06087 0.48104 0.35161 -0.43368 0.10366 0.08485 -0.04161 -0.01603VAR92 -0.25099 0.17760 -0.54321 0.02915 -0.13699 -0.29464 0.00890 0.23710 -0.16840 -0.10/39 0.68533 -0.29474VAR93 -0.08891 -0.16663 -0.05153 -0.13766 -0.34322 -0.46552 -0.09119 -0.43655 0.Ob442 0.01538 -0.44901 0.13954VAR94 0.80841 0.17124 0.01527 0.60809 0.77779 0.34842 0.20944 0.22194 0.11606 -0.10142 -0.35484 0.48022VAR95 0.05985 0.14254 -0.25532 0.06901 -0.16196 -0.49125 -0.40444 0.01~47 0.04843 0.07837 -0.33416 0.59917VAR96 -0.21191 -0.01340 -0.58452 -0.32470 -0.57065 -0.81216 -0.12513 0.12317 -0.26648 -0.55512 0.26941 0.1\318VAR97 0.21790 0.20638 -0.12052 0.38011 0.37457 0.51914 -0.05945 -0.18404 0.871\ 2 0.262/5 -0.14740 0.32212VAR98 0.00152 0.52120 -0.53725 0.16062 -0.06878 -0.03886 -0.64029 0.04929 0.69j75 0.58441 -0.21285 -0.02366VAR99 0.56888 0.55279 -0.18924 0.63939 0.62062 0.22323 -0.39233 0.12615 0.37581 0.35018 -0.30150 0.05430VARIOO -0.07501 0.34051 0.39922 0.25349 0.22845 0.45176 -0.34758 -0.30182 0.29~02 0.83034 -0.23898 -0.05238VARIOI 0.03052 0.39076 -0.22184 0.31842 0.37517 0.63668 -0.05103 0.53970 0.483~5 0.16952 0.60819 -0.65926



Table 128 continued

VAR62 VAR63 VAR64 VAR65 VAR66 VAR67 VAR87 VAR88 VAR89 VAR90 VAR91 VAR92
VARI -0.05772 0.12611 -0.44520 -0.32950 -0.44363 -0.13991 -0.51424 0.55793 -0.11603 0.26965 -0.31821 -0.25099
VAR2 -0.24067 -0.15906 -0.55324 -0.37170 -0.82686 -0.37989 -0.89160 0.2726, -0.00692 0.56\19 -0.43421 0.17760
VAR68 0.21466 0.44838 0.49820 0.37234 0.37992 0.4632.s 0.43085 -0.18950 -0.26526 -0.21128 0.67240 -0.54321
ClEf 16 -0.24692 -0.13520 -0.62533 -0.47662 -0.72607 -0.42753 -0.6\170 0.16143 -0.14007 0.67264 -0.19156 0.02915
CTff19 -0.16984 0.13560 -0.54914 -0.37232 -0.46737 -0.16369 -0.36401 0.15205 -0.22520 0.56345 0.06067 -0.13699
CTEfl93 -0.39626 0.23831 -0.24992 0.07845 -0.20999 0.30265 -0.03561 -0.20416 -0.21090 0.22133 0.46104 -0.29464
VAR31 0.06294 0.13714 0.11634 0.02557 0.78214 0.24807 0.89180 -0.38937 0.06475 -0.30657 0.35161 0.00890VAR32 -0.32549 -0.36515 -0.48819 -0.15596 -0.24232 -0.22855 -0.70776 0.58333 0.47185 0.25798 -0.43368 0.23710VAR33 -0.54007 -0.22621 -0.)1 \11 0.06624 -0.74196 -0.10677 -0.4184.s 0.04943 -0.40Y64 0.35-/86 0.10366 -0.16840VAR34 0.02322 0.14936 -0.14901 -0.20476 -0.87879 -0.32554 -0.59686 -0.11052 -0.57921 0.72216 0.08485 -0.10139VAH35 -0.40968 -0.42819 -0.30029 -0.06673 0.36178 -0.05241 0.25778 -0.48292 0.67998 -0.04791 -0.04167 0.68533w VAA36 0.30915 -0.01947 0.10136 -0.23046 -0.35363 -0.40729 0.09285 0.10Y04 -0.48587 0.18916 -0.01603 -0.29474•..... VAR62 1.00000 0.62728 0.59976 -0.09363 0.04026 -0.19375 0.26517 -0. 1749.s -0.32b84 0.04794 0.21564 -0.03916N
VAR63 0.62726 1.00000 0.47193 0.19994 0.05489 0.45827 0.14246 0.03692 -0.27958 -0.24061 0.37419 -0.48473
VAR64 0.59976 0.47193 1.00000 0.69443 0.26220 0.33956 0.38861 0.06549 -0.18884 -0.46417 0.59946 -0.46863
VAR65 -0.09363 0.19994 0.69443 1.00000 0.26644 0.67659 0.13177 0.42310 0.10558 -0.66637 0.56789 -0.56490
VAR66 0.04026 0.05489 0.26220 0.28844 1.00000 0.49040 0.64082 0.00343 0.45219 -0.67104 0.07612 -0.01275
VAR67 -0.19375 0.45827 0.33956 0.67859 0.49040 1.00000 0.09464 0.37581 0.22678 -0.81574 0.21422 -0.66168
VAR67 0.28517 0.14248 0.38861 0.13177 0.64082 0.09464 1.00000 -0.50396 -0.08361 -0.30401 0.46784 0.02.s64
VAR88 -0.17493 0.03892 0.06549 0.42310 0.00343 0.37581 -0.50396 1.00000 0.15515 -0.36532 -0.20780 -0.50696
VAR69 -0.32664 -0.27956 -0.18864 0.10558 0.45219 0.22b78 -0.08361 0.15515 1.00000 -0.41722 -0.33373 0.35273
VAR90 0.04794 -0.24061 -0.48417 -0.66637 -0.67104 -0.81574 -0.30401 -0.36532 -0.417:l2 1.00000 -0.03989 0.46214VAH91 0.21584 0.37419 0.59946 0.56789 0.07612 0.21422 0.48764 -0.20780 -0.33373 -0.03989 1.00000 -0.38058
VAR92 -0.03916 -0.48473 -0.46863 -0.58490 -0.01275 -0.66168 0.02364 -0.50698 0.35213 0.46214 -0.36058 1.00000VAR93 0.26461 -0.20666 0.25614 -0.IH79 -0.19979 -0.36404 0.18761 -0.17304 -0.50679 0.06204 -0.13256 -0.14003
VAR94 -0.15484 0.14665 -0.43527 -0.29923 -0.07903 0.03425 -0.01348 0.29167 -0.14456 0.12033 -0.06251 -0.33952
VAR95 0.53466 0.01378 0.50448 0.12636 -0.41406 -0.46379 -0.01164 0.0495.s -0.23110 0.169211 0.21584 0.00000
VAR96 0.27326 -0.35994 0.22236 0.01199 0.09104 -0.47363 0.15947 -0.03993 0.2/51' -0.000 -0.18230 0.5601 I
VAR97 -0.58923 -0.26224 -0.34707 0.00296 -0.46199 -0.05498 -0.02705 -0.04337 -0.47065 0.23327 0.14488 -0.32490VI\I~98 -0.35718 -0.37088 -0.28559 -0.11258 -0.63210 -0.28515 -0.53690 0.08993 -0.40665 0.3038 -0.36037 0.10372VAR99 -0.30139 -0.22374 -0.29589 0.06703 -0.39759 -0.24307 -0.52815 0.61487 -0.14023 0.46139 0.065b3 -0.14447
VI\IHOO 0.30349 0.42311 0.07096 -0.23920 -0.64242 -0.16977 -0.26633 -0.47832 -0.48802 0.52067 0.20005 -0.09~2~
VI\IHOI -0.81003 -0.27821 -0.64999 -0.0\127 -0.09164 0.28421 -0.33287 -0.02.s40 0.34328 0.13436 -0.09312 0.29796



Table 128 continued

VAR93 VAR94 VAR95 VAR96 VAR97 VAR98 VAR99 VARIOO VARIOIVAfU -0.08897 0.80841 0.05985 -0.2779\ 0.21790 0.00152 0.56888 -0.07501 0.03052VAR2 -0.16663 0.17124 0.\4254 -0.07340 0.20638 0.52120 0.55279 0.3405\ 0.39076VAR68 -0.05153 0.0\527 -0.25532 -0.58452 -0.12052 -0.53725 -0.18924 0.39922 -0.22784CTEF18 -0.13766 0.60809 0.06907 -0.32470 0.36077 0.16062 0.63939 0.25.H9 0.3\642CTEF19 -0.34322 0.77779 -0.16796 -0.57065 0.37457 -0.06676 0.62062 0.22845 0.37577CTEF193 -0.46552 0.34642 -0.49125 -0.81276 0.5\914 -0.03686 0.22323 0.45176 0.63668VAR31 -0.09119 0.20944 -0.40444 -0.12573 -0.05945 -0.64029 -0.39233 -0.34756 -0.05\03VAR32 -0.43655 0.22794 0.01541 0.12317 -0.18404 0.04929 0.12615 -0.30182 0.5391uVAR33 0.06442 0.11606 0.04843 -0.26646 0.87112 0.69375 0.37561 0.29502 0.46355VAR34 0.01536 -0.10142 0.01837 -0.55512 0.26275 0.58447 0.35018 0.63034 0.16952VAR35 -0.44901 -0.35484 -0.33416 0.26941 -0.14140 -0.21265 -0.30150 -0.23898 0.60879VAR36 0.73954 0.46022 0.59977 0.11316 0.32212 -0.02366 0.05430 -0.05236 -0.65926w VAR62 0.28481 -0.15464 0.53466 0.27326 -0.58923 -0.35718 -0.30139 0.30349 -0.81003I-" VAR63 -0.20886 0.\4685 0.01318 -0.35994 -0.28224 -0.37088 -0.22374 0.42311 -0.27821w
VAR64 0.25614 -0.43527 0.50448 0.22236 -0.34701 -0.28559 -0.29589 0.01096 -0.64999VAR65 -0.17379 -0.29923 0.12636 0.01199 0.00296 -0.11258 0.06703 -0.23920 -0.01121VAR66 -0.19979 -0.07903 -0.41406 0.09104 -0.48199 -0.63210 -0.39759 -0.64242 -0.09\64VAR67 -0.36404 0.03425 -0.48319 -0.41383 -0.05498 -0.28515 -0.24301 -0.16977 0.2642\VAR81 0.18761 -0.01348 -0.01164 0.\5947 -0.02105 -0.53690 -0.528\5 -0.26633 -0.33281VAR88 -0.17304 0.29161 0.04953 -0.03993 -0.04331 0.08993 0.61487 -0.47832 -0.02340VAR89 -0.50619 -0.14456 -0.23110 0.21575 -0.47065 -0.40865 -0.14023 -0.48802 0.34328VAR90 0.06204 0.12033 0.16928 -0.04343 0.23327 0.34338 0.46139 0.52067 0.13436VAR91 -0.13258 -0.06251 0.2\584 -0.\6230 0.14488 -0.36031 0.06563 0.20005 -0.09312VAR92 -0.\4003 -0.33952 0.00000 0.56011 -0.32490 0.10312 -0.14447 -0.09525 0.29796VAR93 1.00000 -0.08980 0.49614 0.25000 0.22317 0.29276 -0.33121 0.083~1 -0.14428VAR94 -0.08980 1.00000 -0.22277 -0.4939\ 0.39048 -0.29576 0.36332 -0.20454 0.08581VAR95 0.49614 -0.22277 1.00000 0.62017 -0.14103 -0.01543 0.04310 0.01879 -0.85588VAR96 0.25000 -0.49391 0.62017 1.00000 -0.47304 0.0~182 -0.20039 -0.58056 -0.41586VAR97 0.22317 0.39048 -0.14103 -0.47304 1.00000 0.47667 0.22415 0.03956 0.39022VAR96 0.29216 -0.29576 -0.01543 0.02182 0.47661 1.00000 0.21646 0.24816 0.24152VAR99 -0.33121 0.36332 0.04310 -0.20039 0.22475 0.21646 1.00000 -0.15761 0.55522VARIOO 0.06j5\ -0.20454 0.01879 -0.56056 0.03956 0.24816 -0.15781 1.00000 -0.02565VA/Hill -0.74426 0.08587 -0.8;588 -0.47586 0.39022 0.24152 0.55522 -0.02565 1.00000

SEE TABLES 6 AND 2 fOR RefERENCE NUMBER AND VARIABLE HAlE. RESPECTIVELY.



Table 129. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 18) with wind,
tide and Ekman transport variables for the ten year (1964-1973)data set.

DEPENDENT VARIABLE •• VAR2 TOT CAT 18 (POUNDS, HEADS OFF) X 10-5

SUMt.fARYTABLE
VARIABLE (UNITS GIVEN IN TABLE 4) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA

w VAR81 JUNE GAL FASTEST WIND 0.94392 0.89098 0.89098 -0.94392 -0.7820135 -0.84788
•....... VAR94 AUG GAL FAST WIND DIR 0.98355 0.96737 0.07639 0.20278 0.1711861E-Ol 0.ltl516.j::.

VAR90 SEP GAL FASTEST WIND 0.99808 0.99617 0.02880 0.41911 0.2046149 0.31912
VAR93 JUl GAL FAST WIND DIR 0.99919 0.99838 0.00221 -0.06750 -0.8296223E-02 -0.07883
VAR88 JUL GAL fASTEST WIND 0.99992 0.99983 0.00145 O.27YOl 0.1135828 0.14311
VAR33 APR-JUN fRE MEAN HI TIDE 1.00000 0.99999 0.00016 0.61732 -0.6315398 -u.O/058
VAR99 AUG fRE H I TIDE 1.00000 1.00000 0.00001 0.51560 0.9131473 0.05130
(CONSTANT> 30.97392

SEE TABLES 6 AND 2 fOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 130. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 19) with wind,
tide and Ekman transport variables for the ten year (1964-1973)data set.

DEPENDENT VARIABLE •• VAAl TOT CAT 19 (POUNDS, HEADS OFF) X 10-5

SUMMAAY TABLE
VARIABLE (UNITS GIVEN IN TABLE 4) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA

w VAR94 AUG GAL FAST WIND DIR 0.84219 0.70928 0.70928 0.84219 0.ltl04457 1.33511
I-' VAR31 APR-JUN GAL MEAN FASTEST WIND 0.97661 0.95377 0.24449 -0.27798 -0.7196421 -U.36777U1

VAR97 JUN FRE HI TIDE 0.98985 0.97981 0.02603 0.3Y802 -8.054964 -U.51070
VAR98 JUL FRE HI TIDE 0.99534 0.99071 0.01090 0.04248 7.7479j8 0.40445
VAR65 JUL EKMAN MERlO. IND 0.99979 0.99958 0.00888 -0.39060 0.6438605E-Ol 0.16012
VAR89 AUG GAL FASTEST WIND 1.00000 1.00000 0.00041 -0.18788 -0.5068244E-01 -0.05140
VAR32 JUL-SEP GAL MEAN FASTEST WINO 1.00000 1.00000 0.00000 0.42302 0.9971916E-Ol 0.02914
(CONSTANT) 26.Y5876

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VAAI~LE NAME, RESPECTIVELY.



Table 131. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 19,11·15
fathom depths) with wind, tide, and Ekman transport variables for the ten year (1964·1973)data set.

BETA
0.45382

-0.78474
-0.20103
-0.62142
0.17887
0.02573
0.02460

B
O.38417~1E-01

-0.7128519E-Ol
-0.2482446
-O.6214728E-02
0.1380938E-Ol
0.3737369E-03
O.4092588E-03
3.963434

SIMPU: R
0.884/9

-0.54800
-0.16292
-0.25841
-0.22509
0.55738
0.04144

MULTIPLE R
0.88479
0.94506
0.97219
0.99148
0.99996
1.00000
1.00000

(UNITS GIVEN IN TABLE 4)
OCT GAL FASTEST WIND
JUL GAL FASTEST WIND
JUN FRE HI TIDE
JUN GAL FAST WIND DIR
AUG GAL FASTEST WIND
JUL EKMAN ZONAL IND
APR-JUN GAL MEAN FAST WIND DIR

~E;E~D~N~ ~A~I~B~E~.- - ~A~6~ - - -T~T-C~T-l~ ~P~H-3- (~~N~S~ ~E~~ OFF)-X-l0-5 - - - - - - - - - - - - - - - - - - -

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.78285 0.78285
0.89315 0.11030
0.94515 0.05200
0.98303 0.03789
0.99991 0.01688
1.00000 0.00008
1.00000 0.00000

VARIABLE
VAR91
VAR88
VAR97
VAR92
VAR89
VAR64
VAR35
(CONSTANT)

w•.....
en

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 132. Summary of results of stepwise multiple regression analysis of white shrimp interview catch/effort (area 18)
with wind, tide and Ekman transport variables for the ten year (1964-1973)data set.

(UNITS GIVEN IN TABLE 4)
AUG EKMAN ZONAL IND
AUG GAL FAST WIND DIR
JUL-SEP GAL MEAN FASTEST WIND
JUL GAL FASTEST WIND
JUN GAL FAST WIND OIR
OCT GAL FAST WIND OIR
AUG EKMAN MERlO. INO
APR-JUN FRE MEAN HI TIDE
JUL EKMAN MERlO. IND

MULTIPLE R
0.72607
0.91234
0.97082
0.99248
0.99894
0.99956
0.99991
0.99999
1.00000

DEPENDENT VARIABLE ••

VARIABLE
VAR66
VAR94
VAR32
VAR88
VAR92
VAR96
VAR67
VAR33
VAR65
(CONSTANT>

CTEF18 CAT-EFF 18 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.52718 0.52718
0.83236 0.30518
0.94249- 0.11013
0.98502 0.04253
0.99787 0.01285
0.99913 0.00125
0.99982 0.00069
0.99998 0.00016
1.00000 0.00002

SIMPLE R
-0.72607
0.60809
0.60602
O.ttJ143
0.02915

-0.32470
-0.42753
0.49962

-0.47662

B
-0.9471919
0.6737637

15.93006
-4.067740

-0.2008727
-0.4499317
-0.3:l00833

2.054399
0.7531189E-01
-152.3832

BETA
-0.48073
0.43335
0.6::>571

-0.39224
-0.16571
-0.10395
-0.0/776
0.01351
0.01613

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 133. Summary of results of stepwise multiple regression analysis of white shrimp Interview catch/effort (area 19)
with wind, tide, and Ekman transport variables for the ten year (1964-1973)data set.

BETA
-0.61840
0.26124
0.616,7

-0.39643
0.17333

-0.08617
-0.02375

B
-2.333369
0.2682791
9.937040

-3.018558
2.527120

-8.673799
-0.4628076E-01

-79.09820

SIMPLE R
-0.79986
0.7Y809
0.43352

-0.23252
-0.13840
0.3tj821
0.21735

MULTIPLE R
0.79986
0.91943
0.96570
0.98840
0.99845
0.99995
1.00000

CAT-EFF 19 (POUNDS. HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.63978 0.63978
0.84535 0.20557
0.93257 0.08723
0.97693 0.04436
0.99690 0.01997
0.99990 0.00300
1.00000 0.00010

CTEF19

(UNITS GIVEN IN TABLE 4)
OCT GAL FAST WIND DIR
AUG GAL FAST WIND DIR
JUL-SEP GAL MEAN FASTEST WIND
AUG GAL FASTEST WIND
APR-JUN GAL MEAN FASTEST WIND
APR-JUN FRE MEAN HI TIDE
JUL-SEP GAL MEAN FAST WIND DIR

DEPENDENT VARIABLE ••

VARIABLE
VAR96

w VAR94
0; VAR32

VAR89
VAR31
VAR33
VAR36
(CONSTANT)

SEE TABLES 6 AND 2 fOR REFERENCE NUMBER AND VARIABLE NAME. RESPECTIVELY.



Table 134. Summary of results of stepwise multiple regression analysis of white shrimp Interview catch/effort (area 19
11·15 fathom depths) with wind, tide, and Ekman transport variables for the ten year (1964.1973) data set'

BETA
-0.62037
0.41348
0.40040

-0.09459
0.01718

-0.00902
0.00054

B
-0.9807229

1.442411
22.16801

-0.1586802
0.5464873E-Ol

-0.2037303
0.3699918E-03
-106.8704

SIMPU:.R
-0.90550
0.50047
0.63668
0.17683

-0.17593
0.43715
0.15630

MULTIPLE R
0.90550
0.94639
0.99727
0.99990
0.99998
1.00000
1.00000

CAT-EFF 19 DPTH 3 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.81993 0.81993
0.89565 0.07572
0.99455 0.09890
0.99979 0.00525
0.99996 0.00017
1.00000 0.00004
1.00000 0.00000

CTEF193

(UNITS GIVEN IN TABLE 4)
OCT GAL FAST WIND OIR
OCT GAL FASTEST WIND
OCT FRE HI TIDE
AUG EKMAN MERlO. INO
AUG GAL FASTEST WIND
SEP FRE HI TIDE
APR-JUN GAL MEAN FAST WIND OIR

DEPENDENT VARIABLE••

VARIABLE
VAR96
VAR91
VAR101
VAR67
VAR89
VAR100
VAR35
(CONSTANT)

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 135. Correlation matrix showing the simple bivariate Pearson product moment correlation coefficients between
all possible pairs of variables In the ten year (1964-1973)data set used to relate white shrimp total catch and
Interview catch/effort variables to salinity variables.

(uNITS GIVEN IN TABLE 41
VARI VAR2 VAR68 ClEf 18 CTEfl9 CTEfI9} VAR56 VAR57 VAR56 VAR59 VAR60 VAR61

VARI 1.00000 0.62975 -0.}4055 0.8048l 0.78076 0.09913 -0.61917 -0.45196 -0.45158 -0.42526 -0.56970 -0.41667
VAR2 0.62975 1.00000 -0.60146 0.81875 0.56501 0.1166l -0.07584 -0.02264 0.06112 0.2449l -0.16l90 0.19nl
VAR68 -0.34055 -0.60146 1.00000 -0.32114 -0.00981 0.47672 -0.17810 -0.17164 -O.I:B47 -0.08252 0.00776 -0.23559
CTEfl6 0.8048l 0.81875 -o.}2114 1.00000 0.89045 0.l6957 -0.44490 -0.44628 -0.l9499 -0.170l0 -0.52656 -0.26909
CIEfl9 0.78076 0.56501 -0.00981 0.89045 1.00000 0.61687 -0.70455 -0.65876 -0.54749 -0.2l688 -0.55612 -0.43In
CTEf193 0.099\l 0.11663 0.47672 0.36957 0.61687 1.00000 -0.56367 -0.61047 -0.43567 0.09393 -0.31359 -0.20017
VAR56 -0.61917 -0.07584 -0.11810 -0.44490 -0.10455 -0.58367 1.00000 0.91811 0.65640 0.57116 0.74612 0.12004
VAR57 -0.45196 -0.02264 -0.17164 -0.44626 -0.65616 -0.61047 0.91811 1.00000 0.92169 0.57141 0.60219 0.73050
VAR56 -0.45158 0.06112 -0.13347 -0.39499 -0.54749 -0.43561 0.65640 0.92169 1.00000 0.61091 0.69995 0.69432

w VAR59 -0.42526 0.24493 -0.06252 -0.17030 -0.23666 0.0939l 0.57116 0.57741 0.81091 1.00000 0.76256 0.920l1
N VAR60 -0.56910 -0.16390 0.00776 -0.52658 -0.55612 -0.31359 0.14612 0.60219 0.69995 0.16256 1.00000 0.7769lC)

VAR61 -0.41667 0.197l3 -0.23559 -0.26909 -0.431n -0.20017 0.72004 0.n050 0.69432 0.92037 0.77693 1.00000

SEE TABLES 6 AND 2 fOR REfERENCE NlIlBER AND VARIABLE NAIE. RESPECTIVElY.



Table 136. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 18)with salinl.
ty variables for the ten year (1964-1973)data set

BETA
0.88345

-0.91254
0.10043

B
1.470832

-1.219152
0.7638889E-01

2.87949/

SIMPLE R
0.24493

-0.16390
-0.07584

MULTIPLE R
0.24493
0.59486
0.59861

(UNITS GIVEN IN TABLE 4)
JUL POSTLAV MAX SAL
AUG POSTLAV MIN SAL
JUN POSTLAV MIN SAL

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENT VARIABLE •• VAR2 TOT CAT 18 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.05999 0.05999
0.35386 0.29387
0.35833 0.00447

VARIABLE
VAR59
VAR60
VAR56
(CONSTANT)

w SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.
N•.....

Table 137. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 19)with salinl·
ty variables for the ten year (1964-1973)data set.

BETA
-0.43786
-0.24300

B
-0.4746359
-0.4626689

43.50266

SIMPU:. R
-0.61917
-0.56Y70

MULTIPLE R
0.61917
0.63996

~E~E~D~N~ ~A~I~B~E~.- - ~A~1- - - -T~T-C~T-1~ -(~~N~S~ ~E~~ ~F~)-X-10-5 - - - - - - - - - - - - - - - - - - - - - -

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.38337 0.38337
0.40955 0.02618

VARIABLE (UNITS GIVEN IN TABLE 4)
VAR56 JUN POSTLAV MIN SAL
VAR60 AUG POSTLAV MIN SAL
(CONSTANT)- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 6 AND 2 fOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 138. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 19,11·15
fathom depths) with salinity variables for the ten year (1964-1973)data set.

BETA
-U.52198
0.6Y052

-u.34426

B
-0.1497182
0.1193544

-0.3746687E-01
4.325330

SIMPLE R
-0.23559
0.00778

-0.17164

MULTiPlE R
0.23559
0.38542
0.43294

(UNITS GIVEN IN TABLE 4)
AUG POSTlAV MAX SAl
AUG POSTlAV MIN SAl
JUN POSTlAV MAX SAl

~E;E~D~N~ ~~I~B~E~.- - ~A~6~ - - -T~T-C~T-1~ ~P~H-3-(;O~N~S: ~E~D~ ~F;)-X-1~-5 - - - - - - - - - - - - - - - - - - -

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.05550 0.05550
0.14855 0.09304
0.18743 0.03889

VARIABLE
VAR61
VAR60
VAR57
(CONSTANT)

~ SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.
/'\)
r'\)

Table 139. Summary of results of stepwise multiple regression analysis of white shrimp IntelView catch/effort (area 18)
with salinity variables for the ten year (1964-1973)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

BETA
-0.85891
0.55326

-0.12006

B
-17 .43989
13.99914

-1.3tl7893
215.0211

SIMPLE R
-0.52658
-0.17030
-0.44490

MULTIPLE R
0.52658
0.63646
0.64146

CAT-EFF 18 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.27728 0.27728
0.40508 0.12780
0.41147 0.00639

CTEF18

(UNITS GIVEN IN TABLE 4)
AUG POSTlAV MIN SAl
JUl POSTLAV MAX SAl
JUN POSTlAV MIN SAl

DEPENDENT VARIABLE ••

VARIABLE
VAR60
VAR59
VAR56
(CONSTANT)

- - - - - - - - - - - - - - - - -
SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 140. Summary of results of stepwise multiple regression analysis of white shrimp Interview catch/effort (area 19)
with salinity variables for the ten year (1964·1973)data set.

BETA
-0.6,553

0.45080
-0.41079

B
-4.927412

7.416853
-~.423465

89.22805

SIMPLE R
-0.70455
-0.23688
-0.55612

MULTIPLE R
0.70455
0.73284
0.76388

CAT-EFF 19 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.49639 0.49639
0.53706 0.04067
0.58351 0.04646

CTEF19

(UNITS GIVEN IN TABLE 4)
JUN POSTLAV MIN SAL
JUL POSTLAV MAX SAL
AUG POSTLAV MIN SAL

DEPENDENT VARIABLE ••

VARIABLE
VAR56
VAR59
VAR60
(CONSTANT)

~ SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.
w

Table 141. Summary of results of stepwise multiple regression analysis of white shrimp interview catch/effort (area 19,
11.15 fathom depths) with salinity variables for the ten year (1964-1973)data set.

BETA
-0.93755

0.71903
-0.10983

B
-3.3,6152

5.094140
-0.6243909

-18.05435

SIMPLI: R
-0.61047

0.09393
-0.31359

MULTIPLE R
0.61047
0.81954
0.82117

CAT-EFF 19 DPTH 3 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.37267 0.37267
0.67164 0.29897
0.67432 0.00268

CTEF193

(UNITS GIVEN IN TABLE 4)
JUN POSTLAV MAX SAL
JUL POSTLAV MAX SAL
AUG POSTLAV MIN SAL

DEPENDENT VARIABLE ••

VARIABLE
VAR57
VAR59
VAR60
(CONSTANT>

SEE TABLES 6 AND 2 FOR REFERENCE NU~~ER AND VARIABLE NAME, RESPECTIVELY.



Table 142. Correlation matrix showing the simple bivariate Pearson product moment conelation coeflicients between
all possible pairs of vadables in the ten year (1964-1973)data set used to relate white shrimp total catch and
interview catch/effort variables to recruitment, bay catch and bay effort variables.

!UNITS GIVEN IN nSlE 4)
VAAl VAA2 VAA66 CTEfl8 CTEfl9 CTEfl93 WGtl6 WCEI9 WCE118 WCE119 VAA47 VAH46

VAAl 1.00000 0.62975 -0.34055 0.80483 0.76076 0.09913 0.54682 0.33035 0.34017 0.29704 0.41270 0.36699
VAR2 0.62975 1.00000 -0.60146 0.81875 0.56501 0.11663 0.31110 0.01348 0.30916 0.22556 0.12232 0.55256
VAR66 -0.34055 -0.60146 1.00000 -0.32114 -0.00981 0.47612 -0.69664 -0.41645 -0.37631 -0.41576 -0.21662 -0.64733
ClEfl8 0.60483 0.81815 -0.32114 1.00000 0.69045 0.36957 0.36837 0.30465 0.06629 -0.07463 0.54004 0.46011
CTEfl9 0.76076 0.56501 -0.00981 0.89045 1.00000 0.61687 0.24063 0.16962 0.13576 -0.03691 0.59216 0.35483
CTEfl93 0.09913 0.11663 0:47672 0.36957 0.61687 1.00000 -0.26304 -0.30203 -0.20669 -0.25225 0.27400 0.05901
WCEI8 0.54682 0.31710 -0.69664 0.36837 0.24063 -0.26304 1.00000 0.70462 0.21318 0.38192 0.60441 0.74585
WCEI9 0.33035 0.OU48 -0.41645 0.30465 0.16962 -0.30203 0.70462 1.00000 -0.16544 -0.28459 0.61046 0.38423
WCE118 0.34017 0.30916 -0.37631 0.06629 0.13576 -0.20869 0.21316 -0.16544 1.00000 0.12531 -0.14986 0.43224
WCEll9 0.29704 0.22556 -0.41576 -0.07463 -0.03891 -0.25225 0.38192 -0.26459 0.125.s1 1.00000 -0.29644 0.35224
VM47 0.41270 0.12232 -0.21662 0.54004 0.59216 0.27400 0.60441 0.81046 -0.14986 -0.29844 1.00000 0.51953
VAA48 0.36899 0.55256 -0.64733 0.46011 0.35483 0.05901 0.74585 0.38423 0.43224 0.35224 0.51953 1.00000
VIIR49 0.30583 0.13605 -0.13986 -0.09011 0.02985 -0.10340 0.16356 -0.46109 0.62990 0.94156 -0.40952 0.11577
VIIR50 -0.00596 0.20424 -0.07980 0.00268 0.14961 0.14123 -0.11523 -0.34696 0.755.s8 0.43959 -0.11955 0.40541
VM53 0.42828 0.41240 -0.20651 0.48248 0.56386 0.13357 0.20398 0.15123 0.66932 0.18395 0.36483 0.54506
VIIR54 0.41965 -0.01260 -0.21478 0.37077 0.32637 -0.00642 0.65177 0.76823 -0.46957 -0.21149 0.74967 0.17400
VIIR55 0.41235 0.14739 -0.08002 0.15734 0.32010 0.24945 0.32838 -0.25794 0.28542 0.72185 -0.03975 0.13050
VIIR76 0.02680 0.55799 -0.38094 0.34827 0.29896 0.30233 0.11230 -0.10252 0.45593 0.16493 0.18823 0.12561
VAH77 -0.00344 0.00992 0.54063 0.18316 0.49775 0.91863 -0.40469 -0.5j745 -0.04570 -0.01621 0.04404 -0.06~66
VIIR78 -0.29777 0.11347 0.24787 0.02697 0.14216 0.53739 -0.35970 -0.40239 0.06513 -0.09311 -0.041~2 0.23674

tAl VAA79 -0.14338 -0.42422 0.82366 -0.10086 0.05554 0.35110 -0.63218 -0.21832 -0.65j58 -0.60922 -0.15212 -0.62264N.p...

VAR49 VAR50 VAR53 VAR54 VAR55 VAR76 VAR77 VAR76 VAR-/9
VAAl 0.30583 -0.00596 0.42826 0.41965 0.47235 0.02680 -0.00344 -0.29777 -0.14338
VAH2 0.13605 0.20424 0.41240 -0.01260 0.14739 0.55799 0.00992 0.11347 -0.42422
VAR66 -0.13986 -0.07960 -0.20651 -0.21478 -0.06002 -0.36094 0.54063 0.24767 0.6;1366
CTEfl8 -0.09011 0.00268 0.48248 0.37077 0.15734 0.34827 0.18316 0.02697 -0.10086
CTEfl9 0.02985 0.14961 0.56386 0.32637 0.32010 0.29896 0.49775 0.14216 0.05554
CTEfl93 -0.10340 0.14123 0.13357 -0.00642 0.24945 0.30233 0.91663 0.5.s739 0.35110
WCEI8 0.16356 -0.11523 0.20396 0.65177 0.32836 0.11230 -0.40469 -0.35970 -0.63218
WCEI9 -0.46109 -0.34696 0.15723 0.78823 -0.25794 -0.10252 -0.53745 -0.40239 -0.21832
WCEll8 0.62990 0.75538 0.68932 -0.46957 0.28542 0.45593 -0.04570 0.06513 -0.65358
WCE1I9 0.94156 0.43959 0.18395 -0.21149 0.12185 0.16493 -0.01621 -0.09311 -0.60922
VAR47 -0.40952 -0.11955 0.36483 0.74967 -0.03975 0.18823 0.04404 -0.04152 -0.15212
VAR48 0.11577 0.40541 0.54506 0.17400 0.13050 0.72561 -0.06586 0.23674 -0.62264
VAR49 1.00000 0.41881 0.06761 -0.26003 0.78721 0.02115 0.17432 -0.02596 -0.32690
VAR50 0.41881 1.00000 0.62317 -0.61998 0.01374 0.75063 0.32446 0.68034 -0.49579
VAR53 0.08781 0.62311 1.00000 -0.19894 -0.02304 0.59745 0.14007 0.17148 -0.45131
VAR54 -0.26003 -0.61996 -0.19894 1.00000 0.17393 -0.36493 -0.20367 -0.45068 0.08976
VAR55 0.78721 0.01374 -0.02304 0.17393 1.00000 -0.13837 0.38479 -0.22245 -0.12233
VAH76 0.02175 0.75063 0.59745 -0.36493 -0.13837 1.00000 0.28218 0.70924 -0.63961
VARn 0.17432 0.32446 0.14007 -0.20367 0.38479 0.28216 1.00000 0.58326 0.31995
VI\I178 -0.02598 0.68034 0.17148 -0.45068 -0.22245 0.70924 0.58326 1.00000 -0.06765
v/u\l9 -0.32690 -0.49579 -0.45UI 0.08978 -0.12233 -0.63961 0.31993 -0.06785 1.00000

SEE TlalES 6 AND Z fOR REfERENCl1:HUMllER AND VMllalE IW£. RESPECTIVelY.



Table 143. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 18)with recruit-
ment, bay catch and bay effort variables for the ten year (1964-1973)data set.

BETA
3.u3303

-1.18980
2.32447
1.34274

-U.62510
-1.06610

0.32874
-u.15129

0.03588

B
5.405813

-1.762002
3.tl39351

0.10044,)8
-0.4702121E-Ol

-1.1tl1596
0.1u81743E-Ol

-0.2049871E-01
0.2574423E-02
-91.99195

SIMPLE R
0.55799
0.11347

-0.42422
0.13605
0.20424
0.00992

-0.012bO
0.41240
0.12232

MULTIPLE R
0.55799
0.68679
0.74213
0.79664
0.86766
0.97456
0.99898
0.99999
1.00000

(UNITS GIVEN IN TABLE 4)
BAY TRIPS 18
LAG BAY TRIPS 18
LAG BAY TRIPS 19
LAG BAY CAT 19
LAG BAY CAT 18
BAY TRIPS 19
JUL POSTLARVAL CATCH-TOW
JUN POSTLARVAL CAT-TOW
BAY CAT 19

~E;E~D~N~ ~A~I~B~E~.- - ~A~2- - - -T~T-C~T-l~ -(PO~N;S~ ~EADS OFf)-X-l0-5 - - - - - - - - - - - - - - - - - - - - --
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.31135 0.31135
0.47168 0.16033
0.55075 0.07907
0.63464 0.08j89
0.75284 0.11820
0.94977 0.19694
0.99795 0.04818
0.99999 0.00204
1.00000 0.00001

VARIABLE
VAR76
VAR78
VAR79
VAR49
VAR50
VAR77
VAR54
VAR53
VAR47
(CONSTANT)

W
N
U1

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME. RESPECTIVELY.



Table 144. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 19)with recruit·
ment, bay catch and bay effort variables for the ten year (1964·1973)data set.

BETA
1.21380

-0.10133
-0.47644

1.22371
-0.6838/

2.81954
-2.03976

2.70104
0.94048

B
0.9288853E-Ol

-0.1Y56606E-01
-0.3tl86676E-01

0.1251224
-1.443310

6.660476
-3.221856

5.428812
0.1002625
-146.9420

SIMPLE R
0.47235
0.42828
0.41965
0.41270

-0.29777
-0.14338
-0.00344

0.02680
0.30583

MULTIPLE R
0.47235
0.64504
0.77990
0.83145
0.84337
0.84984
0.88353
0.99371
1.00000

(UNITS GIVEN IN TABLE 4)
AUG POSTLARVAL CATCH-TOW
JUN POSTLARVAL CAT-TOW
JUL POSTLARVAL CATCH-TOW
BAY CAT 19
LAG BAY TRIPS 18
LAG BAY TRIPS 19
BAY TRIPS 19
BAY TRIPS 18
LAG BAY CAT 19

~E~E~D~N~ ;A~I;B~E~.- - ;A~l- - - -T~T-C;T-1~ -(;O~N~S~ HE~~ OfF)-X-10-5 - - - - - - - - - - - - - - - - - - - - - -

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.22311 0.22311
0.41608 0.19297
0.60825 0.1~217
0.69131 0.08306
0.71127 0.01995
0.72222 0.01096
0.78063 0.05841
0.98745 0.20682
1.00000 0.01255

VARIABLE
VAR55
VAR53
VAR54
VAR47
VAR78
VAR79
VAR77
VAR76
VAR49
(CONSTANT>

W
N
0)

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 6 AND 2 fOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 145. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 19, 11.15
fathom depths) with recruitment, bay catch and bay effort variables for the ten year (1964-1973)data set.

BETA
0.00218
0.43099
1.46729

-2.02614
-1.04543

1.11009
-U.52808

0.09982
-0.06191

B
0.46'4827E-03
0.4194420E-02
0.2103988

-0.3696949
-0.7262959E-02

0.1025061E-01
-0.4901809E-Ol

0.1749733E-02
-0.5991900E-03

2.269375

SIMPLt R
0.82386

-0.07980
0.54063

-0.38094
-0.08002
-0.64733
-0.21662
-0.20651
-u.13986

MULTIPLE R
0.82386
0.90662
0.91076
0.91982
0.94962
0.96319
0.99782
0.99997
1.00000

(UNITS GIVEN IN TABLE 4)
LAG BAY TRIPS 19
LAG BAY CAT 18
BAY TRIPS 19
BAY TRIPS 18
AUG POSTLARVAL CATCH-TOW
BAY CAT 18
BAY CAT 19
JUN POSTLARVAL CAT-TOW
LAG BAY CAT 19

~E;E~D~N~ ~A~I~B~E~.- - ~A~6~ - - -T~T-C~T-1~ ~P~H-3- ~P~U~D;,-H~~S-O;F~ ~ ~0:5- - - - - - - - - - - - - - - - - - -

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.67874 0.67874
0.82196 0.14323
0.82949 0.00753
0.84606 0.01657
0.90178 0.05571
0.92773 0.02596
0.99564 0.06791
0.99994 0.00430
1.00000 0.00006

VARIABLE
VAR79
VAR50
VAR77
VAR76
VAR55
VAR48
VAR47
VAR53
VAR49
(CONSTANT)

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 146. Summary of results of stepwise multiple regression analysis of white shrimp interview catch/effort (area 18)
with recruitment, bay catch and bay effort variables for the ten year (1964-1973)data set

DEPENDENT VARIABLE •• CTEF18 CAT-EFF 18 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

VARIABLE (UNITS GIVEN IN TABLE 4) MULTIPLE R R SQUARE RSQ C1-IANGE SIMPLI:.R B BETA
VAR53 JUN POSTlARVAL CAT-TOW 0.48248 0.23279 0.23279 0.48248 0.ti311757 0.40364

w VAR54 JUl POSTLARVAL CATCH-TOW 0.67796 0.45963 0.22684 0.37077 4.045629 4.65032
N
ex> WCE19 BAY CAT-TRIP 19 0.75063 0.56345 0.103ti2 0.30485 -7.002881 -5.10103

VAR55 AUG POSTLARVAL CATCH-TOW 0.79201 0.62727 0.06382 0.15734 -1. 711751 -2.09743
WCE18 BAY CAT-TRIP 18 0.84375 0.71191 0.08464 0.36837 3.082879 1.58534
WCEl18 lAG BAY CAT-TRIP 18 0.87637 0.76803 0.05612 0.06629 4.814857 2.48377
WCEL19 LAG BAY CAT-TRIP 19 0.94615 0.89521 0.12718 -0.0/463 -2.063934 -1.51006
(CONSTANT) 173.7082

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 147. Summary of results of stepwise multiple regression analysis of white shrimp interview catch/effort (area 19)
with recruitment, bay catch and bay effort variables for the ten year (1964·1973)data set.

DEPENDENT VARIABLE •• CTEF19 CAT-EFF 19 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

VARIABLE (UNITS GIVEN IN TABLE 4) MULTIPLE R R SQUARE RSQ CHANGE S IMPLl: R B BETA
VAR53 JUN POSTLARVAL CAT-TOW 0.56386 0.31794 0.31794 0.56386 0.6754013 0.50443

w VAR54 JUL POSTLARVAL CATCH-TOW 0.71985 0.51819 0.20025 0.32637 2.232351 3.':14636
N WCE19 BAY CAT-TRIP 19 0.88807 0.78868 0.27049 0.lB962 -3.583433\.0 -4.01437

WCEL19 LAG BAY CAT-TRIP 19 0.92164 0.84941 0.06074 -0.03891 -1.3'4133 -1.52369
WCEL18 LAG BAY CAT-TRIP 18 0.95071 0.90386 0.05444 0.13576 2.823288 2.23986
WCE18 BAY CAT-TRIP 18 0.96857 0.93813 0.03427 0.24063 1.139314 0.90105
VAR55 AUG POSTLARVAL CATCH-TOW 0.99954 0.99909 0.06096 0.32010 -0.6502952 -1.22545
(CONSTANT) 102.':1374

SEE TABLES 6 AND 2 FOR REFERENCE NU~~ER AND VARIABLE NAME, RESPECTIVELY.



Table 148. Summary of results of stepwise multiple regression analysis of white shrimp Interview catch/effort (area
19,11-15fathom depths) with recruitment, bay catch and bay effort variables for the ten year (1964-1973)data
set.

DEPENDENT VARIABLE •• CTEF193 CAT-EFF 19 DPTH 3 (POUNDS, HEADS OFF/DAY>

w
w<:)

VARIABLE
WCE19
VAR54
VAR53
WCEL19
WCE18
WCEL18
VAR55
(CONSTANT>

(UNITS GIVEN IN TABLE 4)
BAY CAT-TRIP 19
JUL POSTLARVAL CATCH-TOW
JUN POSTLARVAL CAT-TOW
LAG BAY CAT-TRIP 19
BAY CAT-TRIP 18
LAG BAY CAT-TRIP 18
AUG POSTLARVAL CATCH-TOW

MULTIPLE R
0.30203
0.48261
0.66155
0.84149
0.88416
0.91280
0.91372

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.09122 0.09122
0.23292 0.14170
0.4376~ 0.20473
0.70810 0.27046
0.78174 0.07363
0.83320 0.05147
0.83489 0.00168

SIMPU: R
-0.30203
-0.00642

0.133~7
-0.25225
-0.26304
-0.20889

0.24945

B
-0.9197173

0.305j685
0.1766303

-0.7223620
0.5511772
0.4710784
0.4654824E-01

74.06227

BETA
-2.3Y268

1.25363
0.30635

-1.88756
1.01229
0.66790
0.20370

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 149. Summary statistics for the eighteen year (1960-1977)data set used to develop the
stepwise multiple regression models relating white shrimp total catch and interview
catch/effort variables to environmental variables and indices of recruitment.

(UNITS GIVEN IN TABLE 4)
VARIABLE
VAR2
VARl
VAR68
CTEF18
CTEF19
CTEF193
XE18
XE19
XE193
VAR15
VAR16
VAR17
VAR18
VAR19
VAR20
VAR21
VAR22
VAR23
VAR24
VAR25
VAR26
VAR27
VAR28
VAR29
VAR30
VAR31
VAR32
VAR33
VAR34
VAR35
VAR36
VAR37
VAR38
VAR39
VAR40
VAR41
VAR42
VAR43
VAR44
VAR45

MEAN
18.5084
21.4060

1.8919
161.6400
110.3550
48.8672
89.1081

203.3556
69.3395

163.2923
150.1449
500.7331
57.7572
24.9901
29.1972
52.2644
38.0157
44.8700

108.1799
52.7872
13.4756
16.9961
13.88,67
14.0000
58.7059
33.8056
30.8778
6.0111
5.9847

98.3333
94.1667

163.3561
143.9442
495.0816

6.8444
9.6556

54.7422
18.4389
13.7678

195.2136

331

STANDARD DcV
6.3769
7.0215
1.5q52

64.3608
54.4512
48.0279
32.7578
52.0091
32.3205
35.9985
71.5719

261.8101
17.8762
4.682/

10.6647
35.5192
33.6093
30.6364

102.3199
13.7307
7.2058
6.7987
5.6160
6.5218

13.0277
4.8888
6.7468
0.5591
0.5490

29.2052
26.1360
35.9526
69.7521

261.2084
1.6964
1.9233

13.9580
8.0208
5.6772

167.2327

CASES
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
16
17
18
18
18
17
18
18
18
18
18
18
18
18
18
18
18



Table 149 continued

VARIABLE MEAN ::iTANDARDDEV CASES
VAR46 26.6625 15.3928 18
VAR47 229.4129 110.5807 18
VAR48 184.9871 68.9793 18
VAR49 213.3453 101.6894 18
VAR50 180.1021 74.3777 18
VAR51 209.2222 71.7385 18
VAR52 209.7222 71.4207 18
VAR76 14.1787 4.7994 18
VAR77 18.2192 5.0817 18
VAR78 13.4335 5.5785 18
VAR79 17.1790 5.0933 18
VAR80 51.3477 14.9693 18
VAR81 152.6362 103.3874 18
VAR82 8.4289 4.3649 18
VAR83 28.4503 9.8826 18
VAR84 110.4006 102.7044 18
VAR85 37.6042 33.6627 18
VAR86 33.3689 18.9375 18
VAR87 31.4444 7.6943 18
VAR88 29.0000 7.4439 18
VAR89 28.1111 6.3699 18
VAR90 35.5000 14.0220 18
VAR91 32.0000 5.6464 18
VAR92 117.5000 63.8990 18
VAR93 102.5000 50.7372 18
VAR94 112.5000 58.2654 18
VAR95 67.5000 41.5597 18
VAR96 57 .5000 45.8017 18
VAR97 5.9865 0.5096 17
VAR98 5.6124 0.4333 17
VAR99 5.8118 0.6740 17
VAR100 6.5950 1.0120 16
VAR101 6.2756 0.6350 16
WCE18 137.7039 47.6875 18
WCE19 137.7469 96.5305 18
WCEL18 150.1563 63.5081 18
WCEL 19 137.9456 96.5741 18

SEE T.ABLES 6 AND 2 FOR REFERENCE NUMBER AND VAR1.ABLE NAME. RESPECT Iva y•
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Table 150. Correlation matrix showing the simple bivariate Pearson product moment correlation coefficients between
all possible pairs of variables In the eighteen year (1960-1977)data set used to relate white shrimp total catch
and interview catch/effort variables to river discharge variables.

(UNITS GIVEN IN TABlE 41
VARI VAR2 VAR68 CTEfl8 CTEfl9 CfEFI9j VARI5 VARI6 VARI7 VARI8 VAAl!) VM20

VARI 1.00000 0.47595 0.02852 0.78575 0.67661 0.06220 0.31614 0.31566 0.5/002 0.32192 0.24151 0.24623
VAA2 0.47595 1.00000 -0.45911 0.56476 0.40435 -0.29268 0.43129 0.34866 0.30163 0.13662 0.43366 0.36548
VAR68 0.02852 -0.45911 1.00000 -0.14334 0.08196 0.47257 -0.20402 0.21263 0.02795 -0.04063 -0.06407 -0.09607
CTEfl8 0.78575 0.56478 -0.14334 1.00000 0.69185 0.12166 0.59517 0.40691 0.50701 0.59860 0.2/443 0.48267
CTEfl9 0.67861 0.40435 0.06196 0.69185 1.00000 0.55891 0.69445 0.48977 0.68442 0.66383 0.42348 0.50055
CTEfl93 0.08220 -0.29268 0.47257 0.12168 0.55691 1.00000 0.34214 0.31932 0.30461 0.45127 0.26288 0.39179
VARI5 0.31614 0.43129 -0.20402 0.59517 0.69445 0.34214 1.00000 0.52252 0.73300 0.87686 0.67960 0.58151
VARI6 0.31568 0.34866 0.21263 0.40891 0.48977 0.31932 0.52252 1.00000 0.67506 0.39806 0.55997 0.50759
VARI7 0.57002 0.30163 0.02795 0.50701 0.68442 0.30461 0.73300 0.67506 1.00000 0.66710 0.50996 0.32911

w VARI8 0.32192 0.n662 -0.04083 0.59860 0.66363 0.45127 0.87686 0.39606 0.66710 1.00000 0.45609 0.36763
w VARI9 0.24151 0.43366 -0.06407 0.27443 0.42348 0.26286 0.67960 0.55997 0.50998 0.45809 1.00000 0.52702w VAR20 0.24623 0.36548 -0.09807 0.46267 0.50055 0.39179 0.56151 0.50759 0.32911 0.36763 0.52702 1.00000

VAA21 0.20743 0.28303 -0.07626 0.33184 0.27805 0.21126 0.38762 0.62525 0.51622 0.25296 0.34145 0.60930
VAR22 0.16642 0.28239 0.42936 0.23020 0.28763 0.08751 0.26713 0.67250 0.3:>700 0.19923 0.32496 0.02752
VAR23 0.09712 0.16189 -0.n071 0.22019 0.58227 0.34689 0.65667 0.37863 0.67443 0.56791 0.33361 0.11311
VAR24 0.19244 0.50996 0.05064 0.326:n 0.52115 0.06335 0.55845 0.32400 0.41555 0.36643 0.41795 0.20606
VAR37 -0.07430 0.52580 -0.41922 0.09722 0.25903 -0.09260 0.46612 0.17548 0.26250 0.23703 0.29660 -0.04787
VAR38 0.23086 0.38145 -0.08033 0.16092 0.50557 0.31202 0.39959 0.42273 0.50960 0.14~72 0.42564 0.24672
VAR39 0.03256 0.35489 -0.20551 -0.06121 0.18111 -0.03629 0.23461 0.06798 0.15644 0.05007 0.43'55 -0.13084
VAR45 0.51429 0.09158 -0.13900 0.32675 0.26555 0.00020 0.29723 0.40343 0.76520 0.31913 0.13151 0.10813
VAR46 0.08498 0.29945 0.15263 0.32422 0.36627 0.29154 0.53397 0.63270 0.39419 0.43129 0.68459 0.4660u
VAR51 0.32374 0.52659 -0.29470 0.59242 0.63969 0.22279 0.96447 0.56282 0.70605 0.76923 0.73205 0.56746
VAR52 0.02388 0.62147 -0.41793 0.21279 0.24891 -0.10397 0.45547 0.25369 0.30117 0.19973 0.31764 0.02716
VAR60 0.12486 0.46374 -0.35195 0.28673 0.38621 -0.07747 0.73061 0.24442 0.57l10 0.49504 0.3969/ 0.05824
YAA81 0.39267 0.06351 0.28556 0.36677 0.61563 0.60605 0.62697 0.62578 0.68396 - 0.62044 0.56581 0.42367
VAR83 0.20732 0.56327 -0.25331 0.46449 0.44629 -0.12751 0.71370 0.42597 0.56125 0.47135 0.40184 0.18798
YAR84 -0.17437 0.16738 0.00416 -0.11696 0.20055 0.24775 0.45367 0.32256 0.33307 0.26619 0.45860 0.22970
YAR65 0.06932 0.06437 0.23709 -0.02551 0.52519 0.64768 0.29516 0.34496 0.37183 0.15089 0.35868 0.39933
YAR86 0.44233 0.04490 0.06789 0.24906 0.52301 0.42099 0.33322 0.53515 0.63176 0.31525 0.340~1 0.36232



Table 150 continued

VAR21 VAR22 VAR2~ VAR24 VAR~1 VAR~6 VAR~9 VAR45 VAR46 VAR51 VAR52 VAH60VARI 0.20143 0.16642 0.09712 0.19244 -0.01430 0.2~066 0.0~256 0.51429 0.08496 0.~2~14 0.02366 0.12486VAR2 0.28303 0.282~9 0.16189 0.50996 0.52560 0.~6145 0.35489 0.09156 0.29945 0.52659 0.62141 0.46~14VAR68 -0.07626 0.42936 -0.13071 0.05064 -0.41922 -0.0603~ -0.20551 -0.13900 0.1526~ -0.29410 -0.41793 -0.~5195
CTEf18 0.33184 0.23020 0.22019 0.32631 0.09122 0.16092 -0.06121 0.32615 0.32422 0.59242 0.21219 0.286BCTEFI9 0.27805 0.28163 0.58227 0.52115 0.25903 0.50557 Q.18711 0.26555 0.36621 0.63969 0.24891 0.36621CTEF193 0.21126 0.08751 0.34669 0.06335 -0.09260 0.~1202 -0.03629 0.00020 0.29154 0.222/9 -0.10391 -0.01747VAR15 0.38762 0.26113 0.65667 0.55845 0.46612 0.39959 0.23461 0.29723 0.53391 0.96441 0.45541 0.13081VAR16 0.62525 0.67250 0.31863 0.32400 0.17548 0.422B 0.06798 0.40343 0.63210 0.56282 0.25389 0.24442VARI1 0.51622 0.35100 0.61443 0.41555 0.28250 0.50960 0.15644 0.76520 0.39419 0.10805 0.30111 0.57LIOw VARI6 0.25296 0.19923 0.56791 0.38643 0.23103 0.14572 0.05001 0.31913 0.43129 0.16923 0.19913 0.49504w.;:. VAR19 0.34145 0.32496 0.33361 0.41195 0.29660 0.42564 0.43,55 0.13151 0.68459 0.13205 0.31784 0.39891VAR20 0.60930 0.02752 0.11311 0.20608 -0.04167 0.24672 -0.13084 0.10813 0.4660a 0.56746 0.02716 0.05624VAR21 1.00000 0.23090 0.19899 -0.09641 0.06011 0.30915 -0.01281 0.46611 0.2a944 0.44192 0.20031 0.08915VAR22 0.23090 1.00000 0.23362 0.63425 0.11852 0.24068 0.06868 0.02403 0.5~640 0.25503 0.20671 0.2t1322VAR23 0.19899 0.23362 1.00000 0.41411 0.66897 0.66112 0.49141 0.32156 0.37460 0.63704 0.60753 0.71603VAR24 -0.09641 0.63425 0.47411 1.00000 0.41700 0.37004 0.17549 -0.09980 0.49046 0.51766 0.36420 0.60393VAR37 0.0601 I 0.17852 0.66897 0.41700 1.00000 0.60133 0.75139 -0.02324 0.21081 0.55798 0.96383 0.17920VAR38 0.30915 0.24088 0.68112 0.31004 0.60133 1.00000 0.67836 0.21669 0.26117 0.44760 0.63619 0.41799VAR39 -0.07281 0.06868 0.49141 0.17549 0.75139 0.67836 1.00000 -0.06679 0.19154 0.33032 0.72/37 0.46137VAR45 0.48611 0.02403 0.32156 -0.09960 -0.02324 0.21669 -0.06879 1.00000 0.0/376 0.29267 0.03155 0.21550VAR46 0.28944 0.53840 0.37460 0.49046 0.21081 0.26117 0.19154 0.0/376 1.00000 0.56569 0.22170 0.22286VAR51 0.44192 0.25503 0.63704 0.51766 0.55798 0.44760 0.33032 0.29267 0.56569 1.00000 0.55995 0.76749YAR52 0.20031 0.20671 0.60753 0.36420 0.96383 0.63679 0.72137 0.03155 0.22110 0.55995 1.00000 0.73803YAR60 0.06915 0.28322 0.71603 0.60393 0.71920 0.47199 0.46137 0.21550 0.22266 0.76749 0.13803 1.00000YAR81 0.55512 0.16820 0.42103 0.0835j 0.14060 0.37419 0.18122 0.32451 0.28224 0.61740 0.17006 0.26799YAR83 0.17393 0.53058 0.65619 0.75348 0.66465 0.44262 0.32436 0.18825 0.45147 0.76298 0.67086 0.U9381YAR64 0.33988 -0.03106 0.42173 0.12598 0.54181 0.32226 0.41351 -0.03284 0.18j47 0.50864 0.50545 0.44213VAR85 0.30393 -0.03091 0.48444 0.18491 0.21561 0.69664 0.35875 -0.00232 0.17431 0.29613 0.26264 0.13297YAR86 0.61211 -0.10400 0.33235 -0.11913 0.01682 0.39037 0.01537 0.50998 0.0/850 0.37910 0.03070 0.06022



Table 150 continued

VAR81 VAR83 VAR84 VAR85 VAR86VARI 0.39287 0.20732 -0.17437 0.08932 0.44233VAR2 0.06351 0.56327 0.16738 0.06437 0.04490VAR68 0.28558 -0.25331 0.00416 0.23709 0.06789
CTEFI8 0.36677 0.46449 -0.11896 -0.02551 0.24906CTEfl9 0.61563 0.44629 0.20055 0.52519 0.52301CTEFI93 0.60605 -0.12751 0.24775 0.64768 0.42099VARI5 0.62697 0.71370 0.45367 0.29518 0.33322VARI6 0.62578 0.42597 0.32258 0.34496 0.53315

w VARI7 0.68396 0.56125 0.33307 0.37183 0.63176w VARI8 0.62044 0.47135 0.28619 0.15089 0.3152501 VARI9 0.56581 0.40184 0.45860 0.35868 0.34051VAR20 0.42367 0.18798 0.22970 0.39933 0.36232VAR21 0.55572 0.17393 0.33988 0.30393 0.61217VAR22 0.16820 0.53058 -0.03106 -0.03091 -0.10400VAR23 0.42103 0.65619 0.42173 0.48444 0.33235VAR24 0.08353 0.75348 0.12598 0.18491 -0.11913VAR37 0.14060 0.68465 0.54181 0.27561 0.01682VAR38 0.37419 0.44282 0.32228 0.69684 0.39037VAR39 0.18722 0.32436 0.41351 0.35875 0.07537VAR45 0.32451 0.18825 -0.03284 -0.00232 0.50998VAR46 0.28224 0.45147 0.18347 0.17431 0.07850VAR51 0.61740 0.76298 0.50884 0.29613 0.37970VAR52 0.17006 0.67086 0.50545 0.26264 0.03070VAR80 0.28799 0.89381 0.44213 0.13297 0.06022VAR81 1.00000 0.17527 0.64682 0.62180 0.79659VAR83 0.17527 1.00000 0.23203 0.02615 -0.03233VAR84 0.64682 0.23203 1.00000 0.62596 0.48723VAR65 0.62180 0.02615 0.62596 1.00000 0.66331VAR86 0.79659 -0.03233 0.48723 0.66331 1.00000

SEE TABLES 6 AND 2 fOR REfERENCE NUMBER AND VAll I ABLE NAME. RESPECTI va y•



Table 151. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 18)with river
discharge variables for the eighteen year (1960·1971)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENT VARIABLE •• VAR2 TOT CAT 18 (POUNDS, HEADS OFF) X 10-5

SUMMARYTABLE
VARIABLE (UNITS GIVEN IN TABLE 4) MULTIPLE R R SQUARE RSQ CHANGE S IMPLI:: R B BETA
VAR52 LAG ANNUAL ATCH DIS 0.62147 0.38622 0.38622 0.6l147 0.166L913 1.tl6245
VAR20 OCT-DEC MISS DIS 0.72263 0.52219 0.13597 0.3li548 0.6~77389 1.16689
VAR23 JUL-SEP TRIN DIS 0.78981 0.62379 0.10161 0.161 tl9 -0.5634267E-01 -0.27069
VAR24 OCT-DEC TRIN DIS 0.86604 0.75003 0.12624 0.50996 0.716~326E-01 1.14970w VAR45 APR-JUN TRIN DIS 0.91180 0.83138 0.08135 0.09158 0.5044005£-03 0.01323w

0"\
VAR84 LAG OCT-DEC TRIN DIS 0.91744 0.84170 0.01032 0.16738 -0.3443071£-01 -u.55453
VAR86 JAN-MAR GUAD DIS 0.93226 0.86910 0.02741 0.04490 0.3671728 1.09039
VAR38 LAG ANNUAL GUAD DIS 0.93997 0.88354 0.01443 0.3tl145 -0.7318672£-01 -0.50053
VAR39 LAG ANNUAL TRIN DIS 0.95479 0.91163 0.02809 0.3,489 0.1701855E-01 0.6Y711
VAR51 ANNUAL ATCH DIS 0.96910 0.93916 0.02753 0.52659 -0.6494988E-Ol -u.73067
VAR80 JAN-MAR MISS DIS 0.97888 0.95820 0.01905 0.46374 0.5993920 1.40702
VAR37 LAG ANNUAL MISS DIS 0.98477 0.96977 0.01156 0.52580 -0.1389417 -0.78334
VAR83 LAG OCT-DEC MISS DIS 0.99016 0.98042 0.01065 0.56327 -0.7359021 -1.14047
VAR46 JUL-SEP GUAD DIS 0.99604 0.99209 0.01167 0.29945 0.1084894 0.26188
VAR85 LAG OCT-DEC GUAD DIS 0.99848 0.99696 0.00487 0.06437 -0.111/539 -0.58993
VAR19 JUL-SEP MISS DIS 0.99934 0.99869 0.00172 0.43366 -0.3059388 -0.22466
VAR15 ANNUAL ~11SS 0 I S 1.00000 1.00000 0.00131 0.43129 -0.8444886E-01 -U.47673
(CONSTANT> 0.7879979
- - - - - ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .
SEE TABLES 6 AND 2 FOR REFERENCENUMBERAND VARIABLE NAME, RESPECTIVELY.



Table 152. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 19) with river
discharge variables for the eighteen year (1960-1977)data set.

BETA
4.40504

-u.71779
-2.43ti84

1.20352
0.55925
0.91298

-2.27108
0.04062

-:l.08858
-2.33582

1.29423
-0.98127

1.98600
0.52076

-0.22477
-0.23390
0.06511

B
0.1181396

-0.1645103
-0.16673,0
0.3235173E-Ol
0.3798103E-Ol
0.8975709E-01

-0.2228036
0.1505988E-01

-0.8769257E-01
-0.2351335
0.2699578

-0.3854316
0.3Y25989
0.2375495

-0.3370311
-0.1539950
0.6372614E-02
28.15867

SIMPLE R
0.57002
0.09712

-0.17437
0.03256
0.3Y287
0.02388
0.31568
0.44233
0.51429
0.23086
0.08932
0.32192
0.20743
0.08498
0.24151
0.24623
0.32374

MULTIPLE R
0.57002
0.69018
0.74782
0.79551
0.82659
0.84467
0.87040
0.88718
0.91988
0.93343
0.96005
0.96997
0.99289
0.99695
0.99972
1.00000
1.00000

(UNITS GIVEN IN TABLE 4)
ANNUAL TRIN DIS
JUL-SEP TRIN DIS
lAG OCT-DEC TRIN DIS
lAG ANNUAL TRIN DIS
JAN-MAR TRIN DIS
LAG ANNUAL ATCH DIS
ANNUAL GUAD DIS
JAN-MAR GUAD DIS
APR-JUN TRIN DIS
LAG ANNUAL GUAD DIS
LAG OCT-DEC GUAD DIS
APR-JUN MISS DIS
APR-JUN GUAD DIS
JUl-SEP GUAD DIS
JUL-SEP MISS DIS
OCT-DEC MISS DIS
ANNUAL ATCH D IS

VARIABLE
VAR17
VAR23
VAR84
VAR39
VAR81
VAR52
VAR16
VAR86
VAR45
VAR38
VAR85
VAR18
VAR21
VAR46
VAR19
VAR20
VAR51
(CONSTANT>

~E;E~D~N~ ;A~I~~E~.- - ;~1- - - -T~T-C~T-l~ -(~~N~S~ ~E~D~ ~Ff)-X-10-5 - - - - - - - - - - - - - - - - - - - - - .

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.32492 0.32492
0.47635 0.15142
0.55923 0.08288
0.63283 0.07360
0.68325 0.05042
0.71346 0.03021
0.75760 0.04413
0.78710 0.02950
0.84618 0.05908
0.87129 0.02511
0.9216Y 0.05040
0.94085 0.01916
0.98583 0.04498
0.99391 0.00808
0.99945 0.00554
0.99999 0.00054
1.00000 0.00001

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 153.
Summary of I8sults of stepwise multiple regression analysis of white shrimp total catch (area 1911.15
fathom depths) with river discharge variables for the eighteen year (1960-1977)data set. •

orrA
1• ()353u
0.43590

-3.fl5906
0.28143

-4.£,9781
-2.05062

3.:')6377
-1.b6036

3.04094
-0.26487

1.49095
2.02284

-0.24408
2.03428

-j.'l./227
O.B 1797
0.L'9147

B
0.7616136E-01
0.6~03814E-01

-0.1794355
0.61677U2E-02

-0.2070181
-0.3106305E-01
0.7:J48233E-01

-0.9949240£-02
0.4463097

-0.2479108E-02
0.3260593E-01
0.4454437£-01

-0.8158570E-01
0.1681371

-0.7139574£-01
0.7162061£-01
0.1489105£-01
-5.072349

SIMPLE R
0.42936

-0.25331
0.23709

-0.41793
-0.0/626
0.05064

-0.08033
-0.20551
-0.09807
-0.13900
0.21263
0.00416

-0.06407
0.06789

-0.29470
-0.04083
-0.13071

MULTIPLE R
0.42936
0.71171
0.76456
0.81749
0.84893
0.90651
0.93452
0.94056
0.94620
0.96264
0.96873
0.97073
0.98041
0.98351
0.98519
0.99948
1.00000

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -DEPENDENT VARIABLE•• VAR68 TOT CAT 19 DPTH 3 .(POUNDS,HEADS OFF) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.18435 0.18435
0.50652 0.32217
0.58456 0.07803
0.66828 0.08372
0.72069 0.05240
0.82176 0.10107
0.87332 0.05156
0.88465 0.01133
0.89529 0.01065
0.92667 0.03138
0.93843 0.01176
0.94231 0.00388
0.96120 0.01889
0.96729 0.00609
0.97061 0.00331
0.99897 0.02836
1.00000 0.00103

VARIABLE (UNITSGIVEN IN TABLE 4)
VAR22 OCT-DEC GUAD DIS
VAR83 LAG OCT-DEC MISS DIS
VAR85 LAG OCT-DEC GUAD DIS
VAR52 LAG ANNUAL ATCH DIS
VAR21 APR-JUN GUAD DIS
VAR24 OCT-DEC TRIN DIS
VAR38 LAG ANNUAL GUAD DIS
VAR39 LAG ANNUAL TRIN DIS
VAR20 OCT-DEC MISS DIS
VAR45 APR-JUN TRIN DIS
VAR16 ANNUAL GUAD DIS
VAR84 LAG OCT-DEC TRIN DIS
VAR19 JUL-SEP MISS DIS
VAR86 JAN-MAR GUAD DIS
VAR51 ANNUAL ATCH DIS
VAR18 APR-JUN MISS DIS
VAR23 JUL-SEP TRIN DIS
(CONSTANT>

wwco

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

SEE TABLES6 AND 2 FOR REFERENCENUMBER AND VARIABLENAME, RESPECTIVELY.



Table 154. Summary of results of stepwise multiple regression analysis of white shrimp interview catch/effort (area 18)
with river discharge variables for the eighteen year (1960-1977)data set

VARIABLE (UNITSGIVEN IN TABLE 4)
VAR18 APR-JUN MISS DIS
VAR84 LAG OCT-DEC TRIN DIS
VAR51 ANNUAL ATCH DIS
VAR81 JAN-t~ARTRIN DIS
VAR19 JUL-SEP MISS DIS
VAR80 JAN-MAR MISS-DIS
VAR52 LAG ANNUAL ATCH DIS
VAR38 LAG ANNUAL GUAD DIS
VAR24 OCT-DEC TRIN DIS
VAR22 OCT-DEC GUAD DIS
VAR45 APR-JUN TRIN DIS
VAR86 JAN-MAR GUAD DIS
VAR39 LAG ANNUAL TRIN DIS
VAR16 ANNUAL GUAD DIS
VAR85 LAG OCT-DEC GUAD DIS
VAR23 JUL-SEP TRIN DIS
VAR20 OCT-DEC MISS DIS
(CONSTANT)

MULTIPLE R
0.59860
0.67089
0.77913
0.81622
0.84564
0.86846
0.89715
0.91679
0.95047
0.98054
0.98652
0.99159
0.99358
0.99860-
0.99904
0.99988
1.00000

DEPENDENT VARIABLE•• CTEF18 CAT-EFF 18 (POUNDS,HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.35832 0.35832
0.45009 0.09177
0.60705 0.15696
0.66621 0.05916
0.71511 0.04890
0.75423 0.03912
0.80487 0.05064
0.84050 0.03563
0.90340 0.06290
0.96146 0.05806
0.97322 0.01177
0.98326 0.01003
0.98720 0.00394
0.99720 0.01001
0.99809 0.00088
0.99975 0.00167
1.00000 0.00025

SIMPLt:.R
0.59860

-0.11896
0.59242
0.36677
0.27443
0.28673
0.21279
0.16092
0.32637
0.23020
0.32675
0.24906

-0.06121
0.40891

-0.02551
0.22019
0.48267

B
-2.901050

-0.8163tl48
0.5462098
1.413881

-8.053846
-4.152068
0.9011994

-0.5888414
0.9631038
-2.602956
0.6340946E-Ol
-1.945596
0.6ti22768E-Ol
0.6113307
-1.093590
0.4189975
0.5451734
327.6032

BETA
-0.80577
-1.302/5
0.60882
2.2/122

-0.,8,97
-0.06,70

1.00005
-0.63817

1 • ~3113
-1.3')927

0.16476
-u.57241
0.7/690
0.67982

-0.57198
0.1~945
0.09034

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 155. Summary of results of stepwise multiple regression analysis of white shrimp Interview catch/effort (area 19)
with river discharge variables for the eighteen year (1960-1977)data set.

DEPENDENT VARIABLE•• CTEF19 CAT-EFF 19 (POUNDS,HEADS OFF/DAY)

w
.J:>
a

VARIABLE (UNITS GIVEN IN TABLE 4)
VAR15 ANNUAL MISS DIS
VAR85 lAG OCT-DEC GUAD DIS
VAR84 LAG OCT-DEC TRIN DIS
VAR81 JAN-MAR TRIN DIS
VAR24 OCT-DEC TRIN DIS
VAR19 JUl-SEP MISS DIS
VAR37 lAG ANNUAL MISS DIS
VAR38 lAG ANNUAL GUAD DIS
VAR45 APR-JUN TRIN DIS
VAR20 OCT-DEC MISS DIS
VAR39 lAG ANNUAL TRIN DIS
VAR46 JUL-SEP GUAD DIS
VAR17 ANNUAL TRIN DIS
VAR86 JAN-MAR GUAD DIS
VAR21 APR-JUN GUAD DIS
VAR83 lAG OCT-DEC MISS DIS
(CONSTANT)

MULTIPLE R
0.69445
0.77109
0.86625
0.88060
0.89570
0.90741
0.91597
0.95554
0.96472
0.97347
0.98725
0.99174
0.99501
0.99530
0.99533
0.99544

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.48226 0.48226
0.59457 0.11231
0.75039 0.15582
0.77545 0.02506
0.80227 0.02682
0.82339 0.02112
0.83901 0.01562
0.91306 0.07406
0.93069 0.01763
0.94765 0.01696
0.97466 0.02701
0.98356 0.00890
0.99004 0.00648
0.99061 0.00057
0.99068 0.00007
0.99090 0.00022

SIMPLE R
0.6Y445
0.52519
0.20055
0.61563
0.52115
0.42348
0.25903
0.50557
0.26555
0.50055
0.18711
0.366:.0
0.6tl442
0.52301
0.27805
0.44629

B
-1.049802
1.250603

-0.7603354
0.2041150E-01

-0.2970403
0.1927140
1.762400

-1.011993
-0.5411061

4.166147
0.7016695E-01

-0.8484262
0.6453881

-0.2/37978E-01
-0.2148277
-0.6632155
-119.6158

BETA
-0.69404
0.77314

-1.43412
0.03876

-0.55817
0.01657
1.16366

-1.29637
-1.661B7
0.81597
0.33660

-0.23984
3.10313

-0.00952
-0.14013
-0.12037

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 156. Summary of results of stepwise multiple regression analysis of white shrimp interview catch/effort (area 19,
11·15 fathom depths) with river discharge variables for the eighteen year (1960·1977)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENT VARIABLE •• CTEF193 CAT-EFF 19 DPTH 3 (POUNDS~ HEADS OFF/DAY)

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 4) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR85 LAG OCT-DEC GUAD DIS 0.64768 0.41949 0.41949 0.64768 4.344256 3.04488
VAR18 APR-JUN MISS DIS 0.73986 0.54739 0.12791 0.45127 2.7'8705 1.02680
VAR80 JAN-MAR MISS DIS 0.83493 0.69711 0.14972 -0.0"/747 4.303151 1.34120
VAR86 JAN-MAR GUAD DIS 0.86050 0.74046 0.04335 0.42099 -0.8737216 -0.34451
VAR81 JAN-MAR TRIN DIS 0.87436 0.76451 0.02404 0.60605 -0.1762632 -0.37943

w VAR84 LAG OCT-DEC TRIN DIS 0.90090 0.81162 0.04712 0.24775 -0.6~32926 -1.48256.p:..
•...... VAR24 OCT-DEC TRIN DIS 0.91336 0.83424 0.02261 0.06335 -0.6tl25311 -1.45408

VAR39 LAG ANNUAL TRIN DIS 0.93296 0.87042 0.03618 -0.03629 -0.7077824E-01 -0.38494
VAR22 OCT-DEC GUAD DIS 0.94532 0.89364 0.02322 0.08751 1.017979 0.71237
VAR38 LAG ANNUAL GUAD DIS 0.96006 0.92171 0.02808 0.31202 -0.9853633 -1.43101
VAR19 JUL-SEP MISS DIS 0.97889 0.95823 0.03652 0.26288 7.Y71002 0.77716
VAR37 LAG ANNUAL MISS DIS 0.98593 0.97206 0.01383 -0.09260 0.4866398 0.36429
VAR51 ANNUAL ATCH DIS 0.99785 0.99570 0.02364 0.22279 -0.6007846 -0.89738
VAR46 JUL-SEP GUAD DIS 0.99870 0.99741 0.00170 0.29154 0.4204967 0.13477
VAR23 JUL-SEP TRIN DIS 0.99973 0.99947 0.00206 0.34689 -0.4297121 -0.27411
VAR52 LAG ANNUAL ATCH DIS 1.00000 1.00000 0.00053 -0.10397 0.2311279 0.34370
VAR20 OCT-DEC MISS DIS 1.00000 1.00000 0.00000 0.39179 -0.6Y52944E-Ol -0.01544
(CONSTANT) -341.5399
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -~-- - - - - - - - - - - - - - - - - - - - - -

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME~ RESPECTIVELY.



Table 157. Correlation matrix showing the simple bivariate Pearson product moment correlation coefficients between
all possible pairs of variables In the eighteen year (1960-1977)data set osed to relate white shrimp total catch
and Interview catch/effort variables to precipitation variables.

(UNITS GIYEN IN TNJl.E 4)
VAAl VAA2 VAA68 ClEf 18 ClEfl9 ClEF I9,S VAA25 . VAA26 VAA21 VAA28 VAR42 VAA4.s

VAAl 1.00000 0.41595 0.02852 0.78515 0.61861 0.08220 0.58528 0.66999 0.14901 -0.01832 0.00062 -0.17935
VAA2 0.47595 1.00000 -0.45911 0.56478 0.40435 -0.29268 0.02331 0.12484 -0.14824 0.01800 -0.04227 -0.17269
VAR68 0.02852 -0.45911 1.00000 -o.10}4 0.08196 0.41257 0.26499 0.06515 0.IU44\ 0.40102 0.10674 0.23943
ClEfl8 0.78575 0.56478 -0.1034 1.00000 0.69165 0.12168 0.50095 0.57027 0.30280 -0.0/654 -0.16921 -0.17409
ClEf 19 0.67661 0.40435 0.08196 0.69185 1.00000 0.55691 0.75162 0.67541 0.!H046 0.06157 0.07614 -0.06145
ClEF 193 0.06220 -0.29268 0.47257 0.12168 0.55891 1.00000 0.49:507 0.:53789 0.68627 -0.02278 0.02208 -0.16565
VAA25 0.58528 0.02331 0.26499 0.50095 0.75182 0.49:507 1.00000 0.76649 0.6790:5 0.17537 0.01058 o.onnw VAA26 0.66999 0.12484 0.06515 0.57027 0.67541 0.:5:5789 0.76649 1.00000 0.25729 -0.19411 0.12092 0.00190.J:::oN VAR27 0.14901 -0.14824 0.18441 0.30280 0.53046 0.6662/ 0.67903 0.25129 1.00000 -0.04149 -0.20196 -0.17037
VAR28 -0.01832 0.01800 0.40102 -0.01854 0.06157 -0.02278 0.17537 -0.19411 -0.04149 1.00000 0.16455 0.43021
VAR42 0.00062 -0.04227 0.10874 -0.16921 0.07814 0.02208 0.01058 0.12092 -0.20196 0.16455 1.00000 0.69654
VAR43 -0.17935 -0.17269 0.23943 -0.17409 -0.06145 -0.16565 o.onn 0.00190 -0.17037 0.43021 0.696)4 1.00000
VAR44 0.07687 -0.19209 0.25671 -0.12559 0.40374 0.64518 0.28066 0.39164 0.2/)91 -0.36357 0.09646 -0.14j:54
VAR82 0.52653 0.07496 -0.07716 0.26364 0.:54455 -0.04636 0.59707 0.60929 0.20706 -0.34967 -0.06346 -0.05944

VAA44 VAA82
VAAl 0.07687 0.52653
VAR2 -0.19209 0.07496
VAA68 0.25671 -0.07718
CTEfl8 -0.12559 0.26364
CTEfl9 0.40374 0.34455
CTEF I9:5 0.64518 -0.04638
VAA25 0.28068 0.59707
VAR26 0.39764 0.60929
VAR27 0.27591 0.20706
VAR28 -0.36357 -0.34987
VAR42 0.09648 -0.06346
VAR4:5 -0.14334 -0.05944
VAA44 1.00000 0.26451
VAR82 0.26451 1.00000

SEE T/aLES 6 AND Z fOR REFERENCE HUl4BER AND YARINJl.E IWE, RESPECTIYELY.



Table 158. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 18) with
precipitation variables for the eighteen year (1960-1977)data set.

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 4) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR44 LAG OCT-DEC FRE PREC 0.19209 0.03690 0.03690 -0.19209 -0.3392385 -0.30202
VAR26 APR-JUN FRE PREC 0.29154 0.08500 0.04810 0.12484 0.6052647E-Ol 0.06839

w VAR43 LAG JUL-SEP FRE PREC 0.36344 0.13209 0.04709 -0.17269 -0.3~65149 -0.44842+:-
w VAR27 JUL-SEP FRE PREC 0.40227 0.16182 0.02973 -0.14824 -0.3002079 -0.32001

VAR42 LAG ANNUAL FRE PREC 0.42188 0.17798 0.01617 -0.04227 0.1019175 0.22308
VAR25 ANNUAL FRE PREC 0.43484 0.18909 0.01111 0.02331 0.1410416 0.30369
(CONSTANT) 21.01501

SEE TABLES 6 AND 2 fOR REFERENCE NUMBER AND VARIABLE NAME. RESPECTIVELY.



Table 159. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 19) with
precipitation variables for the eighteen year (1960-197n data set.

BETA
0.6L910

-0.23007
-0.52747
0.32987
0.34039
0.28208

-u.05752

B
0.6130133

-0.2845474
-0.4617544
0.4124275
0.5475690
0.1419010

-0.2941558E-01
9.019320

SIMPLE R
0.66999
0.07687

-0.17935
-0.01832
0.52653
0.00062
0.58528

MULTIPLE R
0.66999
0.70112
0.73356
0.74964
0.77485
0.79840
0.79881

TOT CAT 19 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.44889 0.44889
0.49157 0.04268
0.53811 0.04655
0.56196 0.02384
0.60040 0.03844
0.63744 0.03704
0.63810 0.00066

VAR1

(UNITS GIVEN IN TABLE 4)
APR-JUN FRE PREC
LAG OCT-DEC FRE PREC
LAG JUL-SEP FRE PREC
OCT-DEC FRE PREC
JAN-MAR FRE PREC
LAG ANNUAL FRE PREC
ANNUAL FRE PREC

DEPENDENT VARIABLE ••

VARIABLE
VAR26
VAR44
VAR43
VAR28
VAR82
VAR42
VAR25
(CONSTANT>

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 160. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 19, 11·15
fathom depths) with precipitation variables for the eighteen year (1960-1977)data set.

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 4) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR28 OCT-DEC FRE PREC 0.40102 0.16082 0.16082 0.40102 0.1374166 0.49305
VAR44 LAG OCT-DEC FRE PREC 0.58950 0.34751 0.18669 0.25671 0.1287525 0.46700w VAR27 JUL-SEP FRE PREC 0.59539 0.35448 0.00697 0.1tl441 0.2095055E-01 0.09100

"""Ul VAR43 LAG JUL-SEP FRE PREC 0.60126 0.36151 0.00703 0.23943 0.4108940E-01 0.21056
VAR42 LAG ANNUAL FRE PREC 0.60868 0.37050 0.00898 0.10874 -0. 166,420E-01 -0.14852
VAR82 JAN-MAR FRE PREC 0.60995 0.37204 0.00155 -0.0/718 -0.1576338E-01 -U.04396
(CONSTANT> -1.858162

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 161. Summary of results of stepwise multiple regression analysis of white shrimp Interview catch/effort (area 18)
with precipitation variables for the eighteen year (1960-1977)data set.

VARIABLE (UNITS GIVEN IN TABLE 4)
VAR26 APR-JUN FRE PREC
VAR44 LAG OCT-DEC FRE PREC
VAR27 JUL-SEP FRE PREC
VAR43 LAG JUL-SEP FRE PREC
VAR82 JAN-MAR FRE PREC
VAR25 ANNUAL FRE PREC
VAR42 LAG ANNUAL FRE PREC
(CONSTANT)

MULTIPLE R
0.57027
0.68752
0.72866
0.75678
0.76655
0.76966
0.77182

DEPENDENT VARIABLE•• CTEF18 CAT-EFF 18 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.32521 0.32521
0.47268 0.14747
0.53094 0.05826
0.57271 0.04177
0.58761 0.01489
0.59237 0.00477
0.59571 0.00334

SIMPLE R
0.57027

-0.12559
0.302tlO

-0.17409
0.26384
0.50095

-0.16921

B
8.519177

-5.772445
3.305054

-0.9421408
-1.823859
-1.129049

-0.4076612
184.7906

BETA
0.95380

-0.50918
0.34919

-0.11741
-0.12369
-0.24087
-0.08841

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 162. Summary of results of stepwise multiple regression analysis of white shrimp interview catch/effort (area 19)
with precipitation variables for the eighteen year (1960-1977)data set.

VARIABLE (UNITS GIVEN IN TABLE 4)
VAR25 ANNUAL FRE PREC
VAR44 LAG OCT-DEC FRE PREC
VAR82 JAN-MAR FRE PREC
VAR26 APR-JUN FRE PREC
VAR43 LAG JUL-SEP FRE PREe
VAR42 LAG ANNUAL FRE PREC
(CONSTANT)

MULTIPLE R
0.75182
0.77817
0.79377
0.80734
0.81362
0.82275

DEPENDENT VARIABLE•• CTEF19 CAT-EFF 19 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.56524 0.56524
0.60555 0.04032
0.63008 0.02452
0.65180 0.02173
0.66198 0.01018
0.67692 0.01494

SIMPLI::.R
0.7~182
0.40374
0.34455
0.67541

-0.06145
0.07814

B
2.904241
1.304061

-3.059432
1.415182

-1.637400
0.7"197656
-6.3.94570

BETA
0.73235
0.13596

-0.24525
0.18728

-0.24119
0.18707

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 163. Summary of results of stepwise multiple regression analysis of white shrimp Interview catch/effort (area 19,
11-15 fathom depths) with precipitation variables for the eighteen year (1960·1977)data set.

VARIABLE (UNITS GIVEN IN TABLE 4)
VAR27 JUL-SEP FRE PREC
VAR44 LAG OCT-DEC FRE PREC
VAR82 JAN-MAR FRE PREC
VAR25 ANNUAL FRE PREC
VAR43 LAG JUL-SEP FRE PREC
VAR42 LAG ANNUAL FRE PREC
VAR26 APR-JUN FRE PREC
(CONSTANT)

nErA
O.3tJb43
0.51417

-0.5143)
0.36402

-0.17269
0.12"/88
0.05323

B
2.1£9850
4.349742

-5.659324
1.2/3289

-1.034077
0.4400104
0.3'48081
-86.72861

SIMPLE R
0.6H627
0.64518

-0.04638
0.49307

-0.16565
0.02208
0.33789

MULTIPLE R
0.68627
0.83419
0.88811
0.91305
0.91692
0.92148
0.92178

CAT-EFF 19 DPTH 3 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.47097 0.47097
0.69587 0.22490
0.78874 0.09287
0.8336' 0.04492
0.84074 0.00708
0.84913 0.00839
0.84969 0.00056

CTEF193DEPENDENT VARIABLE••

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 164. Correlation matrix showing the simple bivariate Pearson product moment correlation coefficients between
all possible pairs of variables In the eighteen year (1960-1977)data set used to relate white shrimp total catch
and Interview catch/effort variables to temperature variables.

\UHITS GIVEN IN TABLE 41
VARI VAR2 VAR68 CTEfl8 CTEF19 CTEf19j VAR29 VAR30 VAR40 VAR41

VARI 1.00000 0.47595 0.02852 0.78575 0.6"/861 0.08220 -0.21282 0.12676 -0.011l51 -0.0/818
VAR2 0.47595 1.00000 -0.45911 0.56478 0.40435 -0.29268 0.44111 0.41840 0.10932 0.3~438
VAR68 0.02852 -0.4591 I 1.00000 -0.1034 0.08196 0.47257 -0.09160 -0.30434 -0.03974 -0.51'23

w CTEf16 0.78515 0.56418 -0.14334 1.00000 0.69185 0.12168 -0.22503 0.05453 -0.29431 -0.01176~ CTEf19 0.67861 0.4005 0.08196 0.69185 1.00000 0.55891 -0.2408 -0.20041 -0.23950 -0.02656~ CTEf193 0.06220 -0.29268 0.47257 0.12166 0.55891 1.00000 -0.43223 -0.50555 -0.13775 -0.30111
VAR29 -0.21282 0.44lt 1 -0.09160 -0.22503 -0.24438 -0.43223 1.00000 0.42417 0.45642 0.Oli582
VAR30 0.12676 0.41840 -0.30434 0.05453 -0.20041 -0.50555 0.42417 1.00000 -0.03663 0.14492
VAR40 -0.08151 0.10932 -0.03974 -0.29431 -0.23950 -0.13775 0.45642 -0.03663 1.00000 0.04301
VAR41 -0.07818 0.35438 -0.57523 -0.01176 -0.02656 -0.30111 0.08562 0.14492 0.04301 1.00000

SEE TABLES Ii A/lD Z FOR REFERENCE NlJM6ER AND VARIABLE NAME. RESPECTIVELY.



Table 165. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 18) with
temperature variables for the eighteen year (1960·1977)data set.

BETA
0.52890
0.52492

-0.38433
0.10895

B
1.7u1908

0.4936042
-1.412598
0.4968731E-01
3.221232

SIMPLE R
0.52624
0.44111

-0.06244
0.42244

MULTIPLE R
0.52624
0.65944
0.75580
0.76151

(UNITS GIVEN IN TABLE 4)
FEB NOS GAL MIN TEMP
APR-JUN FRE DAYS GT 90 F
JAN NOS GAL MIN TEMP
JUL-SEP FRE DAYS GT 90 F

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENT VARIABLE •• VAR2 TOT CAT 18 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.27693 0.27693
0.43486 0.15794
0.57124 0.13638
0.57990 0.00866

VARIABLE
VAR41
VAR29
VAR40
VAR30
(CONSTANT)
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

w~ SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.

Table 166. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 19) with
temperature variables for the eighteen year (1960-1977)data set.

VARIABLE
VAR40
VAR30
VAR29
VAR41
(CONSTANT)

(UNITS GIVEN IN TABLE 4)
JAN NOS GAL MIN TEMP
JUL-SEP FRE DAYS GT 90 F
APR-JUN FRE DAYS GT 90 F
FEB NOS GAL MIN TEMP

MULTIPLE R
0.26202
0.28711
0.34339
0.35377

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.06865 0.06865
0.08243 0.01378
0.11792 0.03549
0.12515 0.00723

SIMPLt:R
-U.26202
0.12822

-0.21282
0.07053

B
-0.6::>51511
0.1064808

-0.2476730
0.3138050
20.82282

BETA
-0.15983
0.20936

-0.23617
0.08745

SEE TABLES 6 AND 2 fOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 167. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 19,11-15
fathom depths) with temperature variables for the eighteen year (1960-1977)data set.

BETA
-u.50015
-0.28094

0.10747
-0.08101

B
-0.4259313
-0.3390850E-01

0.2674530E-01
-0.7880611E-01

8.169934

SIMPLE R
-0.54395
-0.30267
-0.09160
-0.10235

MULTIPLE R
0.54395
0.5898j
0.59241
0.59627

(UNITS GIVEN IN TABLE 4)
fEB NOS GAL MIN TEMP
JUL-SEP fRE DAYS GT 90 f
APR-JUN fRE DAYS GT 90 f
JAN NOS GAL MIN TEMP

~E;E~D~N~ ~A~I~B~E~.- - ;~6~ - - -T~T-C~T-1~ ~P~H-3- (-PO~~DS-,-HE-AD-S-Oif)-;1-0:5- - - - - - - - - - - - - - - - - --

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.29588 0.29588
0.34789 0.05201
0.35095 0.00305
0.35554 0.00459

VARIABLE
VAR41
VAR30
VAR29
VAR40
(CONSTANT)

SEE TABLES 6 AND 2 fOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.

Table 168_ Summary of results of stepwise multiple regression analysis of white shrimp Interview catch/effort (area 18)
with temperature variables for the eighteen year (1960·1977)data set.

(UNITS GIVEN IN TABLE 4)
JAN NOS GAL MIN TEMP
APR-JUN fRE DAYS GT 90 F
JUL-SEP FRE DAYS GT 90 f

MULTIPLE R
0.29431
0.31146
0.32986

DEPENDENT VARIABLE ••

VARIABLE
VAR40
VAR29
VAR30
(CONSTANT)

CTEf18 CAT-EfF'18 (POUNDS, HEADS Off/DAY>
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.08662 0.08662
0.09701 0.01039
0.10881 0.01180

SIMPLl: R
-0.29431
-0.22503

0.05453

B
-7.801110
-1.818429
0.6183171

204.1Y34

BETA
-0.20562
-0.1 tl426
0.12516

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 169. Summary of results of stepwise multiple regression analysis of white shrimp IntelVlew catch/effort (area 19)
with temperature variables for the eighteen year (1960-1971)data set.

(UNITS GIVEN IN TABLE 4)
APR-JUN FRE DAYS GT 90 F
JAN NOS GAL MIN TEMP
JUL-SEP FRE DAYS GT 90 F

MULTIPLE R
0.24438
0.28355
0.32285

DEPENDENT VARIABLE ••

VARIABLE
VAR29
VAR40
VAR30
(CONSTANT>

CTEF19 CAT-EFF 19 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.05972 0.05972
0.08040 0.02068
0.10423 0.02383

SIMPLE R
-0.244j8
-0.23950
-0.20041

B
-0.5973846

-6.848184
-0.7434490

209.2353

BETA
-0.07155
-0.21336
-0.17787

~ SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.
N

Table 170. Summary of results of stepwise multiple regression analysis of white shrimp IntelView catch/effort (area 19,
11-15 fathom depths) with temperature variables for the eighteen year (1960-1977)data set.

(UNITS GIVEN IN TABLE 4)
JUL-SEP FRE DAYS GT 90 F
APR-JUN FRE DAYS GT 90 F
FEB NOS GAL MIN TEMP
JAN NOS GAL MIN TEMP

BETA
-0.37206
-0.24052
-0.22518
-0.03191

B
-1.371631
-1.771243
-~.623129

-0.9034756
214.6657

S IMPLI: R
-0.50555
-0.43223
-0.30111
-0.13775

MULTIPLE R
0.50555
0.55983
0.60292
0.60353

CAT-EFF 19 DPTH 3 (POUNDS, HEADS OFF/DAY>
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.25558 0.25558
0.31341 0.05784
0.36351 0.05010
0.36425 0.000/4

CTEF193

VARIABLE
VAR30
VAR29
VAR41
VAR40
(CONSTANT>

DEPENDENT VARIABLE ••

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - -- -:.:.-- - - - - - --
SEE TABLES 5 AND 1 FOR REFERENCE NU~BER AND VARIABLE NAME, RESPECTIVELY.



Table 171. Correlation matrix showing the simple bivariate Pearson product moment correlation ~oeffi~lents between
all possible pairs of variables In the eighteen year (1960·1977)data set used to relate white shnmp total catch
and interview catch/effort variables to wind and tide variables.

(UNITS GIVEN IN TlISLE 41

VARI VAR2 VAA68 CTEfl8 CTEfl9 CTEfl9j VAR31 VAR32 VAtn3 VAR34 vAIn5 VAR36
VARI 1.00000 0.47595 0.02852 0.78575 0.67861 0.08220 -0.194~8 0.31323 0.134-25 0.31316 -0.34876 0.12389
VAA2 0.47595 1.00000 -0.45911 0.56478 0.40435 -0.29268 -0.64244 -0.19425 0.70926 0.65511 -0.00711 -0.10561
VAR68 0.02852 -0.45911 1.00000 -0.14334 0.08196 0.47257 0.31861 0.19907 -0.44293 -0.34722 0.11333 -0.11719
CTEfl8 0.78575 0.56478 -0.14334 ,1.00000 0.69185 0.12168 -0.23846 0.28954 0.37952 0.45698 -0.25707 0.12961
CTEf19 0.67861 0.40435 0.08196 0.69185 1.00000 0.55891 0.22141 0.43986 0.32630 0.30906 -0.08815 0.01735
CTEfl93 0.08220 -0.29268 0.47257 0.12168 0.55891 1.00000 0.67835 0.69295 -0.03332 -0.06075 -0.00465 -0.09243
VAR31 -0.19458 -0.64244 0.31861 -0.23846 0.22141 0.67835 1.00000 0.41147 -0.30131 -0.38673 0.0/814 -u.04232
VAR32 0.31323 -0.19425 0.19907 0.28954 0.43986 0.69295 0.41147 1.00000 -0.23406 -0.21651 -0.18081 -0.20010w VAR33 0.13425 0.70926 -0.44293 0.37952 0.32630 -0.03332 -0.30131 -0.23406 1.00000 0.55564 -0.10434 -0.01301(]l

w VAR34 0.31316 0.65511 -0.34722 0.45698 0.30906 -0.06075 -0.38673 -0.21651 0.55564 1.00000 -0.12568 0.06975
VAR35 -0.34876 -0.00711 0.11333 -0.25707 -0.08815 -0.00465 0.07814 -0.18081 -0.10434 -0.12588 1.00000 -0.34294
VI\IU6 0.12389 -0.10561 -0.11719 0.12961 0.01735 -0.09243 -0.04232 -0.20010 -0.01301 0.06975 -0.34294 1.00000
VAR87 -0.19336 -0.68023 0.39276 -0.28708 0.18079 0.62229 0.92663 0.36700 -0.36505 -0.38458 0.11998 0.09555
VAR88 0.55809 0.04843 0.07645 0.27525 0.21161 0.14127 -0.03346 0.60542 -0.0/187 -0.17505 -0.50733 -0.2jI30
VAR89 -0.01621 -0.23867 0.04730 -0.03892 0.06961 0.38379 0.46277 0.61449 -0.34 n -0.36363 0.3)994 -0.40~74
VAR90 0.16425 -0.19765 0.22683 0.29066 0.49348 0.75327 0.40292 0.84476 -0.13985 -0.05917 -0.15513 0.01606
VAR91 -0.02462 -0.19961 0.37464 -0.01646 0.08350 0.09620 0.23419 -0.10793 0.05720 0.00734 -0.06421 -0.23316
VAR92 0.09217 0.14140 0.21145 0.12995 0.20604 0.21403 0.18675 0.20842 -0.06907 0.17762 0.55063 -0.21530
VAR93 -0.40762 -0.25016 -0.23459 -0.26054 -0.47506 -0.18363 -0.04632 -0.30613 -0.00692 -0.02665 -0.2666u 0.64/09
VAH94 0.55946 0.24691 0.17759 0.38350 0.40058 -0.13216 -0.19004 -0.20942 0.08266 0.05934 -0.04667 0.37607
VAR95 -0.05273 -0.24001 -0.18366 0.02495 0.05111 0.23506 0.24558 0.26982 -0.12966 0.08673 -0.22699 0.56660
VAR96 -0.46505 0.02879 -0.33874 -0.33444 -0.16244 -0.21665 0.02804 -0.32542 0.11416 -0.28891 0.24406 0.21929
VAR97 0.12985 0.60102 -0.30751 0.26023 0.23908 -0.18573 -0.24457 -0.49185 0.66922 0.39713 0.00274 0.06396
VAR98 0.12179 0.64797 -0.51896 0.23554 0.19456 0.00171 -0.22333 -0.05844 0.76495 0.69794 -0.14897 -0.12268
VAR99 0.39261 0.55122 -0.25923 0.43521 0.38436 -0.02312 -0.21225 -0.17305 0.46367 0.73620 -0.01473 0.16587
VAR100 0.20443 0.35927 -0.07433 0.35970 0.31150 0.44224 -0.30398 -0.01191 0.23754 0.82531 -0.16221 0.02621
VARIOI 0.19401 0.69233 -0.50155 0.29669 0.34044 -0.03660 -0.18027 -0.Oli311 0.64504 0.50093 0.29025 -0.50519



Table 171 continued

VAR87 VAR88 VAR89 VAR90 VAR91 VJ\R92 VAR93 VAR94 VAR95 VAR96 VAR97 VAH9UVARI -0.19336 0.55809 -0.01621 0.16425 -0.02462 0.09217 -0.40762 0.55946 -0.05273 -0.46~05 0.12965 0.12179VAR2 -0.68023 0.04843 -0.23867 -0.19765 -0.19981 0.14140 -0.25016 0.24691 -0.24001 0.02879 0.60102 0.64197VAR68 0.39216 0.07645 0.04730 0.22683 0.37464 0.21145 -0.23459 0.17759 -0.18366 -0.33874 -0.307~1 -0.51696CTEf18 -0.28708 0.27525 -0.03892 0.29066 -0.01648 0.12995 -0.26054 0.38350 0.02495 -0.33444 0.26023 0.23554CTEf19 0.18079 0.21161 0.06961 0.49348 0.08350 0.20604 -0.47506 0.40058 0.05111 -0.16244 0.23908 0.1945bCTEfl93 0.62229 0.14127 0.38379 0.75321 0.09620 0.21403 -0.18363 -0.13216 0.23508 -0.21665 -0.18;73 0.00171VAR31 0.92663 -0.0:S346 0.46217 0.40292 0.23419 0.18675 -0.04832 -0.19004 0.24558 0.02804 -0.24457 -0.22n3w VAR32 0.36700 0.60542 0.61449 0.84476 -0.10793 0.20842 -0.30613 -0.20942 0.211982 -0.32542 -0.49185 -0.05844111 VAR33 -0.36505 -0.07187 -0.34373 -0.13985 0.05720 -0.06907 -0.00892 0.08288 -0.12906 0.11416 0.88922 0.76495.p.
VAR34 -0.38458 -0.17505 -0.36363 -0.05917 0.00734 0.11762 -0.02685 0.05934 0.Otl613 :'0.28891 0.39/13 0.69194VAR35 0.11998 -0.50733 0.35994 -0.15513 -0.06421 0.55083 -0.28880 -0.04667 -0.22899 0.24406 0.00274 -0.14697VAR36 0.09555 -0.23130 -0.40574 0.01806 -0.23318 -0.21530 0.64709 0.37807 0.56660 0.21929 0.06398 -0.12288
VAR87 1.00000 -0.09038 0.37339 0.41000 0.29922 0.23749 -0.02185 -0.15942 0.43045 0.OU095 -0.30422 -0.29411VAR88 -0.09038 1.00000 0.32627 0.19555 0.05038 -0.22817 -0.36445 0.02441 -0.02567 -0.40372 -0.201l92 0.01777VAR89 0.37339 0.32627 1.00000 0.25948 -0.14883 0.31072 -0.34036 -0.34235 0.12999 -0.04133 -0. 46!.l43 -0.17238VAR90 0.41000 0.195~5 0.25948 1.00000 -0.11219 0.28214 -0.09488 -0.16038 0.37474 -0.23699 -0.39777 -0.01488VAR91 0.29922 0.05038 -0.14883 -0.11219 1.00000 -0.01337 -0.35111 0.02414 -0.04512 -0.26612 0.13366 -0.20983VAR92 0.25749 -0.22817 0.31072 0.28214 -0.07337 1.00000 -0.36945 0.04799 -0.02243 -0.16506 -0.12770 0.13526VAR93 -0.02185 -0.36445 -0.34036 -0.09488 -0.35111 -0.36945 1.00000 -0.30220 0.42368 0.39014 0.05684 0.11792VAR94 -0.15942 0.02441 -0.34235 -0.16038 0.02414 0.04799 -0.30220 1.00000 -0.31915 -0.24550 0.26849 -0.28221VAR95 0.43045 -0.02567 0.12999 0.37414 -0.04512 -0.02243 0.42368 -0.31975 1.00000 0.28160 -0.35579 0.02428VAR96 0.08095 -0.40372 -0.04133 -0.23699 -0.26612 -0.16506 0.39014 -0.24550 0.28160 1.00000 0.16263 0.02402VAR97 -0.30422 -0.20892 -0.46943 -0.39717 0.13386 -0.12770 0.05684 0.26849 -0.35~79 0.16263 1.00000 0.59455VAR98 -0.29411 0.01777 -0.17238 -0.01488 -0.20983 0.13526 0.11792 -0.28221 0.02428 0.02402 0.59455 1.00000VAR99 -0.21015 0.01883 -0.18305 -0.17765 -0.02357 0.17520 -0.06945 0.24611 0.09401 -0.07172 0.42186 0.53045VARIOO -0.19710 -0.25547 -0.31861 0.40312 0.11364 0.18844 -0.06640 -0.02530 0.20090 -0.46\195 0.02727 0.36682VAR101 -0.33263 -0.00755 0.10446 -0.16128 -0.02641 0.11366 -0.32514 -0.16611 -0.3~900 -0.00141 0.59610 0.69204



Table 171 continued

VAR99 VARIOO VARIOI
VARI 0.39261 0.20443 0.19401
VAR2 0.55122 0.35927 0.69233
VAR68 -0.25923 -0.07433 -0.50155
CTEFI8 0.43521 0.35970 0.29869
CTEFl9 0.38436 0.31150 0.34044
CTEFI93 -0.02312 0.44224 -0.03860
VAR31 ~0.21225 -0.30398 -0.18027
VAR32 -0.17305 -0.01191 -0.08311

w VAR33 0.46367 0.23754 0.64504
(J1 VAR34 0.73820 0.82531 0.50093(J1 VAR35 -0.01473 -0.16221 0.29025

VAR36 0.18587 0.02821 -0.50519
VAR87 -0.27015 -0.19710 -0.33263
VAR88 0.01883 -0.25547 -0.00755
VAR89 -0.18305 -0.31861 0.10446
VAR90 -0.17165 0.40312 -0.16128
VAR91 -0.02357 0.11364 -0.02641
VAR92 0.17520 0.18844 0.11366
VAR93 -0.06945 -0.06640 -0.32514
VAR94 0.24611 -0.02530 -0.16611
VAR95 0.09401 0.20090 -0.35900
VAR96 -0.07172 -0.46995 -0.00141
VAR97 0.42186 0.02727 0.59810
VAR98 0.53045 0.36682 0.69204
VAR99 1.00000 0.27870 0.46431
VARIOO 0.27870 1.00000 0.21253
VAR101 0.46431 0.21253 1.00000

SEE TABLES 6 AND :z fOR REfERENCE NIHlER AND VARIABLE HAlE, RESPECTIVELY.



Table 172. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 18) with wind
and tide variables for the eighteen year (1960-1977)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENT VARIABLE •• VAA2 TOT CAT 18 (POUNDS, HEADS OFF) X 10-5

SUMMAAYTABLE
VARIABLE (UNITS GIVEN IN TABLE 4) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR33 APR-JUN FRE MEAN HI TIDE 0.74748 0.55873 0.55873 0.74748 -13.~5177 -1.31415
VAR87 JUNE GAL FASTEST WIND 0.82516 0.68089 0.12216 -0.61599 -2.3~6957 -2.22715

w VAR92 JUN GAL FAST WIND DIR 0.87469 0.76508 0.08419 0.16513 0.6l142686E-Ol 0.67285
rn VAR93 JUL GAL FAST WIND DIR 0.88548 0.78408 0.01900 -0.2/029 -0.1280885 -1.10785en

VAR95 SEP GAL FAST WIND DIR 0.90445 0.81802 0.03394 -0.27863 0.2323493 1.41617
VAR97 JUN FRE HI TIDE 0.93917 0.88204 0.06402 0.62740 23.53615 1.90012
VAR96 OCT GAL FAST WIND DIR 0.95861 0.91893 0.03689 -0.05605 0.4239536E-Ol 0.32713
VAR35 APR-JUN GAL MEAN FAST WIND DIR 0.97510 0.95083 0.03190 -0.0/281 -0.3051540E-Ol -0.14567
VAR31 APR-JUN GAL MEAN FASTEST WIND 0.98760 0.97534 0.02452 -0.53172 1.429852 0.tl1661
VAR100 SEP FRE H I TIDE 0.99388 0.98780 0.01246 0.40469 5.074007 0.85602
VAR34 JUL-SEP FRE MEAN HI TIDE 0.99832 0.99665 0.00885 0.6L501 -12.50405 -1.15190
VAR98 JUL FRE HI TIDE 0.99956 0.99912 0.00247 0.7L415 3.Y56534 0.29767
VAR32 JUL-SEP GAL MEAN FASTEST WIND 0.99981 0.99963 0.00051 0.06240 -0.2064914 -0.12286
VAR89 AUG GAL FASTEST WIND 1.00000 1.00000 0.00037 -0.12190 -0.8354268E-01 -U.OU097
(CONSTANT) 1.7~2797

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 173. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 19) with wind
and tide variables for the eighteen year (1960-1977)data set.

BETA
-0.12254

1.3':)796
1.6:.030

-1.31742
-1.17893

2.30387
-1.04390

0.45689
0.23455
0.16278
0.29736

-0.18598
-0.13961
-0.28122

B
-0.1391105E-01

1.584259
10.85231

-19.70102
-U.67805

32.10692
-1.165324
0.9000591
0.3419896E-01
0.3004739E-01
0.340231OE-01

-0.2158876
-0.2639990
-0.6898610E-Ol

-73.':)7077

SIMPLE R
0.61417
0.44594
0.29476
0.13986
0.21968
0.28525

-0.05145
-0.26532
-0.47964
-0.13201

0.11722
-0.11002

0.31839
0.18175

MULTIPLE R
0.61417
0.74827
0.85261
0.86941
0.88622
0.93420
0.96558
0.98083
0.98749
0.99664
0.99837
0.99894
0.99932
1.00000

(UNITS GIVEN IN TABLE 4)
AUG GAL FAST WIND DIR
JUL GAL FASTEST WIND
SEP FRE H I TIDE
JUL FRE H I TIDE
APR-JUN FRE MEAN HI TIDE
JUN FRE HI TIDE
OCT GAL FASTEST WIND
APR-JUN GAL MEAN FASTEST WIND
OCT GAL FAST WIND DIR
SEP GAL FAST WIND DIR
JUN GAL FAST WIND DIR
AUG GAL FASTEST WIND
JUL-SEP GAL MEAN FASTEST WIND
JUL-SEP GAL MEAN FAST WIND DIR

~E;E~D~N~ ~A~I~B~E~.- - ~~1- - - -T~T-C~T-1~ - (~O~N~S~ ~E~ ~ff)-X-1~-5 - - - - - - - - - - - - - - - - - - - - - -

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.37721 0.37721
0.55991 0.18270
0.72694 0.16703
0.75587 0.02893
0.78538 0.02951
0.87273 0.08735
0.93235 0.05963
0.96202 0.02967
0.97514 0.01312
0.99329 0.01815
0.99675 0.00346
0.99789 0.00114
0.99864 0.00075
1.00000 0.00136

VARIABLE
VAR94
VAR88
VAR100
VAR98
VAR33
VAR97
VAR91
VAR31
VAR96
VAR95
VAR92
VAR89
VAR32
VAR36
(CONSTANT>

SEE TABLES 6 AND 2 FOR REFERENCE NU~~ER AND VARIABLE NAME, RESPECTIVELY.



Table 174. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 19. 11·15
fathom depths) with wind and tide variables for eighteen year (1960·1977) data set.

BETA
-0.81125
-2.38208

0.45338
-0.39334
-U.29480
-2.26526

0.12872
1.W040
2.9/830
1.23137

-0.12171
0.45722

-0.23508
-0.50442

B
-2.737737

-0.9922950E-01
0.1187693

-0.101'637E-01
-0.5243887E-01

-1.007047
0.3242650E-01
0.3465098E-01
0.8002554

3.395773
-0.2930887

1.144743
-0.1250346E-01

-1.586379
12.75709

SIMPLE.R
-U.56514
-0.3,990
-0.16292

0.24708
-0.0/649

0.003,5
0.43040

-0.26230
0.16630

-0.27923
-0.48399
-0.41373

0.20894
-0.22729

MULTIPLE R
0.56514
0.66062
0.74241
0.79218
0.83948
0.89232
0.94981
0.97292
0.97737
0.99187
0.99647
0.99905
0.99961
1.00000

(UNITS GIVEN IN TABLE 4)
JUL FRE H I TIDE
SEP GAL FAST WIND DIR
AUG GAL FASTEST WIND
JUN GAL FAST WIND DIR
SEP GAL FASTEST WIND
APR-JUN GAL MEAN FASTEST WIND
OCT GAL FASTEST WIND
JUL GAL FAST WIND DIR
JUNE GAL FASTEST WIND
JUL-SEP FRE MEAN HI TIDE
OCT FRE HI TIDE
APR-JUN FRE MEAN HI TIDE
APR-JUN GAL MEAN FAST WIND DIR
JUN FRE HI TIDE

~E;E~D~NT ~A~I~~E~.- - ;~6~ - - -T~T-C~T-1~ ~PTH-3- ~P~U~D;,-HEADS-OFF) X 10=5- - - - - - - - - - - - - - - - - - .

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.31939 0.31939
0.43641 0.11703
0.55118 0.11476
0.62756 0.07638
0.70472 0.07716
0.79623 0.09151
0.90215 0.10592
0.94658 0.04445
0.95524 0.00866
0.98381 0.02856
0.99296 0.00916
0.99810 0.00514
0.99923 0.00113
1.00000 0.000/7

VARIABLE
VAR98
VAR95
VAR89
VAR92
VAR90
VAR31
VAR91
VAR93
VAR87
VAR34
VAR101
VAR33
VAR35
VAR97
(CONSTANT)

w
U1
ex>

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 175. Summary of results of stepwise multiple regression analysis of white shrimp Interview catch/effort (area 18)
with wind and tide variables for the eighteen year (1960-1977)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENT VARIABLE •• CTEF18 CAT-EFF 18 (POUNDS, HEADS OFF/DAY)

SUMI-1ARYTABL E
VARIABLE (UNITS GIVEN IN TABLE 4) MULTIPLE R R SQUARE RSQ CHANGE SIMPLI::. R B BLTA
VAR100 SEP FRE H I TIDE 0.47325 0.22397 0.22397 0.47325 93.21207 1 • ,5097
VAR97 JUN FRE HI TIDE 0.64250 0.41280 0.18884 0.43309 400.0320 3.1 u522
VAR32 JUL-SEP GAL MEAN FASTEST WIND 0.77365 0.59853 0.18573 0.31315 52.91407 3.10502
VAR98 JUL FRE HI TIDE 0.84178 0.70859 0.11005 0.26788 -649.2408 -4.tl1753

w VAR91 OCT GAL FASTEST WIND 0.89600 0.80281 0.09423 -0.03391 -12.34012 -1.22664U1
1.0 VAR90 SEP GAL FASTEST WIND 0.90922 0.82669 0.02388 0.3':1363 -9.131796 -1.L8554

VAR93 JUl GAL FAST WIND DIR 0.92065 0.84760 0.02091 -0.16915 -0.3066309 -0.L6157
VAR31 APR-JUN GAL MEAN FASTEST WINO 0.93396 0.87227 0.02467 -0.24724 3.642739 O.2051Y
VAR99 AUG FRE HI TIDE 0.94979 0.90210 0.02982 0.27870 188.9347 1.87795
VAR96 OCT GAL FAST WINO OIR 0.96045 0.92245 0.02036 -0.41763 1.488497 1.13280
VAR92 JUN GAL FAST WINO OIR 0.96199 0.92543 0.00297 0.04525 1.825055 1.76996
VAR89 AUG GAL FASTEST WIND 0.96415 0.92959 0.00416 -0.14200 -14.3~994 -1.3726l)
VAR94 AUG GAL FAST WIND DIR 0.99375 0.98754 0.05796 0.42645 -2.3~3494 -2.30040
VAR35 APR-JUN GAL MEAN FAST WIND DIR 1.00000 1.00000 0.01246 -0.26351 -2.670707 -1.25739
(CONSTANT> -632.0894
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 176. Summary of results of stepwise multiple regression analysis of whlfe shrimp interview catch/effort (area 19)
with wind and tide variables for the eighteen year (1960-1977)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENT VARIABLE •• CTEF19 CAT-EFF 19 (POUNDS. HEADS OFF/DAY)

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 4) MULTIPLE R R SQUARE RSQ CHANGE S IMPLl:R B BETA
VAR94 AUG GAL FAST WIND DIR 0.60965 0.37168 0.37168 0.60965 -0.3012640E-01 -u.03575
VAR10l OCT FRE H I TIDE 0.86890 0.75499 0.38331 0.46831 68.10881 0.tl5987
VAR100 SEP FRE HI TIDE 0.90712 0.82286 0.06787 0.37894 42.86581 0.tl6592
VAR96 OCT GAL FAST WIND DIR 0.93898 0.88169 0.05883 -0.13143 -0.2320197 -0.21437

w VAR99 AUG FRE HI TIDE 0.96050 0.92256 0.04087 0.41354 -58.92715 -0.711090'\
a VAR97 JUN FRE HI TIDE 0.97216 0.94510 0.02253 0.57518 160.3151 1.,4973

VAR98 JUL FRE HI TIDE 0.98100 0.96236 0.01726 0.23334 -175.3184 -1.57Y37
VAR95 SEP GAL FAST WIND DIR 0.98249 0.96529 0.00293 -0.22692 0.8688947 0.63413
VAR90 SEP GAL FASTEST WIND 0.98310 0.96649 0.00120 0.22548 -2.862304 -0.48919
VAR91 OCT GAL FASTEST WIND 0.98400 0.96825 0.00176 0.10382 -7.437291 -0.89753
VAR92 JUN GAL FAST WIND DIR 0.98525 0.97073 0.00248 0.11869 0.2892519 0.34057
VAR89 AUG GAL FASTEST WIND 0.98993 0.97997 0.00924 -0.25280 -4.854294 -O.~6335
VAR93 JUL GAL FAST WIND DIR 0.99449 0.98901 0.00904 -0.44334 -0.4085452 -0.42310
(CONSTANT) 172.7929- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME. RESPECTIVELY.



Table 177. Summary of results of stepwise multiple regression analysis of white shrimp Interview catch/effort (area 19,
11·15 fathom depths) with wind and tide variables for the eighteen year (1960·1977)data set.

BETA
-0.84531

1.54728
2.23571

-2.28809
2.15027

-0.37057
3.03136
4.84347
3.013060

-3.94356
-0.14183

2.76720
-1.13495
-1.24254

B
-26.69967
0.5694569

4.985949
-96.130927

70.58413
-0.2571994

2.021423
15.52980
58.12558

-21.09882
-4.281856

15.42331
-3.584623
-4.185763
-532.6098

SIMPU: R
0.46339

-0.313840
0.19113
0.02192
0.36186

-0.12310
0.21946

-0.25881
0.43206

-0.11737
0.29295

-0.04740
0.36905

-0.14307

MULTIPLE R
0.46339
0.62831
0.71253
0.80590
0.87408
0.96587
0.97811
0.97966
0.98221
0.98455
0.98594
0.98678
0.99573
1.00000

CAT-EFF 19 DPTH 3 (POUNDS, HEADS OFF/DAY>
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.21473 0.21473
0.39478 0.113004
0.50770 0.11293
0.64947 0.14177
0.76401 0.11455
0.93291 0.16890
0.95670 0.02379
0.95973 0.00303
0.96474 0.00501
0.96935 0.00461
0.97209 0.00274
0.97373 0.00165
0.99149 0.01776
1.00000 0.00851

CTEF193

(UNITS GIVEN IN TABLE 4)
AUG FRE HI TIDE
JUL GAL FAST WIND DIR
SEP GAL FASTEST WIND
JUL FRE HI TIDE
APR-JUN FRE MEAN HI TIDE
JUL-SEP GAL MEAN FAST WIND DIR
APR-JUN GAL MEAN FAST WIND DIR
JUL GAL FASTEST WIND
SEP FRE HI TIDE
JUL-SEP GAL MEAN FASTEST WIND
OCT FRE HI TIDE
APR-JUN GAL MEAN FASTEST WIND
OCT GAL FASTEST WIND
JUNE GAL FASTEST WIND

VARIABLE
VAR99
VAR93
VAR90
VAR98
VAR33
VAR36
VAR35
VAR88
VAR100
VAR32
VAR10l
VAR31
VAR91
VAR87
(CONSTANT)

DEPENDENT VARIABLE••

SEE TABLES '6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 178. Correlation matrix showing the simple bivariate Pearson product moment correlation coefficients between
all possible pairs of variables in the eighteen year (1960-1977)data set used to relate white shrimp total catch
and interview catch/effort variables to bay catch and bay effort variables.

(UNITS GIVEN 'N TABLE 41

VARI VAR2 VAR68 CTEFI8 CTEFI9 CTEFI93 WCEI6 WCEI9 WCELl6 weEL19 VAA47 VAH46
VARI 1.00000 0.47595 0.02852 0.78575 0.67861 0.08220 0.28736 0.27420 o.lI~m 0.16157 0.39463 0.10519
VAA2 0.47595 1.00000 -0.45911 0.56478 0.40435 -0.29266 -0.16757 -0.15106 -0.25jl1 -0.32340 0.06115 0.39749
VAR68 0.02852 -0.45911 1.00000 -0.14334 0.08196 0.47257 0.42084 0.67665 0.64070 0.32492 0.55253 -0.62082
CTEFI8 0.76575 0.56476 -0.14334 1.00000 0.69165 0.12166 0.20463 0.13041 -0.06375 -0.00952 0.282ll2 0.34690
CTEFI9 0.67861 0.40435 0.08196 0.69165 1.00000 0.55891 0.07343 0.06827 0.16185 0.35751 0.22816 -0.07577
CTEFI93 0.06220 -0.29266 0.47257 0.12168 0.55891 1.00000 0.11504 0.02161 0.380U 0.74030 -0.02074 -0.39IllU
WCEI8 0.28736 -0.16757 0.42084 0.20483 0.07343 0.11504 1.00000 0.79529 0.63200 0.38378 0.54208 0.15690
WCEI9 0.27426 -0.15106 0.67665 0.13041 0.06827 0.02161 0.79529 1.00000 0.56895 0.06948 0.8415j -0.18409
WCELl8 0.11527 -0.25317 0.64070 -0.06375 0.18185 0.38043 0.63200 0.56895 1.00000 0.64218 0.29512 -0.25018
WCELl9 0.16157 -0.32340 0.32492 -0.00952 0.35751 0.74030 0.38378 0.06948 0.64218 1.00000 -0.15936 -0.25624
VAR47 0.39463 0.06115 0.55253 0.28282 0.22816 -0.02074 0.54206 0.84153 0.29512 -0.15936 1.00000 -0.04592
VAR48 0.10519 0.39749 -0.62082 0.34690 -0.07577 -0.39180 0.15690 -0.18409 -0.25018 -0.25624 -0.04592 1.00000
VAR49 0.25105 -0.03988 0.07871 0.03029 0.51329 0.67332 0.06772 -0.22049 0.38014 0.88124 -0.34200 -0.25675
VAR50 0.10136 0.50872 -0.39163 0.04834 0.13616 -0.18229 -0.50550 -0.460115 -0.17261 -0.18724 -0.19749 0.37987
VAR76 -0.11214 0.54465 -0.72919 0.16889 -0.09900 -0.43688 -0.47463 -0.57133 -0.50906 -0.51114 -0.28110 0.75243
VAR77 0.06950 0.38786 -0.26125 0.16572 0.25296 -0.08495 -0.59462 -0.46516 -0.50205 -0.41760 0.041113 0.15486
V1IH711 0.00586 0.56715 -0.46569 0.10130 0.04324 -0.26273 -0.66948 -0.54390 -0.64586 -0.52261 -0.16689 0.37123

w VIIH/9 0.02338 0.49662 -0.40047 0.01136 0.16452 -0.19303 -0.69512 -0.46270 -0.67495 -0.50669 -0.24760 -0.11/38
Q)
N

VAR49 VAR50 VAR76 VAR77 VAR78 VAlU9
VAiU 0.25105 0.10136 -0.11214 0.06950 0.00588 0.02338
vII/a -0.03988 0.50672 0.54465 0.38786 0.56715 0.49662
VAR68 0.07871 -0.39163 -0.72919 -0.26125 -0.48569 -0.40047
CTEFI8 0.03029 0.04834 0.16889 0.16572 0.10130 0.01138
CTEFI9 0.51329 0.13616 -0.09900 0.25296 0.04324 0.16452
CTEFI93 0.67332 -0.18229 -0.43688 -0.08495 -0.26273 -0.19303
WCEI8 0.06772 -0.50550 -0.47463 -0.59482 -0.66948 -0.69512
WCEI9 -0.22049 -0.46085 -0.57133 -0.46516 -0.54390 -0.48270
WCEll8 0.38014 -0.17261 -0.50908 -0.50205 -0.64586 -0.67495
WCELl9 0.88124 -0.18724 -0.51114 -0.41780 -0.52261 -0.50869
VAR47 -0.34200 -0.19749 -0.28170 0.04183 -0.16689 -0.24760
VAR46 -0.25675 0.37987 0.75243 0.15466 0.37323 -0.11738
VAR49 1.00000 0.08403 -0.32163 -0.14426 -0.18706 -0.07081
VAR50 0.08403 1.00000 0.73872 0.51406 0.80650 0.36152
VAR76 -0.32163 0.73872 1.00000 0.53708 0.78765 0.32603
VAR77 -0.14426 0.51406 0.53708 1.00000 0.71878 0.56144
VII/U8 -0.18706 0.80650 0.78765 0.71878 1.00000 0.6b J,l<}
VAR79 -0.07081 0.36152 0.32603 0.56144 0.66109 1.00uou

SEE TABLES 6 AND 2 FOR REFERElICE NUlEER AlIO iAR I..aLE NAM:. RESPECTI vay •



Table 179. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 18) with bay
catch and bay effort variables for the eighteen year (1960-1977)data set.

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 4) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR78 LAG BAY TRIPS 18 0.56715 0.32166 0.32166 0.56715 -0.3247233 -0.28407

w VAR48 BAY CAT 18 0.60147 0.36177 0.04011 0.3Y749 -0. 1406443E-01 -U.15214en
w VAR79 LAG BAY TRIPS 19 0.67814 0.45987 0.09810 0.49662 0.9256855 0.73935

VAR47 BAY CAT 19 0.71420 0.51008 0.05021 0.06115 0.4473127E-01 0.77568
VAR50 LAG BAY CAT 18 0.75319 0.56729 0.05721 0.50872 -0.1Y47886E-01 -0.22719
VAR49 LAG BAY CAT 19 0.76767 0.58931 0.02202 -0.03988 0.3tl24102E-Ol 0.60981
VAR76 BAY TRIPS 18 0.79489 0.63185 0.04254 0.54465 1.Y12217 1.43Y19
VAR71 BAY TRIPS 19 0.82571 0.68179 0.04994 0.3tl786 -0.5021157 -0.40013
(CONSTANT> -23.30704

SEE TABLES 6 AND 2 fOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 180. Summary of results 01 stepwise multiple regression analysis 01 white shrimp total catch (area 19) with bay
catch and bay eflort variables for the eighteen year (1960-1977)data set.

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 4) MULTIPLE R R SQUARE RSQ CHANGE S It-\PLER B HL lA
VAR47 BAY CAT 19 0.39463 0.15574 0.15574 0.39463 0.31336L5E-01 0.49351
VAR49 LAG BAY CAT 19 0.56964 0.32449 0.16875 0.25105 0.2312222E-01 0.3")487

w VAR48 BAY CAT 18 0.62353 0.38879 0.06431 0.10519 0.7474901[-01 0.734330'\
.;:. VAR79 LAG BAY TRIPS 19 0.67250 0.45226 0.06347 0.02336 0.6486105 0.47049

VAR76 BAY TRIPS 18 0.66549 0.46989 0.01763 -0.11214 -1.047251 -0.71583
VAR50 LAG BAY CAT 18 0.69759 0.46663 0.01674 0.10136 0.4084029E-01 0.45261
VAR78 LAG BAY TRIPS 18 0.70224 0.49314 0.00651 0.00586 -0.3490371 -0.2/1'50
VAR77 BAY TRIPS 19 0.70366 0.49517 0.00203 0.06950 0.1114784 0.OUOti8
(CONSTANT) -5.554994

SEE TABLES 6 AND 2 FOR REFERENCE NU~eER AND VARIABLE NAME, RESPECTIVELY.



Table 181. Summary of results of stepwise multiple regression analysis of white shrimp total catch (area 19, 11.15
fathom depths) with bay catch and bay effort variables for the eighteen year (1960-1977)data set.

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.

BETA
-0.73139
0.25007
0.20568

-0.51770
-0.3l:S412
0.36660

-0.14326
0.08134

B
-0.2385252
0.~~39652E-02
0.4328297E-02

-0.1590943
-0.8716065E-02
0.102l:S614

-0.2205067E-02
0.2505266E-01
6.6::>9958

SIMPLE R
-0.72919
0.55253

-0.39163
-0.40047
-0.62082
-0.48569
0.07871

-0.26125

MULTIPLE R
0.72919
0.81400
0.84121
0.8555/
0.89509
0.90569
0.90780
0.90893

(UNITS GIVEN IN TABLE 4)
BAY TRIPS 18
BAY CAT 19
lAG BAY CAT 18
lAG BAY TRIPS 19
BAY CAT 18
LAG BAY TRIPS 18
LAG BAY CAT 19
BAY TRIPS 19

~E;E~D~N~ ;A~I~~E~.- - ;~6~ - - -T~T-C~T-1~ ~P~H-3- i~~U~D~, -HEADS-OfF) X 10':5- - - - - - - - - - - - - - - - - --

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.53172 0.53172
0.66259 0.13087
0.70764 0.04504
0.73200 0.02436
0.80119 0.06919
0.82027 0.01908
0.82409 0.00383
0.82616 0.00206

VARIABLE
VAR76
VAR47
VAR50
VAR79
VAR48
VAR78
VAR49
VAR77
(CONSTANT)w

C'I
U1

Table 182. Summary of results of multiple regression analysis of total white shrimp catch/effort (area 18)
with bay catch and effort variables for the eighteen year data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

BETA
0.41066

-0.36753
0.06890

B
0.5542435

-0.3724615
0.4591489E-01
134.9122

SIMPLI:.R
0.20483

-0.06375
-0.00952

MULTIPLE R
0.20483
0.32265
0.32693

CAT-EFF 18 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.04195 0.04195
0.10410 0.06215
0.10689 0.00219

CTEF18

(UNITS GIVEN IN TABLE 4)
BAY CAT-TRIP 18
lAG BAY CAT-TRIP 18
LAG BAY CAT-TRIP 19

DEPENDENT VARIABLE ••

VARIABLE
WCE18
WCEL18
WCEL19
(CONSTANT)
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 183. Summary of results of multiple regression analysis of total white shrimp catch/effort (area 19)
with bay catch and effort variables for the eighteen year data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

BETA
0.63693
-0.3Y446
0.48075

-0.25139

B
0.3591165

-0.4504101
0.2711826

-0.2155395
117.8498

SIMPLE R
0.35751
0.07343
0.06827
0.lB185

MULTIPLE R
0.35751
0.36411
0.40775
0.43109

CAT-EFF 19 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.12781 0.12781
0.13258 0.00477
0.16626 0.03368
0.18584 0.01958

CTEF19

(UNITS GIVEN IN TABLE 4)
LAG BAY CAT-TRIP 19
BAY CAT-TRIP 18
BAY CAT-TRIP 19
LAG BAY CAT-TRIP 18

VARIABLE
WCEl19
WCE18
WCE19
WCEL18
(CONSTANT>

DEPENDENT VARIABLE ••

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.
~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -0)
m

Table 184. Summary of results of multiple regression analysis of total white shrimp catch/effort (area 19,
11·15 fathom depths) with bay catch and effort variables for the eighteen year data set.

VARIABLE (UNITS GIVEN IN TABLE 4)
WCE119 LAG BAY CAT-TRIP 19
WCE18 BAY CAT-TRIP 18
WCE19 BAY CAT-TRIP 19
WCEL18 LAG BAY CAT-TRIP 18
(CONSTANT>

BETA
1.11195

-0.58552
0.~7~62

-0.29110

B
0.5529934
-0.5896942
0.2863963

-0.2201442
47.39326

SIMPU. R
0.74030
0.11504
0.02161
0.3ti043

MULTIPLE R
0.74030
0.76261
0.79452
0.81088

CAT-EFF 19 DPTH 3 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.54805 0.54805
0.58157 0.03352
0.63126 0.04969
0.65752 0.02626

CTEF193DEPENDENT VARIABLE ••

SEE TABLES 6 AND 2 fOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 185. Correlation matrix showing the simple bivariate Pearson product·moment correlation coeffi-
cients between all possible pairs 0 1variables in the 1964-1973 (ten year) data set used to relate
brown shrimp catch and catch/ellort to environmental variables and indices 01 recruitment.

(UNITS GIVEN IN TABLE ])
VAAl VAA2 VAA91 CTEfl8 CfEfl9 Cll:fHH V/\/H6 V/\/H9 VAA26 Vi\R51 VAH52 VAH51

VARI 1.00000 0.6~666 0.73445 0.80478 0.78314 0.85591 -0.51014 -0.17180 -0.6t348 0.7u613 0.64701 0.48952
VAR2 0.6~666 1.00000 0.69469 0.82191 0.79606 0.85812 -0.44319 -0.60804 -0.2/998 0.7~195 0.u8047 0.616,d
VAA91 0.73445 0.6~469 1.00000 0.51652 0.52420 0.63296 -0.167'11 0.02547 -0.14776 0.58756 0.'1986 0.u3245
CTEfl8 0.110478 0.82191 0.51652 1.00000 0.95965 0.93194 -0.6:>594 -0.5636'1 -0.660/3 0.91801 0.u6540 0.44619
CTEfl9 0.78314 0.79606 0.52420 0.95965 1.00000 0.96682 -0.7tI16 -0.544j4 -0.73545 0.85504 0.u0291 0.45444
CTEfl93 0.u5591 0.85812 0.63296 0.93194 0.96682 1.00000 -0.59503 -0.50582 -0.66259 0.63457 0.70478 0.:>6477
VARI6 -0.51014 -0.44319 -0.16741 -0.65594 -0.72116 -0.59503 1.00000 0.49844 0.6~299 -0.53374 -0.67070 0.15187
VARI9 -0.17180 -0.60804 0.02547 -0.56364 -0.54434 -0.50582 0.49844 1.00000 0.36662 -0.4324.> -0.61762 0.04784
VAR26 -0.62348 -0.27998 -0.14776 -0.66073 -0.73545 -0.66259 0.69299 0.36662 1.00000 -0.39379 -0.31254 0.001011
VAR51 0.70613 0.79195 0.58756 0.91801 0.85504 0.83457 -0.53374 -0.4324.> -0.3~379 1.00000 0.~0J74 0.:>6309
VAH52 0.64701 0.88047 0.51986 0.86540 0.80291 0.78478 -0.67070 -0.61762 -0.31254 0.~0174 1.00000 0.37570
VAR57 0.48952 0.61621 0.83245 0.44619 0.45444 0.56477 0.15187 0.04784 0.00708 0.5630\1 0.37570 l.uOOOO

w VAR59 0.14287 -0.09820 -0.23523 0.01647 -0.00209 0.03934 0.00995 -0.21206 -0.47661 -u.33605 -0.26612 -0.28576m VAR61 0.59189 0.83761 0.46341 0.81970 0.88795 0.88740 -0.58772 -0.68708 -0.58322 0.6U287 0.73479 0.48974"-l VAA66 0.76612 0.58605 0.36869 0.77046 0.82515 0.83165 -0.57693 -0.42421 -0.86761 0.48711 0.46~23 0.28356
VAR67 0.24870 0.35144 -0.12355 0.48908 0.62629 0.55711 -0.61705 -0.60051 -0.6~695 0.22036 0.32154 -0.07847
VAA71 0.70754 0.60620 0.53471 0.72531 0.74030 0.69832 -0.60339 -0.28027 -0.5/116 0.6t985 0.58822 0.26902
V/\/H6 0.31779 0.55517 0.32125 0.22191 0.21396 0.34489 0.02062 -0.44649 -0.08498 0.02323 0.20666 0.11l847
VAR85 -0.336~7 0.05421 0.07644 -0.29850 -0.38493 -0.26854 0.56u21 -0.00891 0.67055 -0.11211 -0.04629 0.32400
VAR87 0.16558 0.52186 0.53540 0.22845 0.13959 0.23777 0.24201 0.03714 0.51606 0.49574 0.46790 0.71885
VARIOO -0.29147 -0.07837 -0.29387 -0.05894 -0.21144 -0.18195 0.56218 0.06654 0.42334 0.05882 -0.07046 0.16932
VAnIOI -0.36482 0.03072 -0.00940 -0.23485 -0.07206 -0.01822 0.40823 0.03417 0.28320 -0.1~735 -u.25796 0.3Y615
VARI08 0.00390 -0.39514 -0.31924 -0.24748 -0.28431 -0.31660 -0.26042 0.31223 0.04241 -0.225/6 -0.09501 -0.67642
VARI09 -0.32573 -0.53422 0.02558 -0.55144 -0.64157 -0.61406 0.7't225 0.82149 0.5477~ -0.3Y747 -0.59521 0.13161
VAAIII -0.31197 -0.60213 -0.20603 -0.60049 -0.71117 -0.661~5 0.49132 0.63512 0.5"136:> -0.3u025 -0.450~~ -0.30973
VAHI18 0.53799 0.62907 0.36325 0.83255 0.85291 0."13034 -0.763:16 -0.48140 -0.55928 0.113034 0.77832 0.26463
XEI8 0.09032 0.63038 0.40087 0.ll300 0.13078 0.26644 0.10489 -0.47319 0.28155 0.10207 0.32114 0.3785/
XEI9 0.30833 -0.13611 0.31886 -0.20398 -0.30201 -0.18413 0.23490 0.45803 0.08571 -0.24035 -0.23300 -0.03051
XEI93 0.31066 0.111044 0.78257 -0.04813 -0.07326 0.03697 0.26212 0.43u85 0.24483 0.09533 0.00409 0.600/1



Table 185 continued

VAR59 VAA61 VAR66 VAA67 VAR71 VAR76 VAll85 VAR87 VARIOO VARIOI VARI08 VARI09VAAl 0.14287 0.59189 0.76612 0.24870 0.70754 0.31779 -0.336~7 0.16558 -0.2914/ -0.36462 0.003~0 -0.3:l5J3VAA2 -0.09620 0.83761 0.58605 0.35144 0.60620 0.5~517 0.05421 0.52186 -0.0/837 0.03072 -0.3';1514 -0.53422VAR91 -0.23523 0.46341 0.36869 -0.12355 0.53471 0.32125 0.07644 0.53540 -0.29387 -0.00940 -0.31924 0.02558CTEfl8 0.01647 0.81970 0.77046 0.48908 0.72531 0.22191 -0.29850 0.22845 -0.05894 -0.23485 -0.24748 -0.55744CTEfl9 -0.00209 0.88795 0.82515 0.62629 0.74030 0.21396 -0.311493 0.13959 -0.21144 -0.0/206 -0.28431 -0.64157CTEfl93 0.03934 0.88740 0.83165 0.55711 0.69832 0.34469 -0.26854 0.23777 -0.111195 -0.01822 -0.31660 -0.61406VARI6 0.00995 -0.58772 -0.57693 -0.61705 -0.60339 0.02062 0.56821 0.24201 0.562111 0.40823 -0.26042 0.7L225VARI9 -0.21206 -0.68706 -0.42427 -0.60051 -0.26027 -0.44649 -0.00691 0.03714 0.06654 0.03417 0.31223 0.112149VAR26 -0.47861 -0.58322 -0.86761 -0.69695 -0.57116 -0.08496 0.67055 0.51606 0.42334 0.28320 0.04241 0.54775VAR51 -0.33685 0.611287 0.48711 0.22036 0.62985 0.02323 -0.11211 0.49574 0.05882 -0.19735 -0.22576 -0.39747VAR52 -0.26612 0.73479 0.46923 0.32154 0.58822 0.20666 -0.04629 0.46790 -0.07046 -0.25796 -0.09501 -0.59521w VAR57 -0.28576 0.48974 0.28356 -0.07847 0.26902 0.11l647 0.32400 0.71885 0.16932 0.3';1615 -0.67642 0.13161en
ex> VAR59 1.00000 0.12437 0.52166 0.41043 -0.10381 0.39719 -0.12608 -0.58694 -0.05671 -0.17520 -0.06153 -0. I989jVAR61 0.12437 1.00000 0.79951 0.75874 0.46669 0.35900 -0.06494 0.22043 -0.11936 0.21072 -0.51661 -0.74066VAR66 0.52186 0.79951 1.00000 0.15301 0.55949 0.36914 -0.42066 -0.111043 -0.23935 -0.07991 -0.25203 -0.58122VAR67 0.41043 0.75874 0.75301 1.00000 0.22062 0.18070 -0.33220 -0.32241 -0.17895 0.22589 -0.22822 -0.81916VAR71 -0.10381 0.46869 0.55949 0.22062 1.00000 0.311810 -0.69250 -0.05001 -0.48714 -0.29954 -0.00716 -0.27870VAR76 0.3!1119 0.35900 0.36974 0.16070 0.38810 1.00000 -0.01938 0.01361 -0.22152 0.10600 -0.28069 -0.27643VAll65 -0.12608 -0.06494 -0.42066 -0.33220 -0.69250 -0.01936 1.00000 0.63851 0.54618 0.34204 -0.311463 0.20322V!lR87 -0.50694 0.22043 -0.18043 -0.32247 -0.05007 0.01361 0.63651 1.00000 0.48740 0.2"/62j -0.34145 0.16048VARIOO -0.05611 -0.11936 -0.23935 -0.17695 -0.48714 -0.22152 0.54618 0.46740 1.00000 0.2~522 -0.26883 0.2/638VARIOI -0.11520 0.21072 -0.07991 0.22569 -0.29954 0.10600 0.34204 0.27623 0.25522 1.00000 -0.6:1403 0.00572VAlH08 -0.06153 -0.51861 -0.25203 -0.22622 -0.00716 -0.26069 -0.311463 -0.34145 -0.28863 -0.6'403 1.00000 0.02521VARI09 -0.19893 -0.74086 -0.58122 -0.81916 -0.27870 -0.27843 0.20322 0.16048 0.27838 0.005/2 0.02521 1.00000VARll1 -0.28599 -0.90255 -0.15473 -0.86733 -0.33351 -0.34686 0.12667 0.01666 0.11525 -0.37192 0.60425 0.6'790VARI18 -0.33395 0.63551 0.48939 0.39291 0.82021 0.01871 -0.51444 0.10050 -0.28213 -0.19728 -U.12j42 -u.47172XEI8 -0.04404 0.3!1770 0.05745 0.06452 0.14804 0.81085 0.311679 0.4167!1 -0.09454 0.3!1226 -0.43716 -0.28597XEI9 0.25486 -0.46428 -0.06048 -0.58849 0.15601 0.29391 -0.111:>0 -0.12985 -0.30677 -0.54591 0.40883 0.49181XEI93 -0.26790 -0.14320 -0.14542 -0.62596 0.22142 0.17231 0.19883 0.3';1321 -0.28010 -0.06999 -0.15368 0.55416



Table 185 continued

VAAl II VARI16 XEI6 XEI9 XEI95VARI -0.31197 0.53799 0.09032 0.30633 0.31066VAA2 -0.60213 0.62907 0.63036 -0.13611 0.16044VAR91 -0.20603 0.31l325 0.40067 0.31866 0.76257CTEFI6 -0.60049 0.63255 0.1\300 -0.20396 -0.04613CrEFI9 -0.71117 0.85291 0.13078 -0.30201 -0.07326CTEFI93 -0.66195 0.73034 0.26644 -0.18413 0.03697VARI6 0.49132 -0.76396 0.10489 0.23490 0.26212VARI9 0.63512 -0.48140 -0.47319 0.45803 0.43685VAR26 0.57365 -0.55928 0.26155 0.06571 0.24463VAR51 -0.31l025 0.83034 0.10267 -0.24035 0.09533VAA52 -0.45053 0.77832 0.32174 -0.23300 0.00409VAR57 -0.30973 0.26483 0.37857 -0.03051 0.60071VAR59 -0.28599 -0.33395 -0.04404 0.25486 -0.26790
VJ VAR61 -0.90255 0.63551 0.39770 -0.46428 -0.14326
()) VJ\H66 -0.75473 0.46939 0.05745 -0.08046 -0.14542
I.D VAR67 -0.66733 0.3!J291 0.06452 -0.58849 -0.62596VJ\R71 -0.33351 0.82027 0.14604 0.15607 0.22142VAA76 -0.34666 0.01671 0.61065 0.29391 0.17231VAR65 0.12667 -0.51444 0.36679 -0.11150 0.19665VAR67 0.01668 0.10050 0.41679 -0.12965 0.39321VARIOO 0.11525 -0.26213 -0.09454 -0.30677 -0.26010VJ\/HOI -0. 377!12 -0.I!1726 0.3!1226 -0.54597 -0.06999VARI06 0.60425 -0.12342 -0.43776 0.40663 -0.15366VARI09 0.6:>790 -0.47772 -0.26597 0.49161 0.55416VARIII 1.00000 -0.49063 -0.33044 0.56662 0.29294VJ\/UI6 -0.49063 1.00000 0.01075 -0.33756 -0.05463XEI6 -0.33044 0.01075 1.00000 -0.00639 0.25062XEI9 0.:>6662 -0.33h6 -0.00639 1.00000 0.63776XEI93 0.29294 -0.05463 0.25062 0.63776 1.00000

SEE Ti\IlLES 5 AND I fOR REfERENCE NlMlER AND VAAli\llLE NAIE, RESPECTIVR Y.



Table 186. Summary of results of final multiple regression analysis of total brown shrimp catch (area 18)
with environmental variables and indices of recruitment based on the 1964·1973data set.

BETA

0.69919
0.3'672
0.28629

B

0.1213117
0.4489989
0.124/239

4.487583

SIMPLE R
0.88047
0.55517
0.616£1

MULTIPLE R
0.88047
0.95955
0.99502

TOT CAT 18 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.77523 0.77523
0.92073 0.14550
0.99007 0.06934

VAR2

(UNITS GIVEN IN TABLE 3)
MAY TPWD SEC GAL CAT-EFF
FEB EKMAN ZONAL IND
FEB POSTLARVAL CAT-TOW

DEPENDENT VARIABLE ••

VARIABLE
VAR52
VAR76
VAR57
(CONSTANT)
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

SEE TABLES 5 AND 1 FOR REFERENCE ~UMBER AND VARIABLE NAME, RESPECTIVELY.
w.....••
o

Table 187. Summary of results of final multiple regression analysis of total brown shrimp catch (area 19)
with environmental variables and indice s of recruitment based on the 1964·1973data set.

DEPENDENT VARIABLE •• 'VAR1 TOT CAT 19 (POUNDS, HEADS OFF) X 10-5

VARIABLE
VAR66
VAR67
VAR109
VAR59
VAR108
(CONSTANT)

<UNITS GIVEN IN TABLE 3)
2ND MAR POSTLAV MIN SAL
1ST APR POSTLAV MIN SAL
APR FRE PREC
APR POSTLARVAL CAT-TOW
MAR FRE PREC

MULTIPLE R
0.76612
0.91416
0.96121
0.98595
0.99484

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.58693 0.58693
0.83570 0.24876
0.92393 0.08823
0.97211 0.04817
0.98972 0.01761

SIMPLE R
0.76612
0.24870

-0.32573
0.14287
0.00390

B

14.74211
-10.Y9651
-4.981232

-0.1239930
4.062450
38.28294

BETA

1.,3599
-1.03593
-0.34351
-0.29292
0.14522

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 AND 1 FOR REFERENCE NUI~ER AND VARIABLE NAME, RESPECTIVELY.



Table 188. Summary of results of final multiple regression analysis of total brown shrimp catch (area 19,
11·15 fathom depths) with environmental variables and Indices of recruitment based on the
1964·1973data set.

(UNITS GIVEN IN TABLE 3)
FEB POSTLARVAL CAT-TOW
BAY TRIPS 19
LAG BAY CAT 18
JUL-SEP GUAD DIS

BETA
0.86846

-0.47496
-0.29405
0.22382

B

0.3626662
-2.670222

-0.2347249
0.3496587
73.89984

SIMPLE R
0.83245

-0.29387
-0.00939
0.53540

MULTIPLE R
0.83245
0.94214
0.98397
0.99253

TOT CAT 19 DPTH 3 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.69297 0.6~297
0.88762 0.19465
0.96820 0.08058
0.98512 0.01692

VAR91DEPENDENT VARIABLE ••

VARIABLE
VAR57
VAR100
VAR101
VAR87
(CONSTANT>

SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.
w.....••.....

Table 189. Summary of results of final multiple regression analysis of total brown shrimp catch (area 18)
with environmental variables, Indices 0 f recruitment, and offshore non·dlrected effort based on
the 1964·1973data set.

(UNITS GIVEN IN TABLE 3)
MAY TPWD SEC GAL CAT-EFF
EXP TOT EFF 18
FEB POSTLARVAL CAT-TOW
MAR NOS FRE HI TIDE

MULTIPLE R
0.88047
0.95374
0.97649
0.99325

DEPENDENT VARIABLE ••

VARIABLE
VAR52
XE18
VAR57
VAR26
(CONSTANT)

VAR2 TOT CAT 18 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.77523 0.77523
0.90961 0.13439
0.95353 0.04392
0.98654 0.03301

SIMPLE R
0.tl8047
0.63038
0.61621

-0.27998

B

0.1028451
0.5064286
0.1047779
-10.11653
33.tl7006

BETA
0.59276
0.40812
0.24051

-0.21132
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 190. Summary 01 results 01 final multiple regression analysis 01 total brown shrimp catch (area 19)
with environmental variables, Indices 0 Irecruitment, and offshore non·dlrected effort based on
the 1964·1973 data set.

<UNITS GIVEN IN TABLE 3)
2ND MAR POSTLAV MIN SAL
1ST APR POSTLAV MIN SAL
APR FRE PREC
APR POSTLARVAL CAT-TOW
MAR FRE PREC
EXP TOT EFF 19

MULTIPLE R
0.76612
0.91416
0.96121
0.98595
0.99484
0.99505

DEPENDENT VARIABLE ••

VARIABLE
VAR66
VAR67
VAR109
VAR59
VAR108
XE19
(CONSTANT>

VAR1 TOT CAT 19 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.58693 0.58693
0.83570 0.24876
0.92393 0.08823
0.97211 0.04817
0.98972 0.01761
0.99012 0.00040

S IMPLl:R
0.76612
0.24870

-0.32573
0.14287
0.00390
0.30833

B

14.32781
-lU.16976
-4.927501

-0.1348680
3.501573

0.4906962E-01
22.32613

BETA
1.49282

-0.95805
-0.33980
-0.31861
0.12517
0.06181

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
~ SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.
N

Table 191. Summary of results of linal stepwise multiple regression analysis of brown shrimp total catch (area 19, 11-15
fathom depths) with environmental variables, Indices of recruitment, and offshore non-directed effort for the
ten year (1964-1973)data set.

- - - - - - - - -- - - - - - - - - - - - - .' - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - -. - - - -

(UNITS GIVEN IN TABLE 3)
FEB POSTLARVAL CAT-TOW
BAY TRIPS 19
JUL-SEP GUAD DIS
EXP TOT EFF 19 DPTH 3
APR TPWD MAT TEMP

BETA
0.52667

-0.34663
0.24363
0.23236
0.16492

B

0.2199356
-1.948730
0.3tl06186
0.lY80237
2.763053

-20.13848

S IMPLI:R
0.83245

-0.29387
0.53540
0.7tl257
0.53471

MULTIPLE R
0.83245
0.94214
0.95758
0.96504
0.97542

TOT CAT 19 DPTH 3 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.69297 0.69297
0.88762 0.19465
0.91695 0.02934
0.93130 0.01434
0.95145 0.02015

VAR91

VARIABLE
VAR57
VAR100
VAR87
XE193
VAR71
(CONSTANT>

DEPENDENT VARIABLE ••

SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 192. Summary of results of final stepwise multiple regression analysis of brown shrimp intelView catch/effort
(area 18) with environmental variables and indices of recruitment for the ten yaar (1964-1973)data set.

DEPENDENT VARIABLE •• CTEF18 CAT-EFF 18 (POUNDS, HEADS OFF/DAY)

VARIABLE
VAR51
VAR66
VAR19
(CONSTANT)

(UNITS GIVEN IN TABLE 3)
MAY TPWD PRI GAL CAT-EFF
2ND MAR POSTLAV MIN SAL
APR-JUN FRE PREC

MULTIPLE R
0.91801
0.98983
0.99371

SUMMARY TABLE
R SQUARE RSQ CUANGE

0.84274 0.842/4
0.97976 0.13703
0.98746 0.00769

SIMPLE R
0.91801
0.77046

-0.56364

B

1.974500
24.06289

-2.982575
-74.47285

BETA
0.6ti162
0.3')555

-0.10106

seE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.

Table 193. Summary of results of final stepwise multiple regression analysis of brown shrimp intelVlew catch/effort
(area 19) with environmental variables and Indices of recruitment for the ten year (1964-1973)data set.

- - - - - - - ~ - - - - - - - - - - - - - - - - - - - - - - _. - - - - - - - - - - - - - - - - - - - - - - - - - - - -

BETA
0.6L411
0.44671
0.37508
0.35447

B

20.38631
61.96273
17.16893
1.254636

-1591.966

SIMPLE R
0.88795
0.85291
0.82515

-0.71117

MULTIPLE R
0.88795
0.96342
0.98543
0.99629

CAT-EFF 19 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.78846 0.78846
0.92819 0.13973
0.97107 0.04288
0.99260 0.02153

CTEF19

(UNITS GIVEN IN TABLE 3)
APR TPWD GAL SAL
APR NOS GAL MEAN TEMP
2ND MAR POSTLAV MIN SAL
MAR TRIN DIS

DEPENDENT VARIABLE ••

VARIABLE
VAR61
VAR118
VAR66
VARlll
(CONSTANT>

SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 194. Summary of resultsof finalstepwisemultipleregressionanalysisof brown shrimp Interviewcatch/effort
(area19, 11-15 fathom depths)with environmentalvariablesand Indicesof recruitmentforthe ten year
(1964-1973) data set.

DEPENDENT VARIABLE •• CTEF193 CAT-EFF 19 DPTH 3 (POUNDS, HEADS OFF/DAY)

BEfA

1.~1524
0.Y7423

-0.4"5573
0.30123

B
I58.32222

3.214610
-0.8219876

4.373735
-673.6t120

SIMPLE R
0.88740

-0.661Y5
-0.26854
-0.59503

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.78748 0.78748
0.89166 0.10418
0.96233 0.07067
0.99327 0.03095

MULTIPLE R
0.88740
0.94428
0.98098
0.99663

(UNITS GIVEN IN TABLE 3)
APR TPWD GAL SAL
MAR TRIN DIS
OCT-DEC TRIN DIS
JAN-MAR MISS DIS

VARIABLE
VAR61
VAR111
VAR85
VAR16
(CONSTANT>

SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 195. Correlation matrix showing the simple bivariate Pearson product·moment correlation coefficients between
all possible pairs of variables in eighteen year (1960-1977)data set used to relate brown shrimp total catch
and interview catch/effort variables to environmental variables and indices of recruitment.

(UNITS GIVEN IN TABLE 3)

VAAl VAA2 VAA91 CTEF18 CTEF19 ClEf193 VAAl I VAA15 VARI9 VAA22 VAR23 VAR24VAAl 1.00000 0.31432 0.78436 0.76625 0.77554 0.60379 -0.62675 -0.09108 -0.19688 -0.63186 0.36554 -0.13771VAA2 0.37432 1.00000 0.30464 0.71519 0.52953 0.16511 -0.23181 -0.42881 -0.46965 0.03016 0.46816 0.01910VAA91 0.1806 0.30464 1.00000 0.41146 0.54369 0.40699 -0.28498 0.06689 0.01500 -0.34241 0.24912 -0.00215ClEf18 0.16625 0.11519 0.47746 1.00000 0.88131 0.74861 -0.55916 -0.34193 -0.48190 -0.46814 0.50184 -0.01606ClEF19 0.11554 0.52953 0.54369 0.86131 1.00000 0.14772 -0.68663 -0.31014 -0.55649 -0.30064 0.50651 0.11018CTEfl93 0.60319 0.16511 0.40699 0.74661 0.74172 1.00000 -0.43502 -0.26426 -0.45830 -0.12267 0.50963 0.09160VAAl 1 -0.62675 -0.23181 -0.28496 -0.55916 -0.68683 -0.43502 1.00000 0.29123 0.45534 0.31251 -0.58385 0.18402VAA15 -0.09106 -0.42861 0.06689 -0.34193 -0.31014 -0.26428 0.29123 1.00000 0.59029 -0.15636 -0.29628 .0.10521VAA19 -0.19688 -0.46965 0.01500 -0.48190 -0.55649 -0.45830 0.45534 0.59029 1.00000 -0.01618 -0.39230 -0.06619VAA22 -0.63186 0.03016 -0.34241 -0.46814 -0.30064 -0.12267 0.31251 -0.15836 -0.01618 1.00000 0.05499 0.11644VAR23 0.36554 0.46816 0.24912 0.50164 0.50651 0.50983 -0.56385 -0.29628 -0.39230 0.05499 1.00000 -0.23998VAR24 -0.13711 0.01910 -0.00215 -0.01606 0.11018 0.09180 0.18402 0.10521 -0.08619 0.11644 -0.23996 1.00000VAA25 -0.06943 0.20251 -0.06152 0.16882 0.36166 0.26237 -0.00062 -0.12195 -0.35313 0.21020 -0.13391 0.92009
w VAA26 -0.52660 -0.08945 -0.20145 -0.51649 -0.41081 -0.22334 0.10314 0.38938 0.14411 0.42562 -0.40668 0.46104......• VAA28 -0.09341 -0.62191 -0.05863 -0.31069 -0.13981 -0.31250 0.15133 0.16981 0.23659 -0.11104 -0.52659 0.14614Ul VAR29 -0.28389 -0.52132 -0.31114 -0.27106 -0.29646 -0.61554 0.16259 0.19102 0.34141 -0.05984 -0.35492 -0.04495VAR30 -0.26377 0.06369 -0.28651 -0.04312 -0.04668 0.21728 0.34992 0.10956 -0.10503 0.24524 -0.33310 0.26155VAR31 -0.36536 -0.30015 -0.45931 -0.23163 -0.16280 -0.19155 -0.17580 -0.06500 -0.18019 0.26509 0.39406 -0.16114VAR38 -0.30551 0.10212 -0.10024 -0.11468 -0.25901 -0.14631 0.52252 0.40343 0.31994 0.15946 -0.45560 0.14604VAA39 -0.50965 0.10215 -0.40464 -0.32995 -0.40698 0.04631 0.46612 -0.02324 0.18609 0.50317 -0.13680 0.31943VAAO -0.55550 -0.14217 -0.16445 -0.51393 -0.61624 -0.30380 0.96447 0.29261 0.46392 0.35539 -0.56184 0.25431VAR44 -0.55350 0.05643 -0.38641 -0.42152 -0.45815 -0.02908 0.45645 0.03185 0.22603 0.57766 -0.16364 0.36215VAR82 -0.31631 0.25681 0.04092 -0.09155 -0.31531 -0.09241 0.67960 0.13151 0.21801 0.26351 -0.12699 0.11061VM83 -0.42251 0.03591 -0.18814 -0.32681 -0.31268 -0.18811 0.58151 0.10813 0.11643 0.47793 -0.30152 0.00553VAR86 -0.42300 -0.17001 -0.25824 -0.31433 -0.23026 -0.21646 0.36162 0.48611 0.28993 0.33293 -0.45001 0.28155VAR61 -0.03018 0.41009 0.31960 0.14916 0.00316 0.14049 0.53391 0.01316 0.16412 0.21295 -0.13909 0.22645VAR91 -0.02176 0.40919 -0.02513 -0.00613 0.10214 0.41568 -0.05154 -0.30891 -0.46529 0.46662 0.02819 -0.00843VAR99 -0.33596 -0.09863 -0.35562 -0.33480 -0.12769 0.17100 0.13753 -0.03591 -0.38563 0.44212 -0.09314 0.17135VAR102 -0.11550 0.49844 -0.22681 0.11420 0.05897 0.52778 -0.09520 0.08469 -0.02102 0.35917 0.30287 -0.01393VARI03 -0.16168 0.15482 -0.24193 -0.12137 0.01069 0.39349 0.07523 0.14490 -0.26809 0.36625 -0.00571 0.14944VAA104 -0.10532 0.36792 -0.05602 0.01349 0.02389 0.51742 0.18184 0.24874 0.13324 0.39788 0.22440 0.24712VIIRl10 -0.06057 0.03209 0.00502 -0.16016 -0.19558 0.27842 0.23718 0.28961 0.40060 0.12255 -0.10335 0.16283VAR115 -0.06450 -0.09165 -0.01226 -0.05625 -0.12781 -0.33001 0.30540 -0.23561 0.09547 -0.12511 -0.47163 0.40958VIIRI16 -0.22161 -0.46513 -0.30612 -0.45786 -0.53089 -0.39833 0.19061 0.24463 0.26176 -0.23223 -0.19455 -0.16188VAR116 0.51118 0.45416 0.32606 0.64421 0.12344 0.70669 -0.60005 -0.30446 -0.41849 -0.01650 0.66059 -0.17426VIIR119 -0.14415 -0.03498 -0.22690 0.01275 0.16111 0.20304 -0.09213 -0.15157 -0.14595 0.09969 0.29140 0.44480BCEI6 0.22031 0.57738 0.24175 0.21100 0.29911 0.61072 -0.14929 -0.26248 -0.45173 0.38335 0.26198 -0.03668XE18 -0.27771 0.68173 -0.16073 0.02371 -0.13213 0.41941 0.20162 -0.25369 -0.21192 0.46513 0.15121 0.07914XEI9 0.60073 -0.14568 0.56706 0.07656 0.01717 0.00436 -0.23688 0.34552 0.26957 -0.63012 0.01467 -0.32907XE193 0.51196 -0.11958 0.84287 0.07552 0.11355 -0.09079 -0.05613 0.33154 0.32154 -0.39369 -0.0\685 -0.09251



Table 195 continued

VAR25 VAR26 VAR26 VAR29 VAR30 VAR31 VAR36 VAR39 VAR43 VAR44 VAIl62 VAR63
VIIRI -0.06943 -0.52660 -0.09341 -0.26369 -0.26317 -0.38536 -0.30551 -0.50965 -0.55550 -0.55350 -0.31631 -0.42251
VAR2 0.20257 -0.06945 -0.62197 -0.52132 0.08369 -0.30015 0.10212 0.10215 -0.14211 0.05643 0.25661 0.03597
VAR91 -0.08152 -0.20145 -0.05663 -0.31114 -0.26651 -0.45931 -0.10024 -0.40484 -0.16445 -0.38641 0.04092 -0.16614
CTEf18 0.16882 -0.51649 -0.31089 -0.27106 -0.04312 -0.23163 -0.11486 -0.32995 -0.51393 -0.42152 -0.09755 -0.32687
CTEf19 0.36166 -0.41061 -0.13981 -0.29646 -0.04868 -0.16280 -0.25907 -0.40696 -0.61624 -0.45875 -0.31531 -0.31268
CTEf193 0.28237 -0.22334 -0.31250 -0.61554 0.21128 -0.19155 -0.14631 0.04631 -0.30360 -0.02908 -0.09241 -0.18611
VARll -0.00082 0.70314 0.15133 0.16259 0.34992 -0.11560 0.52252 0.46612 0.96441 0.45645 0.61960 0.58151
VAR15 -0.12195 0.38938 0.16981 0.19102 0.10956 -0.06500 0.40343 -0.02324 0.29261 0.03185 0.13151 0.10813
VARI9 -0.35313 0.14417 0.23659 0.34141 -0.10503 -0.18019 0.37994 0.18609 0.46392 0.22603 0.21607 0.1\643
VAR22 0.21020 0.42582 -0.11104 -0.05984 0.24524 0.26509 0.15948 0.50311 0.35539 0.57166 0.26351 0.47193
VAR23 -0.13391 -0.40668 -0.52659 -0.35492 -0.33310 0.39406 -0.45580 -0.13880 -0.56184 -0.18364 -0.12699 -0.30152
VIIR24 0.92009 0.46104 0.14614 -0.04495 0.26155 -0.16114 0.14604 0.31943 0.25431 0.36215 0.11061 0.00553
VIIR25 1.00000 0.30060 0.05256 -0.07288 0.34335 -0.11634 0.00193 0.32295 0.06519 0.31945 -0.02429 -0.05897
VAR26 0.30060 1.00000 -0.01123 -0.25483 0.21112 -0.05311 0.46612 0.44413 0.12963 0.54964 0.48683 0.56281
VAR26 0.05256 -0.01123 1.00000 0.31513 0.15619 -0.20599 -0.04636 -0.36003 0.06412 -0.34126 -0.29791 0.19663
VAR29 -0.01288 -0.25463 0.31513 1.00000 0.21959 -0.06614 0.09681 -0.13615 0.03111 -0.22100 -0.11111 -0.06963
VAR30 0.34335 0.21112 0.15619 0.21959 1.00000 -0.16154 0.36345 0.40641 0.36311 0.28946 0.19359 0.15614w VAR31 -0.11634 -0.05311 -0.20599 -0.06614 -0.16154 1.00000 -0.34358 0.16143 -0.24505 0.16511 -0.20966 -0.26553'-J VAR36 0.00193 0.46812 -0.04636 0.09681 0.36345 -0.34358 1.00000 0.11546 0.56282 0.24449 0.55997 0.507590)
VAR39 0.32295 0.44413 -0.36003 -0.13615 0.40641 0.16743 0.11548 1.00000 0.55798 0.96446 0.29660 -0.04787
VARO 0.06519 0.12963 0.06412 0.03111 0.38311 -0.24505 0.56262 0.55798 1.00000 0.56096 0.73205 0.56746
VAR44 0.31945 0.54964 -0.34126 -D.22100 0.28946 0.16517 0.24449 0.96448 0.56096 1.00000 0.31412 0.03558
VAIl82 -0.02429 0.46683 -0.29191 -0.11111 0.19359 -0.20986 0.55997 0.29660 0.13205 0.31412 1.00000 0.52702
VAR83 -0.05691 0.56261 0.19663 -0.06983 0.15614 -0.26553 0.50759 -0.04187 0.56746 0.03556 0.52702 1.00000
VAR86 0.11142 0.53500 0.11841 0.08493 0.35055 -0.11990 0.82525 0.08011 0.44192 0.20226 0.34145 0.60930
VAR67 0.14009 0.43663 -0.20954 -0.09051 0.26161 -0.50667 0.63270 0.21081 0.56569 0.21660 0.68459 0.46606
VAR97 0.11118 0.26494 -0.13110 -0.52768 0.40404 -0.09028 -0.04521 0.28975 0.06011 0.31158 -0.02824 0.26959
VAIl99 0.24589 0.46525 0.16118 -0.37521 0.44984 0.28380 -0.06992 0.35352 0.16821 0.38811 -0.12975 0.20664
VARI02 0.14698 0.12991 -0.38675 -0.31020 0.34019 0.08611 0.16493 0.47475 -0.02156 0.45466 -0.04947 0.05861
VARI03 0.24425 0.34166 0.18336 -0.32492 0.51196 0.01650 0.08122 0.21281 0.08592 0.23938 -0.07683 0.32216
VARI04 0.27339 0.32423 -0.15551 -0.30435 0.42345 -0.03926 0.14640 0.51644 0.25113 0.46546 0.17764 0.17980
VARll0 0.10661 0.19688 0.02544 -0.26604 0.25841 -0.02362 -0.04001 0.46226 0.34408 0.46841 0.20102 0.02414
VAR1I5 0.35050 0.10702 0.02882 0.34801 -0.02236 -0.43393 0.13644 0.22405 0.32824 0.20848 0.20344 -0.04973
VIIRI16 -0.22961 0.12841 -0.05482 0.05662 -0.24108 0.31298 -0.35000 0.20952 0.18011 0.19380 -0.02233 -0.16272
VAR118 -0.02716 -0.46152 -0.32733 -0.43519 -0.07681 0.32659 -0.31985 -0.20203 -0.53661 -0.26599 -0.17824 -0.27635
VARI19 0.48290 -0.09819 0.14961 0.05319 0.09315 0.18124 -0.40099 0.20341 -0.07590 0.11401 -0.14207 -0.16671
BCEI6 0.15180 0.15461 -0.25760 -0.51104 0.28760 -0.19643 -0.15668 0.15065 -0.03121 0.14292 0.01936 0.23149XEI8 0.15661 0.35451 -0.51566 -0.52103 0.26547 -0.07791 0.24796 0.58442 0.30128 0.60511 0.44686 0.28431XEI9 -0.49449 -0.16876 -0.01264 -0.20493 -0.47008 -0.22268 -0.21488 -0.35542 -0.19662 -0.30645 -0.11841 -0.32450XEI93 -0.32556 -0.05311 0.05086 -0.10395 -0.45026 -0.33216 0.00314 -0.41263 -0.00096 -0.34199 0.12190 -0.15627



Table 195 continued

VAR86 VAR81 VAR97 VAR99 VARI02 VARI03 VARI04 VARIIO VARI15 VARI16 VAR II8 VARI19VARI -0.42300 -0.03018 -0.02176 -0.33596 -0.11550 -0.18768 -0.10532 -0.06057 -0.08450 -0.22761 0.51118 -0.14415VAA2 -0.17007 0.47009 0.40979 -0.09863 0.49844 0.15482 0.36792 Q.03209 -0.09185 -0.46513 0.45416 -0.03498VAR91 -0.25824 0.31960 -0.02513 -0.35582 -0.22681 -0.24193 -0.05602 0.00502 -0.07226 -0.30672 0.32608 -0.22690ClEf18 -0.31433 0.14918 -0.00813 -0.33480 0.11420 -0.12137 0.01349 -0.18016 -0.05625 -0.45786 0.64421 0.01275ClEfl9 -0.23026 0.00316 0.10214 -0.12769 0.05897 0.01069 0.02389 -0.19556 -0.12761 -0.53089 0.72344 0.16111ClEf193 -0.21646 0.14049 0.47568 0.17100 0.52776 0.39349 0.51742 0.27842 -0.33001 -0.39833 0.70669 0.20304VARII 0.38762 0.53397 -0.05154 0.13753 -0.09520 0.07523 0.16184 0.23778 0.30540 0.19081 -0.60005 -0.09213VARI5 0.48871 0.07376 -0.30891 -0.03597 0.08469 0.14490 0.24874 0.26987 -0.23581 0.24463 -0.30446 -0.15157VARI9 0.26993 0.16412 -0.46529 -0.38563 -0.02102 -0.26809 0.13324 0.40060 0.09547 0.26776 -0.47849 -0.14595VAR22 0.33293 0.27295 0.46662 0.44272 0.35917 0.36625 0.39788 0.12255 -0.12511 -0.23223 -0.01650 0.09989VAR23 -0.45001 -0.13909 0.02619 -0.09314 0.30287 -0.00517 0.22440 -0.10335 -0.47763 -0.19455 0.66059 0.29140VAR24 0.28155 0.22645 -0.00843 0.17735 -0.01393 0.14944 0.24772 0.16283 0.40958 -0.16188 -0.17426 0.44480VAR25 0.17142 0.14009 0.17116 0.24589 0.14698 0.24425 0.27339 0.10667 0.35050 -0.22961 -0.02716 0.48290VAR26 0.53500 0.43663 0.26494 0.46525 0.12991 0.34766 0.32423 0.19688 0.10702 0.12841 -0.46152 -0.09819VAR26 0.17841 -0.20954 -0.13170 0.16118 -0.38675 0.18336 -0.15557 0.02544 0.02682 -0.05482 -0.32733 0.14961VAR29 0.06493 -0.09057 -0.52768 -0.37527 -0.31020 -0.32492 -0.30435 -0.28604 0.34807 0.05662 -0.43579 0.05319VAR30 0.35055 0.26181 0.40404 0.44964 0.34079 0.51196 0.42345 0.25641 -0.02236 -0.24708 -0.07661 0.09315w VAR31 -0.11990 -0.50867 -0.09028 0.26360 0.06817 0.01650 -0.03926 -0.02362 -0.43393 0.31296 0.32659 0.16124"'-J VAR36 0.62525 0.63270 -0.04521 -0.06992 0.16493 0.06122 0.14640 -0.04001 0.13644 -0.35000 -0.37965 -0.40099"'-J VAR39 0.08011 0.21081 0.28975 0.35352 0.47475 0.21267 0.51644 0.48226 0.22405 0.20952 -0.20203 0.20341VAR43 0.44192 0.56569 0.06071 0.16621 -0.02156 0.06592 0.25113 0.34408 0.32824 0.18011 -0.53661 -0.07590VAR44 0.20226 0.21680 0.31758 0.36871 0.45466 0.23938 0.48546 0.46847 0.20848 0.19380 -0.26599 0.11401VAR62 0.34145 0.66459 -0.02624 -0.12975 -0.04947 -0.07663 0.17764 0.20102 0.20344 -0.02233 -0.17624 -0.14207VAR63 0.60930 0.46608 0.26959 0.20664 0.05861 0.32216 0.17960 0.02474 -0.04973 -0.16272 -0.27635 -0.16671VAR86 1.00000 0.28944 0.05663 0.19791 0.17234 0.26005 0.14939 0.01060 -0.01825 -0.21636 -0.31136 -0.17506VAR67 0.26944 1.00000 0.11165 -0.16223 0.14061 0.05112 0.33792 0.03247 0.17317 -0.53665 -0.14340 -0.34191VAR97 0.05663 0.11165 1.00000 0.71691 0.45661 0.66161 0.36462 0.23584 -0.25666 -0.17557 0.17431 -0.15131VAR99 0.19791 -0.16223 0.71691 1.00000 0.27271 0.76765 0.32603 0.14695 -0.25694 0.00695 0.09351 0.11572VARI02 0.17234 0.14061 0.45661 0.27271 1.00000 0.57215 0.82674 0.44565 -0.49736 -0.16142 0.26772 0.14113VARI03 0.26005 0.05112 0.66181 0.76765 0.57215 1.00000 0.66109 0.31216 -0.47724 -0.25321 0.14206 0.13422VARI04 0.14939 0.33792 0.36462 0.32603 0.82674 0.66109 1.00000 0.66629 -0.43184 -0.17054 0.22093 0.26956VARIIO 0.01060 0.03247 0.23564 0.14695 0.44565 0.31216 0.66629 1.00000 -0.27849 0.37454 -0.03703 0.19146VARI15 -0.01825 0.17317 -0.25866 -0.25694 -0.49736 -0.47724 -0.43184 -0.27849 1.00000 0.07569 -0.51150 0.06982VARI16 -0.21636 -0.53665 -0.17557 0.00695 -0.16142 -0.25321 -0.17054 0.37454 0.07569 1.00000 -0.32116 0.10951VAAl 16 -0.31138 -0.14340 0.17431 0.09351 0.26772 0.14206 0.22093 -0.03703 -0.51150 -0.32116 1.00000 0.24606VARI19 -0.17506 -0.34191 -0.15131 0.11572 0.14113 0.13422 0.26956 0.19146 0.06962 0.10951 0.24606 1.00000BCEI8 -0.11441 0.24699 0.89621 0.45767 0.47497 0.52130 0.47384 0.27008 -0.33215 -0.21603 0.34124 -0.12676XEI8 0.09151 0.39679 0.62974 0.32303 0.66624 0.45928 0.57687 0.35692 -0.13539 -0.16430 0.03400 0.02330XEI9 -0.31179 -0.19709 -0.15581 -0.25164 -0.31629 -0.25736 -0.25232 0.12905 -0.06945 0.36376 -0.01744 -0.39930XEI93 -0.13262 0.19222 -0.30542 -0.43757 -0.50061 -0.45569 -0.32707 -0.06076 0.04660 0.00913 -0.04250 -0.36900



Table 195 continued

BCEI6 XEI6 XEI9 XEI93
VAAl 0.22037 -0.27771 0.60073 0.51796
VAA2 0.57736 0.66173 -0.14566 -0.11956
VAA91 0.24175 -0.16073 0.56706 0.64287
CTEfl6 0.21100 0.02371 0.07658 0.07552
CTEf19 0.29911 -0.13213 0.01717 0.11355
CTEf193 0.61072 0.41947 0.00436 -0.09079
VAAl 1 -0.14929 0.20162 -0.23668 -0.05613
VAAI5 -0.28246 -0.25369 0.34552 0.33154
VAR19 -0.45173 -0.21192 0.26957 0.32154
VAA22 0.36335 0.46513 -0.63012 -0.39389
VAA23 0.26198 0.15121 0.01467 -0.01665
VAA24 -0.03666 0.07914 -0.32907 -0.09251
VAA25 0.15180 0.15661 -0.49449 -0.32556
VAR26 0.15481 0.35457 -0.16878 -0.05317
VI\R28 -0.25760 -0.51566 -0.01264 0.05086
VAR29 -0.51704 -0.52103 -0.20493 -0.10395
VAR30 0.28760 0.28547 -0.47006 -0.45028

w VI\R31 -0.19643 -0.07791 -0.22288 -0.33216
'-J VI\R38 -0.15866 0.24796 -0.21488 0.00314
(P VAR39 0.15065 0.58442 -0.35542 -0.41263

VI\R43 -0.03721 0.30728 -0.19662 -0.00096
VAR44 0.14292 0.60511 -0.30645 -0.34199
VAA82 0.01936 0.44686 -0.11641 0.12190
VI\R83 0.23149 0.26431 -0.32450 -0.15627
VAR86 -0.11441 0.09151 -0.31179 -0.13262
VAR87 0.24699 0.39679 -0.19709 0.19222
VAR97 0.69621 0.62974 -0.15581 -0.30542
VAA99 0.45767 0.32303 -0.25164 -0.43757
VARI02 0.47497 0.66624 -0.31629 -0.50061
VAAI03 0.52130 0.45928 -0.25736 -0.45569
VARI04 0.47384 0.57687 -0.25232 -0.32707
VAAl 10 0.27008 0.35692 0.12905 -0.06076
VAAI15 -0.33215 -0.13539 -0.06945 0.04660
VAR1I6 -0.21603 -0.16430 0.36376 0.00913
VAA1I6 0.34124 0.03400 -0.01744 -0.04250
VAR1I9 -0.12676 0.02330 -0.39930 -0.36900
BCEI8 1.00000 0.57206 -0.05298 -0.12937
XE18 0.57206 1.00000 -0.31121 -0.37094
XE19 -0.05298 -0.31121 1.00000 0.73325
XEI93 -0.12937 -0.37094 0.73325 1.00000



Table 196. Summary of results of final stepwise multiple regression analysis of brown shrimp total catch (area 18)with
environmental variables and indices of recruitment for the eighteen year (1960-1977)data set.

VARIABLE (UNITS GIVEN IN TABLE 3)
VAR102 LAG BAY CAT 19
VAR19 APR-JUN FRE PREC
VAR87 JUL-SEP GUAD DIS
VAR99 BAY TRIPS 18
VAR97 BAY CAT 18
VAR110 MAY FRE PREC
VAR30 MAR GAL FAST WIND DIR
(CONSTANT)

MULTIPLE R
0.49844
0.67777
0.83550
0.92210
0.94171
0.94770
0.95504

DEPENDENT VARIABLE•• VAR2 TOT CAT 18 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.24844 0.24844
0.45938 0.21094
0.69806 0.23868
0.85026 0.15220
0.88681 0.03655
0.89813 0.01132
0.91211 0.01398

SIMPLE R
0.49844

-0.46965
0.47009

-0.09863
0.40979
0.03209
0.08369

B

0.2703884
-2.680636
0.7702933
-5.147658
0.1Y01539

1.4763tl9
-0.8329804E-01

79.91170

BETA
0.4.519~

-0.71887
0.44127

-0.~6222
0.25160
0.1/600

-0.1'1877

SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 197. Summary of results of final stepwise multiple regression analysis of brown shrimp total catch (area 19)with
environmental variables and indices of recruitment for the eighteen year (1960·1977)data set.

BETA
-O.tJ8929
-0.62670
0.:>1592

-0 ..58577
0.:>2121

-0.:>0913
-0.11219

B

-0.8049794
-0.6711570

15.93666
-8.840268
35.47,81

-0.4711731
-0.8627204
-119.6Y71

SIMPLE R
-0.64202
-0.3Y700
0.51118

-0.63792
-0.53291
-0.14079
-0.1ti627

MULTIPLE R
0.64202
0.84273
0.89676
0.95464
0.96956
0.98206
0.98678

TOT CAT 19 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.41219 0.4121Y
0.71019 0.29800
0.80417 0.09398
0.91134 0.10716
0.94005 0.02871
0.96443 0.02438
0.97374 0.00931

VAR1

(UNITS GIVEN IN TABLE 3)
ANNUAL MISS DIS
APR GAL fAST WIND DIR
APR NOS GAL MEAN TEMP
MAR NOS GAL MIN TEMP
MAR NOS fRE HI TIDE
MAR NOS GAL MIN DEN
LAG BAY TRIPS 18

DEPENDENT VARIABLE ••

VARIABLE
VAR11
VAR31
VARl18
VAR22
VAR26
VAR24
VAR103
(CONSTANT)

w
00
C>

SEE TABLES 5 AND 1 FOR REFERENCE NU~IDERAND VARIABLE NAME, RESPECTIVELY.



Table 198. Summary of results of final stepwise multiple regression analysis of brown shrimp total catch (area 19, 11-15
fathom depths~with environmental variables and Indices of recruitment for the eighteen year (1960-1977)data
set.

DEPENDENT VARIABLE •• VAR91 TOT CAT 19 DPTH 3 (POUNDS, HEADS OFf) X 10-5

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 3) MULTIPLE R R SQUARE RSQ CHANGE SIMPU::R B BETA
VAR31 APR GAL FAST WIND DIR 0.53120 0.28218 0.28218 -0.53120 -0.8763438 -1.34683
VAR118 APR NOS GAL MEAN TEMP 0.78871 0.62207 0.33989 0.34067 18.25951 0.97264
VAR39 LAG ANNUAL MISS DIS 0.85088 0.72401 0.10194 -0.49013 0.3738641 0.51843

w VAR15 APR-JUN TRIN DIS 0.89535 0.80165 0.07764 0.09756 0.9176419E-01 0.61481(X)•..... VAR104 LAG BAY TRIPS 19 0.91986 0.84614 0.04449 -0.03446 -6.487311 -1.31800
VARl15 FEB GAL FASTEST WIND 0.94634 0.89555 0.04941 -0.10979 -5.097424 -0.98280
VAR25 APR NOS GAL MIN DEN 0.96750 0.93605 0.04050 -0.08150 1.112663 0.44071
VAR86 APR-JUN GUAD DIS 0.98679 0.97376 0.03771 -0.19887 -0.2520423 -0.33561
VAR43 ANNUAL ATCH DIS 0.99347 0.98698 0.01323 -0.23036 0.7:>83748E-01 0.21636
(CONSTANT> -74.67311

SEE TABLES 5 AND 1 FOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 199. Summary of results of final stepwise multiple regression analysis of brown shrimp total catch (area 18)with
environmental variables, indices of recruitment, and offshore non-directed effort for the eighteen year
(1960-1977)data set.

BETA
0.43254
0.47235

-0.40051
-0.29925
0.20955

B

0.3547988
6.588375

-0.2740654
-1.115876
0.3657956
-7/.12055

SIMPLE R
0.68173
0.46818

-0.300/5
-0.46965
0.47009

MULTIPLE R
0.68173
0.77535
0.89124
0.92188
0.93569

TOT CAT 18 (POUNDS, HEADS OFF) X'10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.46476 0.46476
0.60117 0.13641
0.79432 0.19314
0.84985 0.05554
0.87553 0.02567

VAR2

(UNITS GIVEN iN TABLE 3)
EXP TOT EFF 18
APR NOS GAL MIN TEMP
APR GAL FAST WIND DIR
APR-JUN FRE PREC
JUL-SEP GUAD DIS

DEPENDENT VARIABLE ••

VARIABLE
XE18
VAR23
VAR31
VAR19
VAR87
(CONSTANT>

w
~ SEE TABLES 5 AND 1 FOR REFERENCE NU~eER AND VARIABLE NAME, RESPECTIVELY.

Table 200. Summary of results of final stepwise multiple regression analysis of brown shrimp total catch (area 19)with
environmental variables, Indices of recruitment, and offshore non-directed effort for the eighteen year
(1960-1977)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

BETA

-0.37719
-0.55602
0.466~1
0.37854

B

-0.4404939
-0.5740495

14.41049
0.3031347
-145.4988

SIMPll:R
-0.64202
-0.3Y700
0.51118
0.60123

MULTIPLE R
0.64202
0.84273
0.89676
0.95970

TOT CAT 19 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.41219 0.41219
0.71019 0.29800
0.80417 0.09398
0.92103 0.11685

VAR1

(UNiTS GIVEN IN TABLE 3)
ANNUAL MISS DIS
APR GAL FAST WIND DIR
APR NOS GAL MEAN TEMP
EXP TOT EFF 19

DEPENDENT VARIABLE ••

VARIABLE
VAR11
VAR31
VARl18
XE19
(CONSTANT)
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 201. Summary of results of final stepwise multiple regression analysis of brown shrimp total catch (area 19, 11·15
fathom depths) with environmental variables, Indices of recruitment, and offshore non-directed effort for the
eighteen year (1960-1977)data set.

BETA
0.79519
0.38113

-0.40716
0.57L40

-U.40779
-0.14662

B

0.6403515
7.155024

-0.2649276
1.445133

-0.5519877
-0.7604729
-114.2778

SIMPLE R
0.840/4
0.34067

-0.53120
-0.08150
-0.02452
-0.10979

MULTIPLE R
0.84074
0.91117
0.97679
0.98292
0.99109
0.99702

TOT CAT 19 DPTH 3 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.70684 0.70684
0.83022 0.12339
0.95413 0.12390
0.96614 0.01201
0.98226 0.01612
0.99404 0.01178

VAR91

(UNITS GIVEN IN TABLE 3)
EXP TOT EFF 19 DPTH 3
APR NOS GAL MEAN TEMP
APR GAL FAST WIND DIR
APR NOS GAL MIN DEN
MAR NOS GAL MIN DEN
FEB GAL FASTEST WIND

VARIABLE
XE193
VARl18
VAR31
VAR25
VAR24
VARl15
(CONSTANT)

DEPENDENT VARIABLE ••

w~ SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.

Table 202. Summary of results of final stepwise multiple regression analysis of brown shrimp Interview catch/effort
(area 18) with environmental variables and Indices of recruitment for the eighteen year (1960-1977)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENT VARIABLE •• CTEF18 CAT-EFF 18 (POUNDS, HEADS OFF/DAY)

BETA

0.84306
-0.55166
-0.35366
-0.14123
0.11840

B

144.5151
-3.278523
-3.854034
-4.615282

1.480365
-2075.925

SIMPLE R
0.64421

-0.21761
-0.11046
-0.47889
-0.00746

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.41500 0.41500
0.62006 0.20506
0.73366 0.11360
0.75801 0.02435
0.76897 0.01096

MUL.TIPLER
0.64421
0.78744
0.85654
0.87064
0.87691

<UNITS GIVEN IN TABLE 3)
APR NOS GAL MEAN TEMP
APR GAL FAST WIND DIR
LAG BAY CAT-TRIP 18
APR-JUN FRE PREC
MAR NOS GAL MIN DEN

VARIABLE
VJ\R118
VAR31
BCEL18
VAR19
VAR24
(CONSTANT)

SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 203. Summary of results of final stepwise multiple regression analysis of brown shrimp interview catch/effort
(area 19) with environmental variables and Indices of recruitment for the eighteen year (1960-1977)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

(UNITS GIVEN IN TABLE 3)
APR NOS GAL MEAN TEMP
APR NOS GAL MIN DEN
LAG ANNUAL ATCH DIS
ANNUAL MISS DIS
JUl-SEP GUAD DIS

MULTiPlE R
0.72344
0.81784
0.91814
0.93116
0.96585

DEPENDENT VARIABLE ••

VARIABLE
VARl18
VAR25
VAR44
VARll
VAR87
(CONSTANT)

CTEF19 CAT-EFF 19 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.52336 0.52336
0.66887 0.14551
0.84299 0.17412
0.86707 0.02408
0.93287 0.06580

SIMPLE R
0.7£344
0.36166

-0.45383
-0.68607
0.00619

B

53.08143
7.6~2148

-0.8507021
-2.185008
3.580587

-2/8.7L.67

BETA
0.41600
0.44011

-O.3~257
-0.45293
0.32198

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.

Table 204. Summary of results of final stepwise multiple regression analysis of brown shrimp interview catch/effort
(area 19,11·15 fathom depths) with environmental variables and indices of recruitment for the eighteen year
(1960-1977)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .
DEPENDENT VARIABLE •• CTEF193 CAT-EFF 19 DPTH 3 (POUNDS, HEADS OFF/DAY)

BETA

-0.57416
0.09796

-0.39826
-0.34689
0.39711
0.25486
0.26971

B

-15.74319
13.07577

-1.895400
-6.228256
3.415300
59.89716
7.004871

-5jl.8463

SIMPLE R
-0.73546
0.6Y366

-0.39073
-0.24797
0.60910
0.18785

-0.40417

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.54090 0.54090
0.67068 0.12978
0.73158 0.06090
0.77659 0.04501
0.82851 0.05193
0.86780 0.03929
0.91260 0.04480

MULTIPLE R
0.73546
0.81895
0.85532
0.88124
0.91023
0.93156
0.95530

(UNITS GIVEN IN TABLE 3)
APR GAL FASTEST WIND
APR NOS GAL MEAN TEMP
FEB GAL FAST WIND DIR
OCT-DEC MISS DIS
BAY CAT-TRIP 18
MAY NOS GAL MEAN TEMP
APR-JUN FRE PREC

VARIABLE
VAR29
VAR118
VARl16
VAR83
BCE18
VARl19
VAR19
(CONSTANT)- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 5 AND 1 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 205. Correlation matrix showing the simple bivariate Pearson product-moment correlation coefficients between
all possible pairs of variables in the ten year (1964-1973)data set used to relate white shrimp total catch and
Interview catch/effort variables to environmental variables and Indices of recruitment.

(UNITS GIVEN IN TABLE 4)
VARI VAR2 VAR68 CTEfl8 CrEfl9 Cfl:fl93 VARI8 VAH20 VAR26 VAR29 VAIUI VARj7

VARI 1.00000 0.62975 -0.34055 0.80483 0.76076 0.09913 0.46991 0.03420 0.77034 -0.50693 -0.3:1659 0.73011
VAR2 0.62975 1.00000 -0.60146 0.61675 0.56501 0.11663 0.37449 0.53402 0.20816 0.12387 -0.842117 0.74080
VAR68 -0.34055 -0.60146 1.00000 -0.32114 -0.00981 0.47672 0.01710 -0.19923 -0.03045 -0.18930 0.5\396 -0.11935
CTEfl8 0.1l0483 0.61875 -0.32114 1.00000 0.89045 0.36957 0.70676 0.50094 0.59181 -0.34825 -0.48468 0.74390
CTEfl9 0.78076 0.56501 -0.00981 0.69045 1.00000 0.61667 0.65402 0.41034 0.661u2 -0.46604 -0.14331 0.72887
CTEfl93 0.09913 0.11663 0.47672 0.36957 0.61687 1.00000 0.76105 0.57929 0.20849 -0.05361 0.15567 0.34473
VAR18 0.46991 0.37449 0.01710 0.70676 0.85402 0.78105 1.00000 0.49063 0.3~353 -0.46,64 0.04802 0.40821
VAR20 0.03420 0.53402 -0.19923 0.50094 0.41034 0.57929 0.49063 1.00000 0.03616 0.47249 -0.36779 0.38626
VAR26 0.17034 0.20816 -0.03045 0.59161 0.66162 0.20849 0.39353 0.03616 1.00000 -0.51620 0.04418 0.~1352
VAR29 -0.50693 0.12387 -0.16930 -0.34625 -0.48604 -0.05361 -0.46564 0.47249 -0.51620 1.00000 -0.45175 0.02917
VAR31 -0.35659 -0.64267 0.51396 -0.48468 -0.14331 0.15567 0.04602 -0.311779 0.04416 -0.45175 1.00000 -0.60255
VAR37 0.73011 0.74080 -0.11935 0.74390 0.72807 0.34473 0.40821 0.3u626 0.51552 0.02917 -0.60255 1.00000w
VAR40 -0.3~519 -0.23296 -0.36873 -0.59227 -0.62166 -0.42372 -0.54917 -0.03993 -0.36256 0.63960 0.00550 -0.2686800

U1 VAR44 0.03800 -0.30682 0.35614 -0.20567 0.00542 0.11589 -0.26767 -0.22054 0.37512 0.05236 0.33666 0.09061
VAR52 0.74451 0.85434 -0.34921 0.76921 0.61524 0.20041 0.29177 0.43415 0.52031 0.13011 -0.763:12 0.91851
VAH53 0.42828 0.41240 -0.20651 0.48248 0.56386 0.13357 0.42422 0.16913 0.02115 -0.3:1549 -0.11761 0.35185VAR55 0.47235 0.14739 -0.00002 0.15734 0.32010 0.24945 0.38185 -0.06608 0.32095 -0.12355 -0.05153 0.41025VAR64 -0.44520 -0.55324 0.49820 -0.62533 -0.54914 -0.24992 -0.42776 -0.43310 -0.40756 0.16851 0.116j4 -0.29990VAR66 -0.44363 -0.82666 0.37992 -0.72607 -0.48737 -0.20999 -0.38270 -0.64950 -0.22706 -0.27415 0.78214 -0.73481VAR79 -0.14338 -0.42422 0.82366 -0.10086 0.05554 0.35110 0.01091 -0.06075 0.31940 -0.10429 0.27977 0.06423VAR07 -0.51424 -0.69160 0.43065 -0.61170 -0.36401 -0.03561 -0.09332 -0.37462 -0.10854 -0.26975 0.8\1180 -0.70294VAR68 0.55793 0.27265 -0.18950 0.16143 0.15205 -0.20416 -0.13860 -0.18000 0.33050 -0.03546 -0.38937 0.30026VAR91 -0.31821 -0.43421 0.67240 -0.19158 0.06007 0.48104 0.30175 0.17610 -0.15603 -0.01206 0.35161 -0.10706VAR94 0.80841 0.17124 0.01527 0.60809 0.77779 0.34842 0.63331 -0.04948 0.895jl -0.74751 0.20944 0.42301VAR96 -0.21791 -0.07340 -0.58452 -0.32470 -0.57065 -0.81216 -0.52505 -0.19991 -0.44~62 0_22379 -0.12~73 -0.471~1VAR97 0.21790 0.20638 -0.12052 0.38077 0.37457 0.51914 0.44421 0.70460 0.57096 0.19882 -0.05945 0.30036I~CfI9 0.33035 0.01348 -0.41845 0.30485 0.16962 -0.30203 0.15339 -0.12305 0.44136 -0.6'226 0.23575 -0.27480XEIO -0.19306 0.50353 -0.24694 0.07125 -0.24398 -0.16206 -0.24959 0.31612 -0.47319 0.6u227 -0.78737 0.26504XEI9 0.71490 0.27314 -0.21338 0.27105 0.22782 -0.39334 -0.07089 -0.51209 0.45803 -0.37099 -0.32699 0.47055XEI93 0.40171 0.19727 -0.22931 0.25375 0.07678 -0.30151 -0.00573 -0.16955 0.43u85 -0.16007 -0.30959 0.20696



Table 205 continued

VAR40 VAR44 VAR~2 VAR53 VAR55 VAR64 VAR66 VAR79 VAtUI7 VAR88 VAR91 VAR94
VARI -0.39519 0.03800 0.74451 0.42828 0.47255 -0.44520 -0.44363 -0.14338 -0.51424 0.55793 -0.31821 0.80841
VAR2 -0.23296 -0.30682 0.85434 0.41240 0.14739 -0.55324 -0.82686 -0.42422 -0.89160 0.27265 -0.43421 0.17124VAR68 -0.36873 0.35814 -0.34921 -0.20651 -0.08002 0.49820 0.31992 0.82386 0.43085 -0.ltl950 0.61240 0.01527
CTEfl8 -0.59221 -0.20561 0.16921 0.48248 0.15734 -0.62533 -0.12601 -0.10086 -0.61110 0.18143 -0.19158 0.60809CTEfl9 -0.62186 0.00542 0.61524 0.56386 0.32010 -0.54914 -0.48731 0.05554 -0.36401 0.15205 0.06087 0.17179
CTEfl93 -0.42372 0.11589 0.20041 0.13357 0.24945 -0.24992 -0.20999 0.35110 -0.03561 -0.20418 0.48104 0.34642VAR18 -0.54911 -0.26161 0.29171 0.42422 0.38185 -0.42176 -0.38210 0.01091 -0.09332 -0.13860 0.30775 0.63331
VAR20 -0.03993 -0.22054 0.43415 0.16913 -0.06608 -0.4331t1 -0.64950 -0.06015 -0.31462 -0.18000 0.17610 -0.04948
VAR26 -0.36256 0.37512 0.52831 0.02115 0.32095 -0.40156 -.0.22706 0.31948 -0.10854 0.33850 -0.15603 0.89551
VAR29 0.63960 0.05236 0.13011 -0.35549 -0.12355 0.16851 -0.21415 -0.10429 -0.26915 -0.03546 -0.01206 -0.14751
VAR31 0.00550 0.33666 -0.16352 -0.11761 -0.05153 0.11634 0.18214 0.21911 0.89180 -0.3u931 0.35161 0.20944
VAR31 -0.26868 0.09061 0.91851 0.35183 0.41025 -0.29990 -0.73481 0.06423 -0.10294 0.3t1026 -0.10106 0.42301

w VAR40 1.00000 0.00259 -0.22350 -0.28434 0.23103 0.24580 0.14841 -0.38782 0.21951 0.00190 -0.08591 -0.47442ex> VIIR44 0.00259 1.00000 0.08092 -0.15672 -0.08503 -0.16951 0.45870 0.37304 0.03005 0.30921 -0.20566 0.24683Q)
VAR52 -0.22350 0.08092 1.00000 0.20003 0.30461 -0.43225 -0.11382 -0.04962 -0.85451 0.46611 -0.35921 0.31191
VIIR53 -0.28434 -0.15672 0.20003 1.00000 -0.02304 -0.31000 -0.11205 -0.45131 -0.29569 0.24194 0.04564 0.24815
VAR55 0.23103 -0.08503 0.30461 -0.02304 1.00000 0.07934 -0.21386 -0.12233 -0.02146 0.l49b0 0.10642 0.45631
VIIR64 0.24580 -0.16951 -0.43225 -0.31000 0.01934 1.00000 0.26220 0.3\1745 0.3U661 0.06549 0.59946 -0.43527
VAR66 0.14841 0.45810 -0.17382 -0.11205 -0.21386 0.26220 1.00000 0.06860 0.64082 0.00343 0.07812 -0.01903
VAR19 -0.38182 0.37304 -0.04962 -0.45131 -0.12233 0.39145 0.06860 1.00000 0.28582 -0.10251 0.51432 0.14634
VAR81 0.21951 0.03005 -0.85451 -0.29569 -0.02146 0.36861 0.64082 0.28582 1.00000 -0.50396 0.48784 -U.01348
VAH88 0.00190 0.30921 0.48611 0.24194 0.24960 0.06549 0.00343 -0.10251 -0.50396 1.00000 -0.20780 0.29167VAR91 -0.08591 -0.20566 -0.35921 0.04564 0.10642 0.59946 0.01812 0.51432 0.48184 -0.20160 I.UOOOO -0.06251
VIIR94 -0.41442 0.24683 0.31191 0.24815 0.45831 -0.43527 -0.07903 0.14634 -0.01348 0.29167 -0.06251 1.00000VAR96 0.52945 -0.49804 -0.36096 0.06614 -0.28388 0.22236 0.09104 -0.55211 0.15941 -0.03993 -0.ltl230 -0.49391VAR91 0.01473 0.18493 0.36119 -0.31011 0.29133 -0.34701 -0.48199 0.31383 -0.02705 -0.04331 0.14468 0.39046WCEI9 -0.2~269 -0.11663 -0.12048 0.15723 -0.25794 -0.45305 0.13201 -0.21632 0.19171 0.00054 -0.32659 0.47161XE18 0.15194 -0.45619 0.35380 -0.19519 -0.10158 0.16639 -0.64199 -0.12114 -0.55431 -0.12910 -0.15104 -U.64435XEI9 -0.06425 0.00058 0.45386 0.12146 0.52764 0.16215 -0.19272 -0.06589 -0.29966 0.61232 -0.27782 0.44114XEI93 0.02640 -0.34150 0.33295 -0.39013 0.42621 0.18134 -0.49554 0.17375 -0.04052 0.04546 -0.10810 0.27070



Table 205 continued

VAR96 VAR97 WCE19 XE16 XEI9 XE19jVARI -0.27791 0.21790 0.33035 -0.19366 0.71490 0.40771VAR2 -0.07340 0.20636 0.01346 0.50353 0.27314 0.19727VAR66 -0.56452 -0.12052 -0.41645 -0.24694 -0.21336 -0.22931CTEfl6 -0.324/0 0.311077 0.30465 0.07125 0.27105 0.25375
CTEfl9 -0.57065 0.37457 0.16962 -0.24396 0.22762 0.07678
CTEfl93 -0.61276 0.51914 -0.30203 -0.16266 -0.39334 -0.301~1
VARI6 -0.52505 0.44421 0.15339 -0.24959 -0.07089 -0.00~73
VAR20 -0.19991 0.70460 -0.12305 0.31812 -0.51209 -0.16955
VAR26 -0.44562 0.57096 0.44136 -0.47319 0.45803 0.43885
VAR29 0.22379 0.19862 -0.65226 0.68227 -0.37699 -0.16887
VAR31 -0.125/3 -0.05945 0.23575 -0.78737 -0.32699 -0.30959
VAR37 -0.47157 0.30036 -0.27468 0.26504 0.47855 0.28698

w VAR40 0.52945 0.07473 -0.25269 0.15194 -0.06425 0.02640
ex> VAR44 -0.49804 0.18493 -0.11663 -0.45679 0.00058 -0.34150" VAR52 -0.36096 0.311719 -0.12048 0.35380 0.45366 0.33295

VAR53 0.06674 -0.31011 0.15723 -0.19519 0.12746 -0.3!J013
VAR55 -0.28388 0.29133 -0.25794 -0.10758 0.52764 0.42627
VAR64 0.22236 -0.34707 -0.45305 0.16639 0.16215 0.18734
VAR66 0.09104 -0.48199 0.13207 -0.64199 -0.19272 -0.49554
VAR79 -0.55211 0.31383 -0.21832 -0.12714 -0.06569 0.17375
VAR87 0.15947 -0.02705 0.19171 -0.55431 -0.29966 -0.04052
VAR86 -0.03993 -0.04337 0.00054 -0.12910 0.61232 0.04546
VAR91 -0.lu230 0.14486 -0.32659 -0.15104 -0.27782 -0.10810
VAR94 -0.49391 0.39046 0.47161 -0.64433 0.44174 0.27070
VAR96 1.00000 -0.47304 0.33843 0.20212 0.03866 0.13226
VAR97 -0.47304 1.00000 0.11263 -0.10428 -0.21409 0.26050
WCE19 0.33843 0.11263 1.00000 -0.50622 0.07296 0.16934
XE18 0.20212 -0. \0426 -0.50622 1.00000 -0.00839 0.25082
XEI9 0.03866 -0.21409 0.07296 -0.00839 1.00000 0.63776
XEI93 0.13226 0.26050 0.16934 0.25062 0.63776 1.000ao

SEE TABLES 6 AND 2 fOR RefERENCE: HUMBER AND VARIABLE HAlE, RESPECTlvav.



Table 206. Summary of results of final stepwise multiple regression analysis of white shrimp total catch (area 18)with
environmental variables and Indices of recruitment for the ten year (1964-1973)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .

BETA
-0.30246
-U.64133
-0.45118
-0.24680
0.1653Y

B

-0.2908958
-0.8314288E-01
-0.7452259
-0.7360900
0.ltl18942
50.28834

SIMPLI:.R
-0.89160
-0.82686
-0.42422
-0.23296
-0.30682

MULTIPLE R
0.89160
0.95170
0.97943
0.99382
0.99906

TOT CAT 18 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.79495 0.79495
0.90573 0.11077
0.95927 0.05355
0.98768 0.02840
0.99812 0.01044

VAR2

(UNITS GIVEN IN TABLE 4)
JUNE GAL FASTEST WINO
AUG EKMAN ZONAL IND
LAG BAY TRIPS 19
JAN NOS GAL MIN TEMP
LAG OCT-DEC FRE PREC

DEPENDENT VARIABLE ••

VARIABLE
VAR87
VAR66
VAR79
VAR40
VAR44
(CONSTANT)W

0:>
0:>

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.

Table 207. Summary of results of final stepwise multiple regression analysis of white shrimp total catch (area 19)with
environmental variables and Indices of recruitment for the ten year (1964-1973)data set.

(UNITS GIVEN IN TABLE 4)
AUG GAL FAST WIND DIR
APR-JUN GAL MEAN FASTEST WIND
JUN FRE HI TIDE
APR-JUN FRE DAYS GT 90 F

MULTIPLE R
0.82821
0.97313
0.99091
0.99784

DEPENDENT VARIABLE ••

VARIABLE
VAR94
VAR31
VAR97
VAR29
(CONSTANT)

VAR1 TOT CAT 19 (POUNDS, HEADS OFF> X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.68593 0.6tl593
0.94699 0.26106
0.98190 0.03491
0.99566 0.01378

SIMPU:. R
0.82821

-0.36430
0.21790

-0.50693

B

0.2011332
-0.9263289
-7.068558
0.5207198
68.17908

BETA
1.3~789

-0.44050
-0.41643
0.39191

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 206. Summary of results of final stepwise multiple regression analysis of white shrimp total catch (area 19, 11·15
fathom depths) with environmental variables and indices of recruitment for the ten year (1964-1973)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - -. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENT VARIABLE •• VAR68 TOT CAT 19 DPTH 3 (POUNDS, HEADS OFF) X 10-5

BETA
0.52610

-0.32477
-0.23832
-0.21361

B

0.7048559E-01
-0.2327372E-01
-0.2852020
-0.6~14174E-01

1.866147

SIMPLE R
0.87988

-0.50412
-0.12052
-0.32810

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.77419 0.77419
0.87964 0.10546
0.94462 0.06497
0.98940 0.04478

MULTIPLE R
0.87988
0.93789
0.97191
0.99468

(UNITS GIVEN IN TABLE 4)
OCT GAL FASTEST WIND
JUL GAL FASTEST WIND
JUN FRE HI TIDE
JAN NOS GAL MIN TEMP

VARIABLE
VAR91
VAR88
VAR97
VAR40
(CONSTANT>

w
00
\0

SEE TABLES 6 AND 2 FOR REFERENCE NU~~ER AND VARIABLE NAME, RESPECTIVELY.

Table 209. Summary of results of final stepwise multiple regression analysis of white shrimp total catch (area 18) with
environmental variables, indices of recruitment, and offshore non-directed effort for the ten year (1964-1973)
data set.

DEPENDENT VARIABLE •• VAR2 TOT CAT 18 (POUNDS, HEADS OFF) X 10-5

VARIABLE
VAR87
VAR66
VAR79
VAR40
VAR44
XE18
(CONSTANT>

(UNITS GIVEN IN TABLE 4)
JUNE GAL FASTEST WIND
AUG EKMAN ZONAL IND
LAG BAY TRIPS 19
JAN NOS GAL MIN TEMP
LAG OCT-DEC FRE PREC
EXP TOT EFF 18

MULTIPLE R
0.89160
0.95170
0.97943
0.99382
0.99906
0.99994

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.79495 0.79495
0.90573 0.11077
0.95927 0.05355
0.98768 0.02840
0.99812 0.01044
0.99988 0.00176

SIMPLE R
-0.89160
-0.82686
-0.42422
-0.23296
-0.30682
0.50353

B

-0.3731173
-0.8082440E-01
-0.6,08532
-0.5818882
0.1082813

-0.2045870E-01
52.47613

BETA
-0.35795
-0.62345
-0.39405
-0.19510
0.09846

-0.08725

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 210. Summary 01 results oilinal stepwise multiple regression analysis 01 white shrimp total catch (area 19)with
environmental variables, Indices 01 recruitment, and offshore non·dlrected effort lor the ten year (1964-1973)
data set.

(UNITS GIVEN IN TABLE 4)
AUG GAL FAST WIND DIR
APR-JUN GAL MEAN FASTEST WIND
JUN FRE HI TIDE
APR-JUN FRE DAYS GT 90 F
EXP TOT EFF 19

MULTIPLE R
0.82821
0.97313
0.99091
0.99784
0.99852

DEPENDENT VARIABLE ••

VARIABLE
VAR94
VAR31
VAR97
VAR29
XE19
(CONSTANT)

VAR1 TOT CAT 19 (POUNDS, HEADS OFF) X to-5

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.68593 0.6tl593
0.94699 0.26106
0.98190 0.03491
0.99568 0.01378
0.99705 0.00137

SIMPlI:R
0.82821

-0.36430
0.21790

-0.50693
0.71776

B

0.1902832
-0.8771301
-6.231857
0.4800759
0.9283759E-02
61.166tl6

BETA
1. L8464

-0.41.710
-0.36714
0.56132
0.06174

~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
~ SEE TABLES 6 AND 2 FOR REFERENCE NU~mER AND VARIABLE NAME, RESPECTIVELY.

Table 211. Summary 01 results oilinal stepwise multiple regression analysis 01white shrimp total catch (area 19, 11-15
lathom depths) with environmental variabtes, Indices of recruitment, and offshore non-directed effort for the
ten year (1964-1973)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

BETA

O.tl4019
-0.33608
-0.26767
-0.20739
0.10115

B

0.7168820E-01
-0.2408448E-01
-0.3203223
-0.6324479E-Ol
0.1757993E-02
1.tl95755

SIMPLI:R
0.87988

-0.50412
-0.12052
-0.32810
-0.10343

MULTIPLE R
0.87988
0.93789
0.97191
0.99468
0.99927

TOT CAT 19 DPTH 3 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE
0.77419 0.77419
0.87964 0.10546
0.944b2 0.06497
0.98940 0.04478
0.99854 0.00914

VAR68

(UNITS GIVEN IN TABLE 4)
OCT GAL FASTEST WIND
JUl GAL FASTEST WIND
JUN FRE HI TIDE
JAN NOS GAL MIN TEMP
EXP TOT EFF 19 DPTH 3

DEPENDENT VARIABLE ••

VARIABLE
VAR91
VAR88
VAR97
VAR40
XE193
(CONSTANT)
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Summary of results of final stepwise multiple regression analysis of white shrimp Interview catch/effort (area
18) with environmental variables and Indices of recruitment for the ten year (1964-1973)data set.

78510
59012
20115
27795
14563
15517

o
o
o

-0.
-0
-0

1.322102
2.444285

0.2761489
-0.2268376

-2.434175
-1.200861
-139.3729

- - - - - - - - - - - - - - - - - - -

o
oo.
o

-0
o

0.59168
0.84596
0.93986
0.96780
0.98021
0.99078

0.76921
0.91976
0.96946
0.98377
0.99006
0.99538

VAR52
VAR18
WCE19
VAR55
VAR44
VAR20
(CONSTANT)
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Summary of results of final stepwise multiple regression analysis of white shrimp Interview catch/effort (area
19) with environmental variables and indices of recruitment for the ten year (1964-1973)data set.

0.7:l935
0.17350
0.05383
0.00820

0.72935
0.90284
0.95668
0.96488

MULTIPLE R

0.85402
0.95018
0.97810
0.98228



Table 214. Summary of results of final stepwise multiple regression analysis of white shaimp interview catch/effort (area
19,11·15 fathom depths) with environmental variables and Indices of recruitment for the ten year (1964-1973)
data set.

DEPENDENT VARIABLE •• CTEF193 CAT-EFF 19 DPTH 3 (POUNDS, HEADS OFF/DAY>

VARIABLE
VAR96
VAR91
VAR64
VAR26
(CONSTANT)

(UNITS GIVEN IN TABLE 4)
OCT GAL FAST WIND DIR
OCT GAL FASTEST WIND
JUL EKMAN ZONAL IND
APR-JUN FRE PREC

MULTIPLE R
0.81276
0.88045
0.96661
0.98429

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.66058 0.66058
0.77520 0.11462
0.93433 0.15913
0.96882 0.03449

SIMPLE R
-0.81276

0.48104
-0.24992

0.20849

B

-0.7859420
2.515666

-0.3766051
-0.5843961

27.ts2281

BETA
-0.64851

0.6Y585
-0.61335
-0.22203

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 215. Correlation matrix showing the simple bivariate Pearson product-moment correlation coefficients between
all possible pairs of variables in the eighteen year (1960-197n data set used to relate white shrimp total catch
and interview catch/effort variables to environmental variables and indices of recruitment.

<UNITS GIVEN IN T1.IIl£4)
VARI VAR2 VAR68 CTEF18 ClEFI9 CTEF193 VARI6 VAR18 VAAI9 VAA20 VAA23 VAR24

VARI 1.00000 0.47595 0.02852 0.78575 0.67861 0.08220 0.31568 0.32192 0.24151 0.24623 0.09712 0.19244
VAR2 0.47595 1.00000 -0.45911 0.56478 0.40435 -0.29268 0.34866 0.13662 0.43366 0.38548 0.16189 0.50996
VAR68 0.02852 -0.45911 1.00000 -0.14334 0.08196 0.47257 0.21263 -0.04083 -0.06407 -0.09807 -0.13071 0.05064
CTEFI8 0.78575 0.56478 -0.14334 1.00000 0.69185 0.12168 0.40891 0.59860 0.27443 0.48267 0.22019 0.32637
CTEFI9 0.67861 0.40435 0.08196 0.69185 1.00000 0.55891 0.48977 0.66383 0.42348 0.50055 0.58227 0.52115CTEFI93 0.08220 -0.29268 0.47257 0.12168 0.55891 1.00000 0.31932 0.45127 0.26288 0.39179 0.34689 0.06335VARI6 0.31568 0.34866 0.21263 0.40891 0.48917 0.31932 1.00000 0.39806 0.55997 0.50759 0.37863 0.32400VARI8 0.32192 0.13662 -0.04083 0.59860 0.66383 0.45127 0.39806 1.00000 0.45609 0.38763 0.56791 0.36643VARI9 0.24151 0.43366 -0.06407 0.27443 0.42348 0.26288 0.55997 0.45809 1.00000 0.52702 0.33361 0.41795VAR20 0.24623 0.38548 -0.09807 0.48267 0.50055 0.39179 0.50759 0.38763 0.52702 1.00000 O.lnll 0.20608VAR23 0.09712 0.16189 -0.13071 0.22019 0.58227 0.34669 0.37863 0.56791 0.33361 0.11311 1.00000 0.47411VAR24 0.19244 0.50996 0.05064 0.32637 0.52115 0.06335 0.32400 0.36643 0.41795 0.20606 0.47411 1.00000
VAR25 0.58526 0.02331 0.26499 0.50095 0.75162 0.49307 0.34617 0.53512 0.21334 0.15717 0.46199 0.37449
VAR26 0.66999 0.12484 0.06515 0.57027 0.67541 0.33789 0.37994 0.49162 0.21607 0.11643 0.60327 0.09056VAR30 0.12676 0.41840 -0.30434 0.05453 -0.20041 -0.50555 -0.18320 -0.32511 -0.30669 0.06088 -0.47480 -0.06732
VAR34 0.31316 0.65511 -0.34722 0.45698 0.30906 -0.06075 0.38472 0.09632 0.37583 0.13499 0.01875 0.24563VI\R39 0.03256 0.35489 -0.20551 -0.06121 0.18711 -0.03629 0.06796 0.05007 0.43555 -0.13084 0.49141 0.17549

w VAR45 0.51429 0.09158 -0.13900 0.32675 0.26555 0.00020 0.40343 0.31913 0.13151 0.10813 0.32156 -0.09960
\0 VIIR47 0.39463 0.06115 0.55253 0.26262 0.22816 -0.02074 0.46920 0.07176 0.02444 0.16013 -0.14764 0.25096w VAR49 0.25105 -0.03988 0.07871 0.03029 0.51329 0.61332 0.05615 0.30190 0.40170 0.12052 0.33131 0.10944VAR52 0.02388 0.62147 -0.41793 0.21279 0.24891 -0.10397 0.25389 0.19973 0.31784 0.02716 0.60753 0.36420VI\R76 -0.11214 0.54465 -0.72919 0.16689 -0.09900 -0.43688 -0.06992 0.00524 -0.12975 0.20684 -0.12012 0.06638VAR80 0.12486 0.46374 -0.35195 0.28613 0.38821 -0.01747 0.24442 0.49504 0.39897 0.05824 0.71603 0.60393VAR84 -0.17437 0.16138 0.00416 -0.11896 0.20055 0.24175 0.32258 0.28619 0.45860 0.22970 0.42173 0.12598VAR65 0.08932 0.06437 0.23709 -0.02551 0.52519 0.64768 0.34496 0.15089 0.35868 0.39933 0.48444 0.18491VAR86 0.44233 0.04490 0.06789 0.24906 0.52301 0.42099 0.53315 0.31525 0.34051 0.36232 0.33235 -0.11913VAR90 0.16425 -0.19765 0.22683 0.29066 0.49348 0.75327 0.02215 0.34682 0.07435 0.29028 0.11534 -0.01645VAR91 -0.02462 -0.19981 0.37464 -0.01648 0.06350 0.09620 0.25709 0.30680 0.35768 0.10553 0.03036 0.14273VAR92 0.09217 .0.14140 0.21145 0.12995 0.20604 0.21403 0.24970 0.06868 0.18305 0.39404 -0.27214 0.16215VAA93 -0.40762 -0.25016 -0.23459 -0.26054 -0.47506 -0.16363 -0.05620 -0.31729 -0.23637 -0.20300 0.08307 -0.32975VAR95 -0.05273 -0.24001 -0.18366 0.02495 0.05111 0.23508 -0.19204 0.04007 0.19592 0.17064 0.05153 -0.14399VAR96 -0.46505 0.02879 -0.33874 -0.33444 -0.16244 -0.21665 -0.12844 -0.16406 -0.00024 -0.27972 0.37204 0.21829VI\R97 0.12965 0.60102 -0.30751 0.26023 0.23908 -0.18573 0.61313 0.23233 0.59129 0.39873 0.50949 0.36195VI\R96 0.12179 0.64797 -0.51696 0.23554 0.19456 0.0017\ 0.38305 -0.04263 0.51489 0.59713 0.17732 0.08117VI\R99 0.39261 0.55122 -0.25923 0.43521 0.38436 -0.02312 0.46660 0.10230 0.28630 0.64914 0.11996 -0.00707VAR100 0.20443 0.35927 -0.07433 0.35970 0.31150 0.44224 0.18629 O. \9557 0.27056 0.589.33 -0.04994 0.36250WCEI8 0.28736 -0. \6757 0.42064 0.20483 0.07343 0.11504 0.20398 0.25549 0.14134 -0.23735 -0.05384 0.05050WCEI9 0.27426 -0.15106 0.67665 0.1304\ 0.06827 0.02161 0.26468 -0.00833 -0.01506 -0.16530 -0.17516 0.11564WCELt9 0.16157 -0.32340 0.32492 -0.00952 0.3575\ 0.74030 0.02330 0.25922 0.27960 0.03174 0.14216 -0.04051XEI8 -0.03385 0.72656 -0.25982 0.00989 0.17281 -0.13873 0.24796 -0.17173 0.44666 0.28431 0.22747 0.58150XEI9 0.65189 0.04624 0.06239 0.31836 0.01218 -0.34390 -0.21488 -0.14546 -0.11841 -0.32450 -0.32080 -0.12133XEI93 0.38964 -0.14011 0.08988 0.30748 -0.08764 -0.14581 0.00314 0.03565 0.12190 -0.15627 -0.11634 -0.10487



Table 215 continued

VAR25 VAR26 VAR30 VAR34 VI\R39 VAR45 VAR47 VAR49 VI\R52 VM76 VAR80 VAR84
VARI 0.58528 0.66999 0.12676 0.31316 0.03256 0.51429 0.39463 0.25105 0.02388 -0.11214 0.12486 -0.17437
VAR2 0.02331 0.12484 0.41840 0.65511 0.35489 0.09156 0.06115 -0.03966 0.62147 0.54465 0.46374 0.16158
VAR66 0.26499 0.06515 -0.30434 -0.34722 -0.20551 -0.13900 0.55253 0.07871 -0.41793 -0.72919 -0.35195 0.00416
ClEfl8 0.50095 0.57027 0.05453 0.45698 -0.06121 0.32675 0.28282 0.03029 0.21279 0.16889 0.28613 -0.11896
CTEfl9 0.75182 0.67541 -0.20041 0.30906 0.18711 0.26"5 0.22816 0.51329 0.24891 -0.09900 0.36821 0.20055
CTEfl93 0.49307 0.33789 -0.50555 -0.06075 -0.03629 0.00020 -0.02014 0.67332 -0.10397 -0.43688 -0.07747 0.24775VARI6 0.34617 0.37994 -0.18320 0.38472 0.06798 0.40343 0.46920 0.05615 0.25389 -0.06992 0.24442 0.32258
VARI6 0.53512 0.49162 -0.32511 0.09632 0.05007 0.31913 0.07176 0.30190 0.19973 0.00524 0.49504 0.28619
VARI9 0.21334 0.21807 -0.30669 0.37583 0.43555 0.13151 0.02444 0.40770 0.31184 -0.12975 0.39697 0.45860
VAR20 0.15717 0.11643 0.06088 0.73499 -0.13084 0.10813 0.16013 0.12052 0.02716 0.20684 0.05824 0.22970
VAR23 0.48199 0.60327 -0.47480 0.01875 0.49141 0.32156 -0.14764 0.33131 0.60753 -0.12012 0.71603 0.42173
VAR24 0.37449 0.09058 -0.06732 0.24563 0.17549 -0.09980 0.25096 0.10944 0.36420 0.06836 0.60393 0.12596
VAR25 1.00000 0.76649 -0.50988 -0.09634 -0.12465 0.31106 0.31348 0.41897 -0.12003 -0.45987 0.20557 -0.02931
VAR26 0.76649 1.00000 -0.39413 -0.03367 0.15132 0.59029 0.15824 0.33944 0.22776 -0.38563 0.35677 0.20372VAR30 -0.50988 -0.39413 1.00000 0.26232 -0.13393 0.00164 0.17314 -0.34920 0.07578 0.67248 -0.00973 -0.14169
VAR34 -0.09634 -0.03367 0.26232 1.00000 -0.00965 0.26442 -0.01380 -0.02299 0.18019 0.45961 0.11276 -0.02072
VAR39 -0.12465 0.15732 -0.13393 -0.00985 1.00000 -0.06879 -0.32870 0.28490 0.72737 -0.02883 0.46137 0.41351VAR45 0.31106 0.59029 0.00164 0.26442 -0.06879 1.00000 0.13361 0.09852 0.03155 -0.03597 0.21550 -0.03284w VI\R47 6.31348 0.15624 0.17314 -0.01380 -0.32870 0.13361 1.00000 -0.34200 -0.32024 -0.28170 -0.16713 -0.03437\0

.po VAR49 0.41897 0.33944 -0.34920 -0.02299 0.28490 0.09852 -0.34200 1.00000 0.07756 -0.32163 0.20799 0.25706
VAR52 -0.12003 0.22776 0.07578 0.18019 0.72737 0.03155 -0.32024 0.07756 1.00000 0.31302 0.73803 0.50545
VI\R76 -0.45987 -0.38563 0.67248 0.45961 -0.02883 -0.03597 -0.28170 -0.32163 0.37302 1.00000 0.21770 -0.05157VAR80 0.20557 0.35677 -0.00973 0.11278 0.46137 0.21550 -0.16713 0.20799 0.73803 0.21770 1.00000 0.44213VAR84 -0.02931 0.20372 -0.14169 -0.02072 0.41351 -0.03284 -0.03437 0.25706 0.50545 -0.05157 0.44213 1.00000VAR85 0.24477 0.32045 -0.23183 0.13263 0.35875 -0.00232 0.07772 0.55720 0.26264 -0.31729 0.13297 0.62596
VAR86 0.40504 0.61221 -0.18046 0.15834 0.07537 0.50998 0.28708 0.42799 0.03070 -0.27677 0.06022 0.48723VAR90 0.43305 0.34652 -0.39489 -0.05917 -0.19125 -0.19177 -0.17005 0.56832 -0.11128 -0.25373 -0.10443 0.12501VAR91 0.23353 0.00039 -0.48410 0.00134 0.00976 0.03483 0.21923 -0.08214 -0.32805 -0.35970 -0.06865 -0.06170VAR92 0.16126 -0.12240 0.10092 0.17762 -0.34041 -0.33288 0.46339 0.13150 -0.25692 -0.03993 -0.15251 0.31565VAR93 -0.36949 -0.08354 -0.19253 -0.02685 0.01684 0.06264 -0.31764 -0.27819 0.15661 -0.00277 -0.10540 -0.11532VAR95 -0.04437 -0.02325 -0.38556 0.08613 0.13823 -0.17228 -0.30892 0.29801 -0.14313 -0.21055 -0.17960 -0.16954VAR96 -0.26234 -0.22665 0.00975 -0.28691 0.51686 -0.39369 -0.25675 -0.06792 0.49150 0.17461 0.39081 0.16026VAR97 0.11488 0.31654 0.00108 0.39713 0.32073 0.42094 0.14527 -0.21757 0.57454 0.24316 0.54611 0.40697VAR98 -0.04811 0.09723 0.08623 0.69794 0.23447 0.14269 -0.31962 0.17808 0.44817 0.39169 0.26953 0.25367VAR99 -0.07437 0.13780 0.31827 0.73620 0.25423 0.29246 0.21371 -0.09234 0.24351 0.33956 0.02638 0.12452VARIOO 0.03864 -0.11013 -0.00180 0.82531 -0.28036 0.14320 -0.08115 0.23575 -0.09210 0.26037 0.02080 -0.17213WCEI8 0.35497 0.27200 -0.13200 -0.56742 -0.09654 0.04718 0.54208 0.06772 -0.16386 -0.47463 0.03596 0.04686WCEI9 0.36855 0.21744 -0.10206 -0.41914 -0.22037 -0.08410 0.84153 -0.22049 -0.31784 -0.57133 -0.18475 0.01509WCE119 0.40311 0.25702 -0.37925 -0.28472 0.09330 -0.04787 -0.15936 0.88124 -0.15755 -0.51114 0.01073 0.12025XE18 -0.20244 -0.21192 0.16293 0.54051 0.50492 -0.25369 -0.10347 0.06921 0.60523 0.32303 0.35477 0.31051XEI9 0.19566 0.26957 0.12623 -0.02153 -0.08173 0.34552 0.19220 0.01598 -0.30201 -0.25164 -0.12171 -0.58015XE193 0.28313 0.32154 ·-0.34215 -0.04438 -0.25554 0.33154 0.10512 -0.00828 -0.3.5770 -0.43757 -0.10436 -0.45319



Table 215 continued

VAR85 VAR86 VAR90 VAR91 VAR92 VAR93 VAR95 VAR96 VAR97 VAR98 VAR99 VARIOOVARI 0.08932 0.44233 0.16425 -0.02462 0.09217 -0.40782 -0.05273 -0.46505 0.12985 0.12179 0.39261 0.20443VAR2 0.06437 0.04490 -0.19765 -0.19981 0.14140 -0.25016 -0.24001 0.02879 0.60102 0.64797 0.55122 0.35927VAR68 0.23709 0.06789 0.22683 0.37464 0.21145 -0.23459 -0.18366 -0.33874 -0.30751 -0.51896 -0.25923 -0.07433CTEFI8 -0.02551 0.24906 0.29066 -0.01648 0.12995 -0.26054 0.02495 -0.33444 0.26023 0.23554 0.43521 0.35970CTEF19 0.52519 0.52301 0.49348 0.08350 0.20604 -0.41506 0.05111 -0.16244 0.23908 0.19456 0.38436 0.31150CTEF193 0.64168 0.42099 0.15321 0.09620 0.21403 -0.18363 0.23508 -0.21665 -0.18573 0.00111 -0.02312 0.44224VAR16 0.34496 0.53315 0.02215 0.25709 0.24970 -0.05620 -0.19204 -0.12844 0.67313 0.38305 0.46680 0.18829VARI8 0.15089 0.31525 0.34682 0.30680 0.06868 -0.37729 0.04007 -0.16406 0.23233 -0.04263 0.10230 0.19557VARI9 0.35868 0.34051 0.07435 0.35768 0.18305 -0.23637 0.19592 -0.00024 0.59129 0.51489 0.28630 0.27056VAR20 0.39933 0.36232 0.29028 0.10553 0.39404 -0.20300 0.17064 -0.27972 0.39873 0.59713 0.64914 0.58933VAA23 0.48444 0.33235 0.11534 0.03036 -0.27214 0.08307 0.05153 0.37204 0.50949 0.17732 0.11996 -0.04994VAR24 0.18491 -0.11913 -0.01645 0.14273 0.16215 -0.32975 -0.14399 0.21829 0.38195 0.08177 -0.00707 0.36250VAA25 0.24477 0.40504 0.43305 0.23353 0.16126 -0.38949 -0.04437 -0.26234 0.11488 -0.04811 -0.07437 0.03864VAR26 0.32045 0.61221 0.34652 0.00039 -0.12240 -0.08354 -0.02325 -0.22865 0.31654 0.09723 0.13780 -0.11013VAR30 -0.23183 -0.18046 -0.39489 -0.48410 0.10092 -0.19253 -0.38556 0.00975 0.00108 0.08623 0.31827 -0.00180VAR34 0.13263 0.15834 -0.05917 0.00734 0.17762 -0.02685 0.08673 -0.28891 0.3971:5 0.69794 0.73820 0.82531VAA39 0.35675 0.07537 -0.19125 0.00976 -0.34041 0.01684 0.13823 0.51666 0.32073 0.23447 0.25423 -0.28036VAR45 -0.00232 0.50996 -0.19177 0.03483 -0.33288 0.06264 -0.17226 -0.39369 0.42094 0.14269 0.29246 0.14320w VAA47 0.07772 0.26708 -0.17005 0.21923 0.46339 -0.31764 -0.30892 -0.25675 0.14527 -0.31962 0.21371 -0.06115'-'> VAR49 0.55720 0.42799 0.56832 -0.08214 0.13150 -0.27619 0.29801 -0.06792 -0.21757 0.17606 -0.09234 0.23575U"l
VAR52 0.26264 0.03070 -0.11128 -0.32805 -0.25692 0.15661 -0.14313 0.49150 0.57454 0.44817 0.24351 -0.09210VAR76 -0.31729 -0.27677 -0.25373 -0.35970 -0.03993 -0.00277 -0.21055 0.17461 0.24316 0.39169 0.33956 0.26037VAR80 0.13297 0.06022 -0.10443 -0.06865 -0.15251 -0.10540 -0.17960 0.39081 0.54611 0.26953 0.02638 0.02080VAR84 0.62596 0.4872l 0.12501 -0.06170 0.31565 -0.11532 -0.16954 0.16026 0.40697 0.25367 0.12452 -0.17213VAR85 1.00000 0.663ll 0.39095 -0.20412 0.32853 -0.04l26 0.21679 0.12784 0.13488 0.24449 0.33443 0.07398VAR86 0.66331 1.00000 0.30230 -0.09870 0.36704 -0.04230 0.15919 -0.18997 0.21536 0.20108 0.43423 -0.01582VAR90 0.39095 0.30230 1.00000 -0.11219 0.28214 -0.09488 0.37474 -0.23699 -0.3J777 -0.01468 -0.17765 0.40312VIIR91 -0.20412 -0.09870 -0.11219 1.00000 -0.07337 -0.35111 -0.04512 -0.26612 0.13386 -0.20963 -0.02357 0.11364VAA92 0.32853 0.36704 0.28214 -0.07337 1.00000 -0.36945 -0.02243 -0.16506 -0.12770 0.1:5526 0.11520 0.18844VAR93 -0.04326 -0.04230 -0.09488 -0.35111 -0.36945 1.00000 0.42368 0.39014 0.05684 0.11192 -0.06945 -0.06640VAR95 0.21679 0.15919 0.37474 -0.04512 -0.02243 0.42366 1.00000 0.28160 -0.35579 0.02428 0.09401 0.20090VAR96 0.12784 -0.18997 -0.23699 -0.26612 -0.16506 0.39014 0.28160 1.00000 0.16263 0.02402 -0.07172 -0.46995VAR97 0.13488 0.21536 -0.39777 0.13386 -0.12770 0.05664 -0.35579 0.16263 1.00000 0.59455 0.42186 0.02727VAR98 0.24449 0.20108 -0.01488 -0.20983 0.13526 0.11792 0.02428 0.02402 0.59455 1.00000 0.53045 0.36682VAR99 0.33443 0.43423 -0.17765 -0.02l57 0.17520 -0.06945 0.09401 -0.07172 0.42186 0.53045 1.00000 0.27870VARIOO 0.07398 -0.01582 0.40312 0.11364 0.16844 -0.06640 0.20090 -0.46995 0.02727 0.36682 0.27870 1.00000WCEI8 -0.04972 0.20098 0.02792 0.04376 0.3075 -0.20519 -0.08273 -0.04795 -0.126l3 -0.44706 -0.315l9 -0.49955WCEI9 0.012l5 0.16884 -0.04574 0.21686 0.42851 -0.25849 -0.25925 -0.16532 -0.05234 -0.46322 -0.16506 -0.38265WCE1I9 0.44514 0.34867 0.624:51 -0.04861 0.22178 -0.21321 0.37539 -0.05498 -0.42886 -0.07310 -0.25338 -0.07838XEI8 0.37293 -0.06492 -0.20246 -0.17959 0.14587 0.01536 -0.02849 0.36433 0.49544 0.61733 0.36962 0.34231XEI9 -0.43376 -0.03885 -0.12948 0.06509 -0.21502 -0.11626 0.07139 -0.36234 -0.27759 -0.24591 -0.06368 0.04397XE193 -0.42284 -0.00211 0.05199 0.21232 -0.15266 0.22637 0.29007 -0.34211 -0.10648 -0.11186 -0.27006 0.14470



Table 215 continued

WCEI6 WCEI9 WCE119 XEI8 XEI9 XEI93VARI 0.26136 0.27426 0.16157 -0.03385 0.65169 0.36964VAR2 -0.16757 -0.15106 -0.32340 0.72658 0.04624 -0.14017VI\R66 0.42064 0.67665 0.32492 -0.25982 0.06239 0.08988CTEFI6 0.20483 0.13041 -0.00952 0.00989 0.31836 0.30746CTEFI9 0.0730 0.06827 0.35751 0.17281 0.01218 -0.08764CTEFI93 0.11504 0.02161 0.74030 -0.13873 -0.34390 -0.14581VARI6 0.20398 0.26468 0.02330 0.24796 -0.21488 0.00314VARI8 0.25549 -0.00833 0.25922 -0.17773 -0.14546 0.03565VARI9 0.14134 -0.01506 0.27980 0.44686 -0.11841 0.12190VAR20 -0.23735 -0.16530 0.03714 0.28431 -0.32450 -0.15627VAR23 -0.05384 -0.17516 0.14216 0.22747 -0.32080 -0.17634VAR24 0.05050 0.11564 -0.04051 0.58150 -0.12133 -0.10487VAR25 0.35497 0.36855 0.40311 -0.20244 0.19566 0.28313VAR26 0.27200 0.21744 0.25702 -0.21192 0.26957 0.32154VAR30 -0.13200 -0.10206 -0.37925 0.16293 0.12623 -0.34215VAR34 -0.56742 -0.41914 -0.28472 0.54051 -0.02153 -0.04438VAR39 -0.09654 -0.22037 0.09330 0.50492 -0.08173 -0.25554VAR45 0.04718 -0.08410 -0.04787 -0.25369 0.34552 0.33154VAR47 0.54208 0.84153 -0.15936 -0.10347 0.19220 0.10512VAR49 0.06772 -0.22049 0.88124 0.06921 0.01598 -0.00828
w VAR52 -0.16366 -0.31784 -0.15755 0.60523 -0.30201 -0.33710
\0 VAR76 -0.47463 -0.57133 -0.51\ 14 0.32303 -0.25164 -0.43757m VAR80 0.03596 -0.16475 0.01073 0.35477 -0.12171 -0.10436VAR84 0.04686 0.01509 0.12025 0.31051 -0.58015 -0.45319VAR85 -0.04972 0.01235 0.44514 0.37293 -0.43376 -0.42284VAR86 0.20098 0.16884 0.34867 -0.06492 -0.03885 -0.00211VAR90 0.02792 -0.04574 0.62431 -0.20246 -0.12946 0.05199VAR91 0.04376 0.21666 -0.04681 -0.17959 0.06509 0.21232VAR92 0.31375 0.42851 0.22178 0.14587 -0.21502 -0.15268VAR93 -0.20519 -0.25849 -0.21321 0.01536 -0.\1828 0.22637VAR95 -0.08273 -0.25925 0.37539 -0.02849 0.07139 0.29007VAR96 -0.04795 -0.16532 -0.05498 0.36433 -0.36234 -0.34211VI\R97 -0.12633 -0.05234 -0.42866 0.49544 -0.27159 -0.10648VAR98 -0.44706 -0.46322 -0.07310 0.61733 -0.24591 -0.11186VAR99 -0.31539 -0.16506 -0.25338 0.36962 -0.06368 -0.27006VARIOO -0.49955 -0.38265 -0.07838 0.34231 0.04397 0.14470WCEI8 1.00000 0.79529 0.38378 -0.38053 0.29828 0.39799WCEI9 0.79529 1.00000 0.06948 -0.25543 0.26516 0.28228WCE119 0.38378 0.06948 1.00000 -0.21233 0.06387 0.13321XEI8 -0.38053 -0.25543 -0.21233 1.00000 -0.31121 -0.37094XEI9 0.29828 0.26516 0.06387 -0.31121 1.00000 0.73325XEI93 0.39799 0.28226 0.13321 -0.51094 0.73325 1.00000

SEE THlLES 6 AND Z fOR RefERENCE NlJIoI8ERAllO IARINlLE NAME, RESPECTIVELY.



Table 216. Summary of results of ·final stepwise multiple regression analysis of white shrimp total catch (area 18) with
environmental variables and indices of recruitment for the eighteen year (1960-1977)data set.

DEPENDENT VARIABLE •• VAR2 TOT CAT 18 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
VARIABLE <UNITS GIVEN IN TABLE 4) MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R B BETA
VAR52 LAG ANNUAL ATCH DIS 0.62147 0.38622 0.38622 0.62147 0.9124007E-01 1.02188
VAR20 OCT-DEC MISS DIS 0.72263 0.52219 0.13597 0.38548 0.1963776 0.32842
VAR93 JUL GAL FAST WIND DIR 0.77522 0.60097 0.07878 -0.25016 -0.2572788E-01 -0.20470

w VAR84 LAG OCT-DEC TRIN DIS 0.84207 0.70909 0.10812 0.16738 -0.3697756E-01 -0.59555\D......• VAR92 JUN GAL FAST WIND DIR 0.88767 0.78795 0.07886 0.14140 0.3tl26196E-01 0.3tl340
VAR95 SEP GAL FAST WIND DIR 0.89705 0.80471 0.01675 -0.24001 -0.2384892E-01 -0.15543
(CONSTANT) -2.526923

SEE TABLES 6 AND 2 FOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 217. Summary of results of final stepwise multiple regression analysis of white shrimp total catch (area 19)with
environmental variables and indices of recruitment for the eighteen year (1960-1977)data set.

BETA
0.6~423
0.42302

-u.44840
0.27613
0.34609
0.35352

-O.lY553

B

0.6L62729
0.2151817

-U.2816857E-Ol
0.1764662E-01
0.2048253E-01
0.8768947E-02

-0.3685964E-01
-7.036145

SIMPLE R
0.67426
0.12676

-0.22816
0.21244
0.35518
0.09078

-0.28851

MULTIPLE R
0.67426
0.79844
0.86626
0.88305
0.91409
0.93424
0.94558

TOT CAT 19 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.45463 0.45463
0.63751 0.18287
0.75040 0.11290
0.77978 0.02938
0.83557 0.05578
0.87280 0.03723
0.89411 0.02131

VARl

(UNITS GIVEN IN TABLE 4)
APR-JUN FRE PREC
JUL-SEP FRE DAYS GT 90 F
lAG OCT-DEC TRIN DIS
LAG BAY CAT 19
BAY CAT 19
LAG ANNUAL TRIN DIS
OCT GAL FAST WIND DIR

DEPENDENT VARIABLE ••

VARIABLE
VAR26
VAR30
VAR84
VAR49
VAR47
VAR39
VAR96
(CONSTANT)

W
1.0
(Xl

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 218. Summary of results of final stepwise multiple regression analysis of white shrimp total catch (area 19, 11·15
fathom depths) with environmental variables and indices of recruitment for the eighteen year (1960-1977)data
set.

DEPENDENT VARIABLE •• VAR68 TOT CAT 19 DPTH 3 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 4) MULTIPLE R R SQUARE RSQ CHANGE SIMPLt R B BETA
VAR76 BAY TRIPS 18 0.73539 0.54080 0.54080 -0.73539 -0.2837971 -0.88118
VAR47 BAY CAT 19 0.81562 0.66524 0.12444 0.57070 -0.5742787E-02 -0.40301w VAR45 APR-JUN TRIN DIS 0.86877 0.75477 0.08953 -0.24075 -0.5341583E-0L' -u.53646\.0

\.0 VAR98 JUL FRE HI TIDE 0.88954 0.79129 0.03652 -0.61440 -2.649555 -0.69575
VAR16 ANNUAL GUAD DIS 0.94309 0.88942 0.09814 0.19880 0.1921990E-01 0.82359
VAR30 JUL-SEP FRE DAYS GT 90 F 0.96945 0.93984 0.05041 -0.30207 0.677'724E-01 0.5613':)
VAR39 LAG ANNUAL TRIN DIS 0.98603 0.97225 0.03241 -0.18578 -0.1022130E-02 -u.17374
VAR20 OCT-DEC MISS DIS 0.99129 0.98266 0.01041 -0.12257 0.2199735E-Ol 0.14734
(CONSTANT) 16.08595- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 219. Summary of results of final stepwise multiple regression analysis of white shrimp total catch (area 18)with
environmental variables, Indices of recruitment, and offshore non-directed effort for the eighteen year
(1960-1977)data set

DEPENDENT VARIABLE •• VAR2 TOT CAT 18 (POUNDS, HEADS OFF) X 10~5

BETA
0.43073
0.25534

-0.32327
0.26221

B

0.8417241E-01
3.230297

-0.399271OE-01
0.2303599E-01
-8.915727

SIMPLE R
0.71487
0.60102

-0.26777
0.61980

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.51104 0.51104
0.59179 0.08075
0.67488 0.08309
0.71046 0.03558

MULTIPLE R
0.71487
0.76928
0.82151
0.84289

(UNITS GIVEN IN TABLE 3)
EXP TOT EFF 18
JUN FRE H I TIDE
JUL GAL FAST WIND DIR
LAG ANNUAL ATCH DIS

VARIABLE
XE18
VAR97
VAR93
VAR52
(CON~TANT)

.j:;o

aa

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 220. Summary of result~ of final s~epwise multiple regression analysis of white shrimp total catch (area 19)with
environmental variables, indIces of recruitment, and offshore non.cJirected effort for the eighteen year
(1960-1977)data set.

DrTA
O. :'>7584
0.76988
O.6n34
0.15503
0.70639
0.49199

-U.19755

B

0.3708123
0.1002345
0.3tl56729

1.094270
0.2373823
0.1149218

-0.l'::156753E-01
-42.3'::1029

SIMPLI:.R
0.7L958
0.6'::1334
0.15324
0.10157

-0.08773
0.24320
0.33401

MULTIPLE R
0.72958
0.86668
0.92661
0.94835
0.95967
0.96857
0.97707

TOT CAT 19 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
R SQUARE RSQ CHANGE

0.53229 0.53229
0.75113 0.21885
0.85862 0.10748
0.89957 0.04076
0.92096 0.02159
0.93812 0.01716
0.95466 0.01654

VAR1

(UNITS GIVEN IN TABLE 4)
APR-JUN FRE PREC
EXP TOT EFf 19
JUL-SEP FRE DAYS GT 90 F
SEP FRE H I TIDE
OCT GAL FASTEST WIND
JUL-SEP TRIN DIS
LAG BAY CAT 19

DEPENDENT VARIABLE ••

VARiABLE
VAR26
XE19
VAR30
VAR100
VAR91
VAR23
VAR49
(CONSTANT)

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 221. Summary of results of final stepwise multiple regression analysis of white shrimp total catch (area 19, 11·15
fathom depths) with environmental variables, Indices of recruitment, and offshore non-directed effort for the
eighteen year (1960-1977)data set.

DEPENDENT VARIABLE •• VAR68 TOT CAT 19 DPTH 3 (POUNDS, HEADS OFF) X 10-5

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 4) MULTIPLE R R SQUARE RSQ CHANGE SIMPU: R B BETA
VAR76 BAY TRIPS 18 0.73539 0.54080 0.54080 -0.73539 -0.2665062 -0.82749
VAR47 BAY CAT 19 0.81562 0.66524 0.12444 0.57070 -0.6242474E-02 -U.43808
VAR45 APR-JUN TRIN DIS 0.86877 0.75477 0.08953 -0.24075 -0.6101660E-02 -u.61280

-"" VAR98 JUL FRE HI TIDE 0.88954 0.79129 0.03652 -0.61440 -2.925421 -0.76819Cl
N VAR16 ANNUAL GUAD DIS 0.94309 0.88942 0.09814 0.19880 0.2085058E-Ol 0.69347

VAR30 JUL-SEP FRE DAYS GT 90 F 0.96945 0.93984 0.05041 -0.30267 0.7l14201E-01 0.59772
VAR39 LAG ANNUAL TRIN DIS 0.98603 0.97225 0.03241 -0.18578 -0.7832831E-03 -0.13314.
VAR20 OCT-DEC MISS DIS 0.99129 0.98266 0.01041 -0.12257 0.2813700E-Ol 0.18846
XE193 EXP TOT EFF 19 DPTH 3 0.99393 0.98789 0.00523 0.09410 0.57Y0499E-02 0.12243
(CONSTANT> 16.42840

SEE TABLES 6 AND 2 fOR REFERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 222. Summary of results of final stepwise multiple regression analysis of white shrimp interview catch/effort (area
18) with environmental variables and indices of recruitment for the eighteen year (1960-1977)data set.

BETA
0.B1779
0.B7964

-U.46780
0.37295

-0.35833
0.26194

B

7.452280
104.8805

-1.574755
0.5263249
-5.329585
0.9439631
-501.6171

S IMPLI: R
0.64130
0.45698
0.23870
0.16195
0.23056
0.58725

MULTIPLE R
0.64130
0.80035
0.88193
0.91907
0.95119
0.97282

CAT-Eff 18 (POUNDS, HEADS OFF/DAY)
SUMMARY TABLE

R SQUARE RSQ CHANGE
0.41121 0.4112/
0.64056 0.22929
0.77780 0.13724
0.84468 0.06688
0.90475 0.0600/
0.94637 0.04162

CTEF18

(UNITS GIVEN IN TABLE 4)
APR-JUN FRE PREC
JUL-SEP fRE MEAN HI TIDE
JAN-MAR GUAD DIS
BAY CAT-TRIP 18
JUL-SEP MISS DIS
APR-JUN MISS DIS

DEPENDENT VARIABLE ••

VARIABLE
VAR26
VAR34
VAR86
WCE18
VAR19
VAR18
(CONSTANT)

~o
w

SEE TABLES 6 AND 2 fOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 223. Summary of results of final stepwise multiple regression analysis of white shrimp intelView catch/effort (area
19) with environmental variables and indices of recruitment for the eighteen year (1960·1977)data set.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DEPENDENT VARIABLE •• CTEF19 CAT-EFf 19 (POUNDS, HEADS OFf/DAY>

SUMMARY TABLE
VARIABLE (UNITS GIVEN IN TABLE 4) t-IULT IPLE R R SQUARE RSQ OiANGE SIMPLE R B BETA

.po
0 VAR25 ANNUAL fRE PREC 0.76429 0.58414 0.58414 0.76429 2.445905 0.60997.po

VAR99 AUG fRE HI TIDE 0.88311 0.77989 0.19575 0.38436 37.98105 0.45625
VAR24 OCT-DEC TRIN DIS 0.90916 0.82658 0.04669 0.52833 0.1517112 0.27860
WCE19 BAY CAT-TRIP 19 0.92725 0.85979 0.03321 0.06515 -0.1615349 -0.28228
VAR98 JUL fRE HI TIDE 0.93654 0.87710 0.01731 0.19456 -25.13577 -0.19409
VAR26 APR-JUN fRE PREC 0.94623 0.89534 0.01824 0.70498 1.803385 0.23085
(CONSTANT) -114.7661
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SEE TABLES 6 AND 2 fOR REfERENCE NUMBER AND VARIABLE NAME, RESPECTIVELY.



Table 224. Summary of results of final stepwise multiple regression analysis of white shrimp interview catch/effort (area
19, 11·15 fathom depths) with environmental variables and Indices of recruitment for the eighteen year
(1960-1977)data set.

BETA
0.23925
0.39320
0.32333
0.36922

-0.29101

B

0.8194709
0.5609975
0.1607949
0.9919732

-0.9336888
-32.85163

SIMPLE R
0.75327
0.64768
0.74030
0.45127

-0.07747

CAT-EFF 19 DPTH 3 (POUNDS. HEADS OFF/DAY)
SUMMARY TABLE

MULTIPLE R R SQUARE RSQ CHANGE
0.75327 0.56741 0.56741
0.84537 0.71466 0.14725
0.88108 0.77630 0.06164
0.89974 0.80954 0.03324
0.92920 0.86341 0.05387

CTEF193

(UNITS GIVEN IN TABLE 4)
SEP GALl FASTEST WIND
LAG OCT-DEC GUAD DIS
LAG BAY CAT-TRIP 19
APR-JUN MISS DIS
JAN-MAR MISS DIS

DEPENDENT VARIABLE ••

VARIABLE
VAR90
VAR85
WCEL 19
VAR18
VAR80
(CONSTANT)

.J::>
o
U1

SEE TABLES 6 AND 2 FOR REFERENCE NUMBER AND VARIABLE NAME. RESPECTIVELY.
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Figure 5. The pattern of monthly brown shrimp total catch for area 19 for the period
1960·1977.
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Figure 6. The pattern of monthly white shrimp total catch for area 19 for the period
1960·1977.
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Figure 7. The pattern of (a) annual brown shrimp total catch and (b) annual brown
shrimp interview catch/effort for area 18, area 19, and area 19, 11·15 fathom
depths for the period 1960-1977.

411



.:. ,,,EA 11 tLfFT AXIS)

Q ARfA Ii (RIGHT AlliS)

2
><
u;..
Q

••co.:lz:
<Iicoz::>
Q~
2:
(J..
""(J

<> AREA Ii. 11 '5 FATHOM DEPTHS (RIGHT AXIS\

n,.
n::
'ioczco
!A
::
'",.co••o..~
><

~

A AREA 11 (LEFT AXIS)

CJ AREA 11 (RIGHT AllIS!

<> AREA II, "·15 FATHOM DEPTHS (RIGHT AXISI

YfAR

Figure 8. The pattern of (a) annual white shrimp total catch and (b) annual white shrimp
Interview catch/effort for area 18, area 19, and area 19, 11·15 fathom depths
for the period 1960·19n.

412



I:> VAR 2 - BROWN SHRIMP TOTAL CATCH Il!FT AXIS)
a VAR 52 - MAY TPWD S!C GAL CAT-EFF IRIGHT AXIS)
o VAR 18 - FEB EKMAN ZONAL IND IRIGHT AXIS)

~a0

? !
I \ ~60

; \ i
i \, I-

/ 1\ \. ~40
<;0>, / / \ \ I

"

, ,'/ \ \ r-
,', I \'.' . / / \ \

I '. I .' \ ~ r- 20
, ~ / \ \ I

, 0-'----13_~' i
, /- I ---'0..:: '\ I-.' ~/'j . \ '

-/---a/ - '\-0 I, ,,~ ,0
\/ ~

-r----~-------r------------l-----t--20

66 66 YEAIl 70 72 74

12a,

100~ /~

aaj I, \ \

I /' '\

i ' / \
l /,\

I, ,
, \

60-, /' ~ '
I . t..- - \ \

-j ,~1i \
j----o::J /' /'

401 ~' I
,//~~ /1~/ ./ "-:-JL'
1"- ~

20-;

~

0~
64
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Figure 11. Plot of brown shrimp total catch (area 19) and most important independent
variables In the final stepwise multiple regression model for the ten year
(1964-1973) data set.
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Figure 18. Plot of brown shrimp Interview catch/effort (area 18) and most important in·
dependent variables in the final stepwise multiple regression model for the
ten year (1964-1973)data set.
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Figure 20. Plot of brown shrimp Interview catch/effort (area 19) and most important in·
dependent variables In the final stepwise multiple regression model for the
ten year (1963.1974)data set.
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Figure 21. Plot of the actual, predicted and residual values of brown shrimp Interview
catch/effort (area 19) based on the final stepwise multiple regression model
with environmental variables and indices of recruitment for the ten year
(1964-1973)data set.
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Figure 22. Plot of brown shrimp interview catch/effort (area 19, 11·15 fathom depths) and
most important independent variables in the final stepwise multiple regres·
sian model for the ten year (1963-1974) data set.
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Figure 24. Plot of brown shrimp total catch (area 18) and most Important independent
variables. In the final stepwise multiple regression model for the eighteen year
(196Q.1977)data set.
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Figure 26. Plot of brown shrimp total catch (area 19) and most important Independent
variables in the final stepwise multiple regression model for the eighteen year
(196()'1977) data set.
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Figure 27. Plot of the actual, predicted and residual values of brown shrimp total catch
(area 19) based on the final stepwise multiple regression model with en·
vironmental variables and Indices of recruitment for the eighteen year
(196()'1977) data set.
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Figure 28. Plot of brown shrimp total catch (area 19, 11·15 fathom depths) and most im·
portant independent variables in the final stepwise multiple regression model
for the eighteen year (196()'1977) data set.
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Figure 29. Plot of the actual, predicted and residual values of brown shrimp total catch
(area 19, 11·15 fathom depths) based on the final stepwise multiple regression
model with environmental variables and Indices of recruitment for the eigh·
teen year (1960-1977) data set.
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Figure 30. Plot of brown shrimp total catch (area 18) and most important independent
variables Including offshore non-dlrected effort In the final stepwise multiple
regression model for the eighteen year (1960·1977) data set.
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Figure 31. Plot of the actual, predicted and residual values of brown shrimp total catch
(area 18) based on the final stepwise multiple regression model with en·
vlronmental variables and Indices of recruitment for the eighteen year
(1960-1977) data set.

424



~••ii:.•.
'"••Q
C••::
iii••Z::0
'"!!>:z:
'"•..C

'"oJ
C::0••iil••
'"

A RESIDUAl. CATCH
o ACTUAL CATCH
<> PREDICTED CATCH

~200

l-
I-Ir-
j-IS0
Ir
I
!-

L.
!-100
i-
f-,
L
f-S0
r-,
!--to

76

,.
()..c:,.,..
'":II;:
m

'"Ii..
m

'"(),...
n
::
;;
'"c:z
'"!II
:z:r:
'"••
'"..•3••
~

Figure 32. Plot of the actual, predicted and residual values of brown shrimp total catch
(area 19) based on the final stepwise multiple regression model with en-
vironmental variables, Indices pi recruitment, and offshore non-directed ef·
fort for the eighteen year (1960-1977)data set.
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Figure 33. Plot of brown shrimp total catch (area 19, 11·15 fathom depths) and most im·
portant Independent variables Including offfshore non-cllrected effort in the
final stepwise multiple regression model for the eighteen year (196()'1977)
data set.
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Ftgure 34. Plot of the actual, predicted and residual values of brown shrimp total catch
(area 19, 11·15 fathom depths) based on the final stepwise multiple regression
model with environmental variables, indices of recruitment, and offshore non·
directed effort for the eighteen year (1960·1977) data set.
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Figure 35. Plot of brown shrimp interview catch/effort (area 18) and most important in·
dependent variables in the final stepwise multiple regression model for the
eighteen year (1960-1977)data set.
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Figure 36. Plot of the actual, predicted and residual values of brown shrimp interview
catch/effort (area 18) based on the final stepwise multiple regression model
with environmental variables and indices of recruitment for the eighteen year
(1960·1977)data set.
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Figure 37. Plot of brown shrimp Interview catch/effort (area 19) and most Important in.
dependent variables In the final stepwise multiple regression model for the
eighteen year (1960-1977)data set.
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Figure 38. Plot of the actual, predicted and residual values of brown shrimp Interview
catch/effort (area 19) based on the final stepwise multiple regression model
with environmental variables and Indices of recruitment for the eighteen year
(1960-1977)data set.
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Figure 39. Plot of brown shrimp Interview catch/effort (area 19, 11·15 fathom depths) and
most Important Independent variables In the final stepwise multiple regres·
slon model for the eighteen year (1960·1977) data set.
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Figure 40. Plot of the actual, predicted and residual values of brown shrimp Interview
catch/effort (area 19, 11·15 fathom depths) based on the final stepwise multi·
pie regression model with environmental variables and Indices of recruitment
for the eighteen year (1960·1977) data set.
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Figure 41. Plot of white shrimp total catch (area 18) and most important independent
variables In the final stepwise multiple regression model for the ten year
(1964-1973) data set.
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(area 18) based on' the final stepwise multiple regression model with en·
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data set.
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Figure 43. Plot of white shrimp total catch (area 19) and most important independent
variables in the final stepwise multiple regression model for the ten year
(1984-1973) data set.
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Figure 44. Plot of the actual, predicted and residual values of white shrimp total catch
(area 19) based on the final stepwise multiple regression model with en·
vironmental variables and indices of recruitment for the ten year (1964-1973)
data set.
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Figure 45. Plot of white shrimp total catch (area 19, 11·15 fathom depths) and most im·
portant Independent variables in the final stepwise multiple regression model
for the ten year (1964-1973) data set.
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Figure 46. Plot of the actual, predicted and residual values of white shrimp total catch
(area 19,11-15 fathom depths) based on the final stepwise multiple regression
model with environmental variables and indices of recruitment for the ten
year (1964-1973) data set.

432



Co CTEF IS - WHITE SHRIMP CATCH/EFFORT (LEFT AXIS)
o VAR $2 - LAG ANNUAL ATCH DIS (RIGHT AXISI
o VAR \I - APR·JUN MISS DIS (RIGHT AXISI

400

300

200

100
,~ ,..----lii----5 __ -lU

• .Ja_.-.." .-a"-"---'" --"''''-e-''-
/-*..". --"GJ---

--.-£J'

tta0

8ta

E
60

40

64 66 68 YEAR
I

70
I

72 74

Figure 47. Plot of white shrimp Interview catch/effort (area 18) and most Important In·
dependent variables In the final stepwise multiple regression model for the
ten year (1964-1973) data set.
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Figure 48. Plot of the actual, predicted and residual values of white shrimp Interview
catch/effort (area 18) based on the final stepwise multiple regression model
with environmental variables and Indices of recruitment for the ten year
(1964-1973) data set.
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Figure 49. Plot of white shrimp interview catch/effort (area 19) and most Important In·
dependent variables In he final stepwise regression model for the ten year
(1964-1973)data set.
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Figure 50. Plot of the actual, predicted and residual values of white shrimp interview
catch/effort (area 19) based on the final stepwise multiple regression model
with environmental variables and Indices of recruitment for the ten year
(1964-1973)data set.
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Figure 51. Plot of white shrimp Interview catch/effort (area 19, 1'1·15 fathom depths) and
most Important independent variables in the final stepwise multiple regres·
slon model for the ten year (1964-1973) data set.
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Flgure 52. Plot of the actual, predicted and residual values of white shrimp interview
catch/effort (area 19, 11·15 fathom depths) based on the final stepwise multi·
pie regression model with environmental variables and indices of recruitment
for the ten year (1964-1973) data set.
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Figure 53. Plot of white shrimp total catch (area 18) and most Important IndependeJ'lt
variables In the final stepwise multiple regression model for the eighteen year
(1960-1977) data set.
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Figure 54. Plot of the actual, predicted and residual values of white shrimp total catch
(area 18) based on the final stepwise multiple regression model with en·
vlronmental variables and Indices of recruitment for the eighteen year
(196()'1977) data set.
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Figure 55. Plot of white shrimp total catch (area 19) and most important Independent
variables In the final stepwise multiple regression model for the eighteen year
(1960·19m data set.
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Figure 56. Plot of the actual, predicted and residual values of white shrimp total catch
(area 19) based on the final stepwise multiple regression model with en·
vironmental variables and indices of recruitment for the eighteen year
(1960·19m data set.
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Figure 57. Plot of white shrimp total catch (area 19, 11·15 fathom depths) and most im·
portant independent variables in the final stepwise multiple regression model
for the eighteen year (1960-1977) data set.
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Figure 58. Plot of the actual, predicted and residual values of white shrimp total catch
(area 19, 11·15 fathom depths) based on the final stepwise multiple regression
model with environmental variables and indices of recruitment for the
eighteen year (196()'1977) data set.
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Figure 59. Plot of white shrimp total catch (area 18) and most important independent
variables including offshore non-directed effort in the final stepwise multiple
regression model for the eighteen year (1960.t977) data set.
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Figure 60. Plot of the actual, predicted and residual values of white shrimp total catch
(area 18) based on the final stepwise multiple regression model with en·
vironmental variables, indices of recruitment, and offshore non-dlrected
effort for the eighteen year (19so.1977) data set.

439



~..
l.:
II.
Q

'"co•••>:
uicoz:>
Qa.
""....
"

Figure 61. Plot of white shrimp total catch (area 19) and most Important independent
variables Including offshore non-dlrected effort in the final stepwise multiple
regression model for the eighteen year (1960-1977) data set.
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Figure 62. Plot of the actual, predicted and residual values of white shrimp total catch
(area 19) based on the final stepwise multiple regression model with en·
vlronmental variables, indices of recruitment, and offshore non-dlrected
effort for the eighteen year (19So-1977) data set.
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Figure 63. Plot of white shrimp interview catch/effort (area 18) and most important In·
dependent variables in the final stepwise multiple regression model for the
eighteen year (196()'1977) data set.
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Figure 64. Plot of the actual, predicted and residual values of white shrimp interview cat·
ch/effort (area 18) based on the final stepwise multiple regression model with
environmental variables and indices of recruitment for the eighteen year
(196()'1977) data set.
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Figure 65. Plot of white shrimp Interview catch/effort (area 19) and most important in·
dependent variables In the final stepwise multiple regression model for the
eighteen year (1960-1977) data set.
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Figure 66. Plot of the actual, predicted and residual values of white shrimp interview
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Figure 67. Plot of white shrimp Interview catch/effort (area 19, 11·15 fathom depths) and
most important independent variables in the final stepwise multiple regres·
slon model for the eighteen year (1960·1977) data set.
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Figure 68. Plot of the actual, predicted and residual values of white shrimp interview
catch/effort (area 19, 11·15 fathom depths) based on the final stepwise multi·
pie regression model with environmental variables and indices of recruitment
for the eighteen year (1960-1977) data set.
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OUTPUT fORI Q-ClUSTER ANALYSIS - SELECTED VARIABLES fROM THE BROWN 10 YR DATA

DENDROGRAMfOR THE ClUSTER ANALYS I S
USING THE QUANTIfiED CZEKANOWSKJlS COEffiCIENT Of ASSSOCIATION
AND DtE UttiEIGHTED PAIR-GROUP METHOD Of ClUSTERING.
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Figure 69. Dendrogram resulting from a-mode cluster analysis based on environ-
mental and recruitment variables that were most important in the
categorical regression equations developed for brown shrimp total catch
(pounds, heads off) In area 19 for the period 1964-1973.
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Figure 70. Dendrogram resulting from Q·mode cluster analysis based on environ·
mental and recruitment variables that were most Important In the
categorical regression equations developed 'or brown shrimp total catch
(pounds, heads off) In area 19 for the period 1960·1977.
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Figure 71. Dendrogram resulting from a·mode cluster analysis based on environ·
mental and recruitment variables that were most Important in the
categorical regression equations developed for white shrimp total catch
(pounds, heads off) in area 19 for the period 1964·1973.
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Figure 72. Dendrogram resulting from a·mode cluster analysis based on environ·
mental and recruitment variables that were most important in the
categorical regression equations developed for white shrimp total catch
(pounds, heads off) in area 19 for the period 1960-1977.
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Figure 73. Dendrogram resulting from a-mode cluster analysis based on environ·
mental and recruitment variables that were most important in the
categorical regression equations developed for brown and white shrimp
total catch (pounds, heads off) in area 19 for the period 1964·1973.
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Figure 74. Dendrogram resulting lrom Q-mode cluster analysis based on environ·
mental and recruitment variables that were most important in the
categorical regression equations developed lor brown and white shrimp
total catch (pounds, heads 011)in area 19 lor the period 1960-1917.
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