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MATERIALS AND METHODS

The TPWD Coastal Fisheries Branch (CF) conducts a standardized, fishery-independent
Resource Monitoring Program (Mambretti et al. 1990), using several types of fishing
gear. This study relied mostly on data from gill nets (used in the Galveston Estuary
since 1975), bag seines (used since 1977), and otter trawls (used in a consistent sampling
program since 1982).

Fourteen economically and ecologically important finfish and shellfish species were
identified for trend analyses. For most species, multiple life stages, identified by size,
were examined separately to take advantage of the selectivity of the three gear types.
A standard protocol for data screening and analysis was drafted for use by the analysts
to assure consistency and analytic quality. Statisticians were consulted throughout the
study to assure that the most appropriate analytical methods were applied.

In addition, a search was conducted among state and Federal agencies for data sets
gathered 1n years prior to those covered by the CF program. Several data sets were
located and examined. Those not included in this study are listed in Appendix 1. Trawl
data on white and brown shrimp abundances, gathered by TPWD from 1963 through
1980 and transcribed onto computer files by the National Marine Fisheries Service
(TPWD/NMES), were examined for possible population trends using the same methods
as for CF data.
Sampling

Details for bag seine, trawl and gill net sampling procedures are described in the 1991
TPWD Marine Resource Monitoring Operations Manual which is updated annually. A
brief description of gear and sampling history follows.

Bag seine

All bag seines were 18.3 m long, 1.8 m deep, had 19-mm stretched nylon #5
multifilament mesh wings (8.3 m long) and a 13-mm stretched nylon #5 multifilament
mesh bag (1.8 m long). The bag seine was pulled parallel to the shoreline for a distance
of 15.2 to 30.5 m. The Galveston Estuary system was divided into a series of one
minute longitude by one minute latitude sampling grids. Only grids containing a
minimum of 15.2 m of shoreline were used for bag seine sampling. Grids were divided
into 144 "gridlets", 5 second longitude by 5 second latitude in size, and gridlets
containing shoreline were chosen randomly. The shoreline within a gridlet was divided
into 15.2 m sections and one of these was randomly selected as a starting point for the
sample. Sites were sampled monthly with an equal number of samples taken in the first
and second half of the month.
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Sampling intensity varied. From October 1977 to September 1981, 6 sites were sampled
each month, except for November 1977 when 10 samples were taken, and June 1978
when no samples were taken. From October 1981 to March 1988, 10 sites were
sampled monthly. From April 1988 to December 1989, 12 samples were taken each
month. From January 1990 to present, 16 sites were sampled each month. Data
analyses were restricted to the period from October 1977 through 1990.

Trawl

Trawl nets were flat otter trawls, 6.1 m wide, with 38 mm stretched #9 nylon
multifilament thread throughout. Samples were taken between dawn and dusk by pulling
the net along the bay bottom at a speed of approximately 5-6 km per hour in a circular
pattern for ten or fifteen minutes. Beginning in May 1982, 20 samples were taken per
month, and all organisms recovered were identified and counted. Consequently most
analyses covered an eight-year period from 1983 to 1990. Sample locations were
selected at random using the grid system described previously for bag seines for the
entire bay, except that grids were sampled only when at least 1/3 of the grid was at least
one meter deep, and at least 1/3 was free from obstructions that could damage gear or
compromise safety. No grid was sampled more than once in a month. Only data from
within the Galveston Estuary proper were used; Gulf pass samples were not included in
this study. Unlike bag seine or gill net, trawling was not restricted to the shoreline.

For the TPWD/NMFS historical data, the trawls used from 1963-1980 were flat otter
trawls, 3.05 m wide, with 32 mm stretched #9 nylon twine throughout. The cod end
of the net was fitted with a liner of 12 mm stretched mesh. The trawl was towed at
approximately 5 km per hour. Standard towing times were 5 minutes for surveys during
the period from June through December, and 15 minutes for surveys during April and
May. Sample locations were fixed throughout the bay system, with 8 to 16 sites used
per year during 1963-1968 and 23 to 39 sites used per year during 1972-1980. Data
from the years 1969-1971 were not used because the surveys were conducted erratically
and had too few samples to be comparable to other years.

Gill net

Gill nets were 183 m long and 1.2 m deep. Each net was divided into four panels, each
45.75 m long, with increasing mesh sizes (76 mm, 102 mm, 127 mm and 152 mm
stretch).  Gill nets were oriented perpendicular to the shore with the smallest mesh
nearest the shoreline, suspended by hard plastic floats and weighted by a leadline.

Sampling intensity for gill nets varied over the study period. With the exception of the
spring of 1976 when only two samples were taken, 8 to 12 samples were collected in
each three-month season between the fall of 1975 and 1981. Beginning in fall 1982,
sampling was restricted to two ten-week periods, in fall (beginning the second full week
of September), and spring (beginning the second full week of April). Since then, a total
of 45 samples have been collected per season (3 to 7 per week, with no more than 3 per
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day). Data collected in fall from 1975 through 1989, and spring data from 1977 through
1990, were used for analysis.

A sample grid for each gill net site (using the same grid selection parameters as for bag
seine) was selected at random subject to the following restrictions: (1) each grid
contained no more than one set per night; (2) each grid contained no more than three gill
net sets per season; and (3) sets occurring on the same night must be at least one
kilometer apart. The sample site was selected by randomly choosing a gridlet from
within a grid, as described for bag seine. Nets were set within one hour of sunset and
retrieved within four hours after sunrise.

Data Processing and Screening

All organisms captured were identified to species or to the lowest taxon possible. For
most samples, the total length (TL; the distance between the tips of the snout and the
caudal fin for fish, or from the tip of the rostrum to the end of the telson for shrimp)
or total width (TW; between the tips of the carapace for crabs) of all individuals caught
were measured to the nearest millimeter. Whenever total length could not be measured
directly, the standard length (SL; the distance between the tip of the snout and the caudal
peduncle) was measured, and TL was estimated using conversion equations (Harrington
et al. 1979). All measurements reported in this study are total lengths in millimeters.

Adjustment for unmeasured individuals

In cases where more than 20 individuals of a species were caught, generally only the
first 19 were measured and the remainder were counted. In trawl samples up to 50
shrimp of each species and up to 35 blue crab were measured.

Unmeasured specimens were assumed to have a size frequency distribution identical to
the measured individuals and were accordingly prorated into size groups and incorporated
into the calculation of catch rates. The ratio of the number of measured individuals of
a given size (N) to the total number of individuals measured (M), was multiplied by the
total number of individuals not measured (X), to obtain the number of unmeasured
individuals assigned to a length group (T):
T =X(N/M).
The total number of a given size is the sum T + N.

Before 1980, all individuals of each species caught in gill nets were counted and
measured. Beginning in 1980, only the first 19 individuals of the same species caught
in the same mesh size in the same week were measured, and all remaining individuals
were counted. Consequently in some samples no fish were measured from an entire
panel.

For example, 16.5 percent of the Atlantic croaker and 3 percent of the red drum were
recovered from unmeasured panels. In these cases the data were tested by assigning size
categories to fish from these panels in proportion to the size frequency distribution of
the individuals captured within the same panel type over the entire fifteen year study
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period. The analyses performed on data prorated this way produced results consistent
with analyses performed on the same data sets in which data from unmeasured panels
were discarded. Consequently it was considered justified to disregard unmeasured panels
for most gill net data sets, with the exception of Gulf menhaden (where all fish were
counted because separate size classes were not analyzed). Table IIl.1 summarizes the
number of unmeasured fish for each species where gill net data were analyzed.

Data screening

Field data were recorded on standardized data sheets. After initial editing, field
. biologists submitted the data sheets to the TPWD Data Processing Section in Austin for
transcription to computer files. Error-detection programs were routinely applied to
identify unlikely or impossible values for each variable. Computer printouts of the
original data, annotated with potential errors, and original field sheets were returned to
field personnel for verification. These were corrected and resubmitted to Data Processing
for file updates.

Samples having unusually high catches (> 100 individuals for most species, > 500 for
shrimp, Gulf menhaden or striped mullet, >400 for bay anchovy or Atlantic croaker)
were verified or corrected by the Coastal Fisheries Resource Program Leader.
Suspicious sizes (e.g. a length of >200 mm for a blue crab) or sample locations were
also verified or corrected.

Table III.1. Total number of fish caught by gill net during spring
or fall season; number of fish measured; and number of fish in
panels where none were measured. Percentages do not total to 100
because in some panels, only a fraction of the fish caught were
measured (subsampled).

Fish in %$Fish in
SPECIES Season Total Number Unmsrd Unmsrd $Fish
Fish Msrd Panels Panels Msrd

Atlantic croaker F 2617 1601 432 16.5075 61.177
Black drum F 4024 3209 404 10.0398 79.747
Blue crab S 911 904 4 0.4391 99.232
Gulf menhaden F 7449 2944 1737 23.3186 39.522
Red drum S 4227 3833 124 2.9335 90.679
Sand seatrout F 371 361 9 2.4259 97.305
Southern flounder F 607 580 14 2.3064 95.552
Spotted seatrout S 2693 2417 25 0.9283 89.751
Striped mullet F 1345 1211 76 5.6506 90.037
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Selection of Size Range and Season

The three gear types have different catch selectivities and were chosen to offer a broad
representation of life stages: small individuals (especially juveniles) from nearshore
habitats are preferentially recovered by bag seine, large individuals from nearshore
habitats by gill net, and mixed populations from open bay bottom habitats by otter trawl
(Hegen et al. 1983; Osburn 1988; Green et al. 1991). Recruitment to the gear serves
as an estimate for the abundance of a species.

Size ranges and months of the year (or seasons) that best represented different life stages
and optimized existing data were selected for every species in a series of meetings
conducted by Coastal Fisheries and Resource Protection staff (Table III.2). For each
species collected by bag seine or trawl, size frequency distributions and catch per sample
were plotted by month for all years pooled. A restricted size range was then chosen,
based on the growth rates of the species, in order to reduce the probability of repeatedly
sampling the same cohort throughout the year, while keeping the range sufficiently broad
to make efficient use of available data. For species collected by gill net, size frequency
distributions were plotted by season (spring or fall) for all years pooled, and one of the
two seasons was chosen. The choice of season was usually based on which data set was
most likely to contain individuals of the age to spawn for the first time.

In this study "young of the year" refers to the smallest juveniles effectively sampled by
bag seine (Table II1.2), while "juvenile" refers to other subadult size classes. The term
"first-time spawners" is used for the size class at or near the age to reproduce for the
first time. Mature adults are referred to as "remaining adults" or, in cases where a class
of first-time spawners was not specified, simply "adults".

Standardization of Catch Per Unit Effort
Bag seine

For fish caught by bag seine the Catch Per Unit Effort (CPUE) was defined as the
number of individuals caught for a given area seined, calculated by multiplying the
length of the bag seine (18.3 m) by the distance pulled. The area seined was 0.03
hectare for the majority of the samples (e.g. 84 percent of samples containing red drum),
so bag seine CPUE was standardized as the number of individuals caught per 0.03
hectare.

Trawl

The CPUE for trawl samples was calculated as for bag seines, but using a time unit
rather than area. For CF data, CPUE was standardized as the number of individuals
caught per ten minutes of trawling (catch/0.16 hour). Ten minutes has been the specified
trawl procedure in recent years and the majority of trawl times (70 percent) fell between
0.16 and 0.17 hours. For the TPWD/NMFS data set CPUE was standardized as the
number of individuals caught per five minutes of trawl time because the majority of
samples were taken in five-minute tows.
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Gill net

The amount of time gill nets remained emplaced varied from 9 to 16 hours, with an
average set duration of 12.5 hours in spring and 14 hours in fall. The relaﬂonshlp
between duration of a gill net set and the number of individuals recovered was rarely
simple for many reasons. For example, gill nets can become saturated, effectively
stopping any increase in the number of fish caught. Fish trapped by gill net are subject
to predation and scavenging, such as by blue crab, sharks, or fishermen. Other factors
may include escape, crepuscular activity, or migratory patterns.

For many species it was common for catch to increase initially with set duration, then
dramatically decline. This phenomenon was especially common in fall data sets,
probably because set time increased as the day length decreased, and during the later
portion of the sampling period many species migrate to the Gulf to overwinter or spawn.

Analysis of covariance (ANCOVA) models were applied using SAS (Version 5.18) to
assess the effect of set duration (GTIME) on the catch rate:

CATCH = a + by_*Year + b*GTIME + b,_*Year*GTIME
and

CATCH = a + by_*Year*GTIME

where CATCH was the total number of individuals of a particular size class per sample,
Year was the year of the sample considered as a categorical variable, GTIME (in hours)
was a continuous variable for the duration of each gill net sample, and b, represented
the slope for each year that was significantly different from the mean. In this report all
continuous variables are capitalized (YEAR) whereas categorical variables are
represented in capital and lower case (Year).

Results of the ANCOVA analyses revealed colinearity between set duration and year;
that 1s, the effects of these two factors overlapped to the extent that the order of elements
in the model affected the significance of the results. Each data set was examined
individually with the assistance of consulting statisticians to evaluate the importance of
set duration to CPUE.

In some cases the results of the ANCOVA analysis indicated set duration was not
significant. The CPUE was then calculated simply as catch per set.

When preliminary models indicated that set duration was significant, CPUE was
standardized as catch per 12.5 hours for spring gill net data (the average set duration in
spring), or catch per 14 hours for the fall season. Models were tested using GLIM
(Version 3.77) to determine whether catch varied with GTIME, GTIME’, or some other

power (n) of set duration, in addition to YEAR, YEAR?, and YEAR-GTIME interaction.
If GTIME was 51gn1ﬁcant CPUE was then calculated using an appropriate coefficient
(n) for set duration. Therefore CPUE for spring gill net data was calculated using the
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Table III.2.
selected for trend analysis. * =

Species,

size ranges,

months (or season),

and gears from which data were

Insufficient data for trend analysis.

GEAR
SPECIES SIZE (MM) LIFE
STAGES BAG SEINE TRAWL GILL NET

1. Blue crab 25-45 Young of the year Jan-Dec Jan-Dec *

(Callinectes sapjdus) 50-70 Juveniles * Jan-Dec *
120-140 lst-time spawners * Jan-Dec Spring
>140 Remaining adults * * Spring

2. Brown shrimp All sizes Total catch Apr-Nov
(Penaeus aztecus) 30-55 Young of the year Apr-Nov * *

85-110 lst-time spawners * May-Aug *

3. Grass shrimp 25-35 Adults Jan-Dec * *
(Palaemonetes spp.)

4. White shrimp All sizes Total catch Jun-Nov
(Penaeus setjiferus) 35-55 Young of the year Jun-Dec * *

80-100 Juveniles * Jul-Apr *
110-130 1st time spawners * Apr-May *
* Aug-Nov *

5. Atlantic croaker 30-50 Young of the year Dec-Mar * *
(Micropogonias 115-135 lst-time spawners * Mar-Sept *
undulatus) 230-275 Remaining adults * * Fall

6. Bay anchovy 15-34 Juveniles May-Oct Dec-Mar *
(Anchoa mitchilli) 35-54 1st-time spawners Apr-Oct Jan-Dec *

255 Remaining adults Apr-Nov Jan-Dec *

7. Black drum 55-85 Young of the year Jun-Aug * *
(Pogonias cromis) 300-400 1st-time spawners * * Fall

>400 Remaining adults * * Fall



61

Table III.2. (continued) Species, size ranges, months (or season), and gears from which data
were selected for trend analysis. * = Insufficient data for trend analysis.

GEAR
SPECIES SIZE (MM) LIFE
STAGES BAG SEINE TRAWL GILL NET
8. Gulf Menhaden 20-30 Young of the year Feb-Jul * w
(Brevoortia patronus) 100-120 1st-time spawners * Jan-Dec *
All sizes Remaining adults * * Fall
9. Pinfish 40-60 Young of the year Mar-Jun * *
(Lagodon rhombojides) 80-109 Juveniles * Jun-Aug *
110-140 1st-time spawners * Sept-Nov *
10. Red drum 25-65 Young of the year Oct-Jan * *
(Sciaenops ocellatus) 375-500 Juveniles * * Spring
501-700 1st-time spawners * * Spring
11. Sand seatrout 35-55 Young of the year Apr-Oct * *
(Cynoscion arenarjus) 65-85 Juveniles * May-Dec *
140-160 1st-time spawners * Apr-Nov *
>160 Remaining adults * * Fall
12. Southern flounder 20-45 Young of the year Feb-Mar * *
(Paralichthys >250 Adults * * Fall
lethostigma)
13. Spotted seatrout 35=75 Young of the year Jun-Nov * *
(Cynoscion nebulosus) 350-450 1st-time spawners * * Spring
>450 Remaining adults * * Spring
14. Striped mullet 20-40 Young of the year Feb-Mar * *
(Mugil cephalus) 230-275 lst-time spawners * Dec~Mar *
275-314 Adults, Age IV * * Fall

>314 Adults, Age V+ * * Fall




formula
CPUE = CATCH / (GTIME/12.5)"
and for fall gill net data
CPUE = CATCH / (GTIME/14)".
These definitions of CPUE were used in subsequent trend analyses (summarized in Table
I11.3).

Statistical Analysis

Many sources of variation influenced the raw data, including spatial and temporal
variation attributable to environmental factors not specifically investigated in this study.
Because sources of variation could not be neatly separated, statistical analyses were
performed on the individual catches rather than on, for example, monthly or annual
totals. This improved the resolution of the analysis and should improve the evaluation
of long-term trends.

Table III.3. Summary of CPUE definitions used for analysis of
species caught by gill net.

Species Size (mm) CPUE

Blue crab 120-140 Catch/set

Blue crab >140 Catch/set 2
Atlantic croaker 230-275 CATCH/ (GTIME/14) ™4
Black drum 300-400 CATCH/(GTIME/14)15
Black drum >400 Catch/set

Gulf menhaden >100 CATCH/ (GTIME/14) ™3
Red drum 375-500 CATCH/ (GTIME/12. 5)2
Red drum 501-700 Catch/set 2

Sand seatrout >160 Catch/set 2
Southern flounder >250 Catch/set k

Spotted seatrout 350-450 Catch/set 2

Spotted seatrout >450 Catch/set 5

Striped mullet 275-314 Catch/set ®

Striped mullet >314 CATCH/(GTIME/14)

8 set duration not significant in test using GLIM.

P get duration not significant in initial test using SAS ANCOVA;

set duration and year colinear.

20



Data distribution and variance relationships

The CPUE for all species exhibited skewed distributions with a large proportion of
samples having zero catches, many samples having intermediate catches, and a few
samples with large catches. In no case was CPUE even approximately normally

distributed.

Based on visual inspection of untransformed residuals, the distribution of most data sets
appeared similar to a negative binomial distribution (NBD) with an inflated variance
factor. Analyses based on Gamma distributions were also applied to some gill net data
sets as appropriate. A generalized linear model (McCullagh and Nelder 1989),
applicable to data with non-normal distributions, was used to analyze trends in CPUE,
using the software GLIM (for Generalized Linear Interactive Modelling; Numerical
Algorithms Group 1987).

The variance associated with the overdispersed NBD can be defined by two parameters,
1 and k. For these data, the relationship among 1, k, monthly mean and variance of the
dependent variable (CPUE) was

variance = l(mean)+ k(mean)’.
PROC NLIN in SAS (Version 5.18; SAS Institute Inc., 1985) was used to obtain an
iterative solution that best estimated 1 and k while minimizing an appropriately weighted
residual sum of squares.

Some data sets initially yielded zero or negative values for 1 and/or k, which were
incompatible with statistical software. In these cases it was usually a single exceptionally
large mean monthly catch that excessively influenced the calculation, so that deleting one
or two outlying data points resulted in positive values for 1 and k. All analyses were
performed using positive values for |1 and k (summarized in Table III.4) on complete data
sets; that 1s, possible outliers were removed to estimate 1 and k but retained in the final
trend analysis.

Analysis of deviance

Analyses of deviance (ANODE) were conducted using GLIM 3.77. This software is
appropriate for the statistical modeling of non-normal error distributions, such as the
NBD.

The appropriate values for 1 and k (Table 4) were used to test the following models for
bag seine and trawl data:

(1) Logarithm of mean CPUE = ¢ + Month + Year + Month x Year

(11) Logarithm of mean CPUE = ¢ + Month + Year

(iif) Logarithm of mean CPUE = ¢ + Month + b,(YEAR)

(iv) Logarithm of mean CPUE = ¢ + Month + b,(YEAR) + bz(YEAR)2
where ¢ was a constant. Month was treated as a categorical variable so that annual trend
curves could be fitted and optimized. The categorical variable Year in models i and ii
allowed calculation of a separate mean for each year, making it possible to recognize
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Table III.4. Summary of estimated values of 1 and k used in the
analysis for each species.

Bag Seine Trawl Gill Net
Species 1 k 1 1 k
Blue crab
25-45 mm 0.7226 2.7491 0.5654 2.6004 - -
50-70 mm = = 1.0702 1.4319 - -
120-140 mm = o 0.8561 1.4792 1.000 5.000
>140 = = = = 0.119 3.277
Brown shrimp
All sizes 1963-68 & = 0.2106 0.9751 - =
All sizes 1972-80 = = 0.5755 1.4812 - =
30-55 mm 0.9454 2.3096 - - - -
85-110 mm 1963-68 - = 0.6611 0.9040 - =
85-110 mm 1972-80 = o 0.6859 1.5539 - -
85-110 mm 1983-90 = = 1.140 2.2422 - =
Grass shrimp
25-35 mm 0.5255 3.8976 = = = -
White shrimp
All sizes 1963-68 - - 0.4371 1.228 = -
All sizes 1972-80 = - 8.7950 1.116 = =
35=55 mm 0.827 2:9116 = = - -
80-100 mm - - 1.1504 2.6653 - .
110-130, 1963-68 - - 0.5843 0.3262 - -
110-130, 1972-80 - = 0.7716 2.1908 - -
110-130 mm, spring - - 1.4069 1.2963 - -
110-130 mm, fall = - 1.4266 0.8958 - -
Atlantic croaker
30-50 mm 0.581 3.421 - = - =
115-135 mm - - 0.8139 2.1338 -~ -
230-275 mm == = = - 0.4980 3.264
Bay anchovy
15-34 mm 0.4383 6.7809 0.4543 4.9008 - -
35-54 mm 0.5951 3.8088 0.70529 3.1089 - =
>= 55 mm 0.4416 3.5674 0.7146 2.935 = =
Black drum
55=85 mm 0.8017 2.9689 - - - =
300-400 mm - - - . 0.776 1.951
>400 mm = e = = 0.325 3.384
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Table III.4. (continued) Summary of estimated values of 1 and k
used in the analysis for each species.

Bag Seine Trawl Gill Net

Species 1 k b k 1 k

Gulf menhaden

20-30 mm 0.590 5.197 - - - -
100-120 mm - - 0.5083 5.0355 - -

All sizes - - - - 1.000 10.000%*

Pinfish

40-60 mm 0.452 3.980 - = = -
80-109 mm - - .4859 7.5114 - -
110-140 mm - - .2549 8.5648 - -

Red drum

25-65 mm 0.506 4.785 - - - -
375-500 mm - - - - 0.710 1.369
501-700 mm - - - - 1.000 10.000*

Sand seatrout

35-55 mm 0.662 3.243
65-85 mm = =
140-160 mm - -
>160 mm - -

.6898
.8117

.4153 - =
.0569 - -
0.850 1.581

| OO |
oW

Southern flounder
20-45 mm 0.761 2.297 - - - -
>250 mm - - - - .922 1.072

o

Spotted seatrout

35=75 mm 0.558 3.641 - == = =
350-450 mnm - n - = <379 2.553
>450 mm = = = = .867 1.429

= O

Striped mullet

20-40 mm 0.3531 4.753 - - = -
230-275 mm = = 0.4668 8.100 = -
276-314 mm = = = ~ .151 1.899
>314 mm - - = = .232 2.246

o

* Note: 1 and k were chosen to make the coefficient of variation
constant with respect to the mean, as suggested by the data
distribution. It was not possible to use the gamma error option
because of the large number of zeros in the data set.
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significant differences among years which were not explained by trend curves (i.e.
differences possibly related to events such as freezes, storms, floods, droughts or poor
reproduction, that were not associated with a trend phenomenon). Month x Year refers
to interaction between the categorical variables Month and Year. In models iii and iv,
the variable YEAR was treated as a continuous variable.

The following models were tested for gill net data:

(1) Logarithm of mean CPUE = ¢ + Year

(1)) Logarithm of mean CPUE = ¢ + b,(YEAR)

(iii) Logarithm of mean CPUE = ¢ + b,(YEAR) + b,(YEAR)’
where c was a constant. Year was treated as a categorical variable (Year) in the first
model and as a continuous variable (YEAR) in models ii and iii. Because gill net
samples were collected seasonally and not monthly, month was not considered as an
explanatory variable.

Error deviance was determined for bag seine and trawl data by the model including
Year, Month, and Year x Month interaction. Error deviance for gill net data was based
on a model including Year, GTIME, and YEAR-GTIME interaction in those cases where
set duration was possibly significant. When set duration was corrected or was not
significant, error deviance was determined by a model based on the categorical variable
Year.

For bag seine and trawl data, there were some months with zero mean monthly CPUE
that did not contribute to the determination of error deviance. A corrected error mean
deviance was calculated by subtracting the degrees of freedom (d.f.) represented by zero
months from the error deviance d.f., then dividing the error deviance by the corrected
d.f. The F ratios and P values were calculated using this corrected error mean deviance.
Gill net data were collected seasonally and had no zero seasonal catches.

All models were tested and the results summarized in a series of tables. ANODE tables
for bag seine and trawl data sets show results for categorical Month, linear YEAR, and
quadratic YEAR (YEAR?) effects, YEAR effects neither linear nor quadratic, categorical
Year x Month interaction effects, and error. ANODE tables for gill net data do not have
a Month term but may include results for the effects of set duration (the continuous
variable GTIME).

Long-term trends were indicated by models in which YEAR or YEAR? were significant.
The term YEAR corresponded to a linear annual trend on the logarithmic scale with a
net increase or decrease in CPUE during the course of the study period, and YEAR® to
a quadratic annual trend with a positive or negative curve. Annual models were fitted
and the trends were presented graphically with observed annual means to allow visual
evaluation of the predictive value of the models. In those cases where the analysis did
not reveal significant linear or quadratic YEAR effects, the mean CPUE for the entire
period was presented as a horizontal line.

Standard errors were calculated, using approximate methods, for the natural logarithms
of estimated mean annual CPUE with estimates provided by the fitted trend curves.
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Then approximate 95 percent confidence bands for the trend curves were found by
calculating the unlogged (exponentiated) values of
log estimate +2(standard error).

The calculations were based on an analogy with ordinary linear regression. If month-
year response y; is described by the linear regression

y; = m; +error : m; =a, +at + b
where b, j=1, 2,... are the monthly effects relative to the grand mean such that the
monthly effccts sum to 0, then the estimated annual mean will be given by a, + at,, as
the sum of the monthly effects will drop out.

For balanced data, a, + a;t; can be obtained by regressing y;’s on t; (ignoring months).
This line would be the same as that obtained by regressing y; on a, + a,t; + b, for each
j (month) and then averaging the results for each year.

Unfortunately, this procedure gives an inflated value for the standard error. Estimating
the variance of the fitted values involves multiplication by an estimate of the standard
deviation of the observed values. This estimate is derived from the deviance obtained
from the regression. The deviance obtained from regressing y; on a, + at; this way is
too large because monthly effects were not included. To correct this, the standard errors
have the incorrect deviance removed by division and the correct deviance inserted by
multiplication.

Residual values from each analysis of deviance were plotted against time to further assess
the appropriateness of the final model for each analysis by visually inspecting for a
random distribution of the residuals between -2 and 2, the range expected to include 95
percent of residuals (D. V. Hinkley, pers. comm.). In all cases the residuals were
randomly distributed, indicating a reasonably good fit for the models.

Spatial Distribution

Geographic distributions for each data set (species, size range and season) were plotted
using the ATLAS GIS system, enabling a base map of the Galveston Estuary system to
be superimposed upon plots of sample locations.

For bag seine and trawl data, mean CPUE for each latitude-longitude location (plotted
to the nearest 0.001 degree) was calculated. For gill net data mean catch per set was
plotted by location. Gill net data were not corrected for set duration because throughout
this study CPUE calculated with a correction for set duration was comparable to
uncorrected catch rates. This is not believed to invalidate the conclusions to be drawn
from these plots about geographic distributions.

Relative abundance was shown by the relative size of the circles plotted at a given
location. The largest circle size was set to represent values greater than or equal to
overall mean CPUE for the study period plus two standard deviations, so that one or two
very large catches would not dominate the plot; the smallest circles represent zero or
very small catches. Because the data are averaged for all samples and all years pooled,
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a circle of a given size may indicate that a single large catch and several small or zero
catches occurred in the same location, or it may indicate a large number of intermediate
catches. Consequently several large circles indicate high concentrations more reliably
than one large circle among smaller ones. This should not invalidate the results but
should be taken into consideration when examining distributions, especially when large
catches are common.

RESULTS AND DISCUSSION
Blue Crab (Callinectes sapidus)

Young-of-the-year blue crab (25-45 mm TW) increased in abundance during the study
period while juveniles (50-70 mm), first-time spawners (120-140 mm), and remaining
adult blue crab (>140 mm) decreased in abundance. Young of the year increased in
both bag seine and trawl catches (Figures III.1, II1.2). Juveniles and first-time spawners
showed a linear decrease through time in trawl data (Figures II1.3, III.4); however, gill
net data for first-time spawners did not show any significant trend (Figure IIL.5). Gill
net data showed remaining adults increased in abundance from 1983 to 1986, then
decreased through 1990 to levels lower than in 1983 (Figure III.6).

Season and Size Selection

Estimated growth rates for small (8-128 mm) blue crab in the Galveston Estuary were
15.3 to 18.5 mm per month (More 1969). A size range of 20 mm was used for all life
stages except the remaining adults in order to avoid repeated sampling of the same
cohort (Table II1.4).

The smallest size completely recruited to both bag seine and trawl was 25 mm, so young
of the year were defined to be 25-45 mm (Figures II1.7 and II[.8). The 25-45 mm size
range was well represented in both bag seine and trawl, therefore both data sets were
analyzed to determine trends in shoreline and open-water environments. The most
abundant size range in trawl data was centered around 60 mm and juveniles were defined
as the 50-70 mm size class (Figure II1.8). The season for evaluating the abundance of
these life stages was defined to be a calendar year because both young of the year and
juveniles were present in all months in bag seine and trawl catches, confirming the
findings of More (1969).

Most blue crab reach sexual maturity within one year after hatching, at about 127 mm
(More 1969). The 120-140 mm size range was chosen to represent blue crab at the age
of first spawning. Crab of this size were present throughout the year in trawl data
(Figure II1.8) and occurred in sufficient numbers in gill net data to allow analysis (Figure
II1.9). Remaining adults were defined as crabs greater than 140 mm. The spring gill
net season was chosen as the best data set for the analysis of first-time spawners and
remaining adults because it coincides with the period of peak spawning (More 1969).
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Figure III.1. A. Mean annual CPUE and predicted CPUE with confidence intervals for
young-of-the-year blue crab (25-45 mm) caught by bag seine. B. Mean CPUE by
month.
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Figure III.2. A. Mean annual CPUE and predicted CPUE with confidence intervals for
young-of-the-year (25-45 mm) blue crab caught by trawl. B. Mean CPUE by month.
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Young of the Year

Bag seine: The annual trend was linear with a positive slope (Table III.5, Figure
III.1A); the quadratic component was not significant. The linear component only
accounted for a small proportion (10.7 percent) of the total deviance, leaving a
significant amount of the year-to-year variation unexplained (Table III.5). Deviance
ascribed to Month was large, reflecting the large differences in CPUE among months
(Figure III.1B).

Trawl: The annual trend showed an increase in abundance having significant linear and
quadratic components (Table II1.6, Figure II1.2A). Again there was considerable month-
to-month variation not explained by the quadratic model (Figure III.2B).

Juveniles

Trawl: Juveniles showed a significant decreasing linear trend (Table III.7, Figure
III.3A). The quadratic component was not significant. The model including categorical
Month and linear YEAR explained 34.5 percent of the total deviance. Most of the total
deviance was ascribed to YEAR effects other than the linear or quadratic components.
Mean monthly CPUE varied greatly (Figure II1.3B).
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Table III.5. Analysis of deviance for young-of-the-year blue crab

(25-45 mm TW) caught by bag seine, January-December, 1978-1990.
Source of Variation D.F. Deviance M.D. F P
Month 11 176.7 16.06 16.48 <0.001
YEAR

Linear 1 16.05 26.05 26.72 <0.001

Quadratic 1 0.44 0.44 0.45 0.50

Other 10 23.80 2.38 2.44 <0.01
Month x Year 131 342.20 2.61 2.68 <0.001
Corrected error 1200 1169.90 0.97

Table III.6. Analysis of deviance for young-of-the-year blue crab

(25-45 mm TW) caught by trawl, January-December, 1983-1990.
Source of Variation D.F. Deviance M.D. F P
Month 11 255.30 23.21 27.95 <0.001
YEAR

Linear 1 5.70 5.70 6.86 <0.01

Quadratic 1 67.80 67.80 81.56 <0.001

Other ] 102.80 20.56 24.76 <0.001
Month x Year 77 289.30 3.76 4.52 <0.001
Corrected error 1711 1420.80 0.83
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Table III.7. Analysis of deviance for juvenile blue crab (50-70
mm) caught by trawl, January-December, 1983-1990.

Source of Variation D.F. Deviance M.D. F P
Month 11 850.70 77 .34 96.06 <0.001
YEAR
Linear 1 9.10 9.10 11.30 <0.001
Quadratic 1 0.00 0.00 0.00 >0.75
Other 5 49.80 9.96 12.37 <0.001
Month x Year 77 231.770 3.01 3.74 <0.001
Corrected error 1749 ©1408.10 0.81
Table III.S. Analysis of deviance for first-time spawning blue

crab (120-140 mm) caught by trawl, January-December, 1983-1990.

Source of Variation D.F. Deviance M.D. F P
Month 11 312.70 28.43 45.27 <0.001
YEAR
Linear 1 32.90 32.90 52.39 <0.001
Quadratic 1 0.00 0.00 0.00 >0.75
Other 5 29.20 5.84 9.30 <0.001
Month x Year 77 171.30 2.22 3.54 <0.001
Corrected error 1463 918.70 0.63
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First-time Spawners

Trawl: The 1 parameter initially calculated by PROC NLIN (SAS) was negative.
Deletion of one large outlier catch resulted in a positive estimate for 1.

The annual trend was linear with a negative slope (Table III.8, Figure II1.4A) and there
was no significant quadratic component. The model including Month and linear YEAR
explained 23.5 percent of the total deviance.

Gill net: The estimate of | was negative but close to 0. Because of the scatter of the
data points there was no clear "outlier" to delete. A Gamma distribution was suggested
by the data and was tested in addition to the negative binomial distribution. Set duration
was not found to be significant (P>0.50) and CPUE was defined as catch per set
(Figure II1.5B).

No significant linear or quadratic annual trend was found from 1983 to 1990, whether
the data were analyzed as Gamma or negative binomial distributions (Table II1.9). Mean
CPUE by year was less than one crab per set (Figure IIL.5).

Remaining Adults

Gill net: Preliminary analysis showed that set duration (GTIME) was not significant
(Figure II1.6B). Therefore CPUE was defined as catch per set. The interaction between
set duration and year was omitted because it did not contribute significantly to the
deviance.

Mean annual CPUE (Figure III.6A) was highest for the remaining adults in 1986. There
was a significant quadratic component to annual values of CPUE (Table II1.10). The
linear trend was marginally significant, but quadratic and linear effects in combination
were significant (p < 0.025), suggesting there was a net decrease in abundance from 1983
to 1990.

Spatial Distribution

Young-of-the-year crab taken by bag seine were abundant along most shorelines sampled
in the Galveston Estuary (Figure III.10). Young of the year taken by trawl (Figure
III.11) were abundant in the low-salinity areas of Trinity Bay and moderately abundant
in Upper and Lower Galveston Bay. Juvenile crab caught by trawl were abundant in
Trinity, Upper, and Lower Galveston Bay (Figure III.12). First-time spawners were
abundant in Trinity and Upper Galveston Bay (Figure III.13). The high abundance of
first-time spawning crab (Figure III.14) and remaining adults (Figure III.15) in Christmas
Bay and other parts of the coastline of East and West Bays may be related to areas of
sg%merged aquatic vegetation and seagrasses (Thomas et al. 1990, Pulich and White
1989).

Densities for crab <40 mm were found by Thomas et al. (1990) to be highest in
seagrass, intermediate in salt marsh, and lowest over bare sand. Seagrasses are
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Table III.9. Analysis of deviance for first-time spawning blue
crab (120-140 mm) caught by gill net, spring season, 1983-1990.
CPUE=catch/set. Analysis based on Gamma distribution.

Source of Variation D.F. Deviance M.D. F P
GTIME 1l 1.34 1.34 0.82 >0.25
YEAR
Linear 1 1.01 1.00 0.61 >0.25
Quadratic 1 3.64 3.64 2.22 >0.10
Other 5 7.45 1.49 0.91 >0.25
GTIME x YEAR 7 17.48 2+50 1.52 >0.10
Corrected error 344 562.92 1.64

Table III.10. Analysis of deviance for remaining adult blue crab
(>140 mm) caught by gill net, spring season, 1983-1990.
CPUE=catch/set. Analysis based on negative binomial distribution.

Source of Variation D.F. Deviance M.D. F P
GTIME 1 3.88 3.88 3.01 2>0.05
YEAR
Linear 1 4.41 4.41 3.42 >0.05
Quadratic i 1 5.76 5.76 4.47 <0.025
Linear + Quadratic 2 10.17 5.09 3.94 <0.025
Other 5 10.54 2+11 1.64 >0.10
Error 351 451.51 1.29
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Figure I11.10. Distribution of young-of-the-year blue crab (25-45 mm) caught by bag seine, January-December,
1978-1989. Circle size is proportional to mean CPUE.
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Figure III.11. Distribution of young-of-the-year blue crab (25-45 mm) caught by trawl, January-December, 1978-
1989. Circle size is proportional to mean CPUE.
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Figure II1.12. Distribution of juvenile blue crab (50-70 mm) caught by trawl, January-December, 1983-1990.
Circle size is proportional to mean CPUE.
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Figure II1.13. Distribution of first-time spawning blue crab (120-140 mm) caught by trawl, January-December,
1983-1990. Circle size is proportional to mean CPUE.
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Figure III.14. Distribution of first-time spawning blue crab (120-140 mm) caught by gill net, spring, 1983-1990.
Circle size is proportional to mean catch per sample.
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Figure I11.15. Distribution of remaining adult blue crab (> 140 mm) caught by gill net, spring, 1983-1990. Circle -
size is proportional to mean catch per sample.



generally distributed as a narrow line along shorelines (Pulich and White 1989). High
catches of young of the year by bag seine (Figure 1I1.10) and adults in gill net (Figures
I11.14, III.15) may correspond to these areas. The high trawl catches of young of the
year (Figure III.11), juveniles (Figure III.12) and first-time spawners (Figure III.13) in
Trinity Bay may be related to low salinity. The abundances of adult crab in the middle
and lower parts of the Galveston Bay system (Figure III.14, III.15) may also be related
to the salt marsh and submerged seagrass beds in these areas (Zimmerman et al. 1990).

Discussion

This analysis did not specifically examine how differing habitat conditions such as
temperature, salinity, or differing bottom type, factors that may affect blue crab
abundance, may have influenced CPUE. The random sampling design should have
dampened differences in CPUE due to spatial variability in habitat conditions. The
trend toward increasing abundance in young-of-the-year crab indicated recruitment to the
bays after spawning is not a problem. However, the declining abundance of juvenile and
first-time spawners taken by trawl since 1983, and remaining adults caught by gillnet
since 1986, are cause for concern. It is of interest to note that the mean size of crabs
taken in research vessel trawls in Galveston Bay has declined from 91 mm in 1982 to
71 mm in 1988 (Mambretti et al. 1990).

The increase in abundance of young-of-the-year crab may be explicable on the basis of
fragmentation of seagrass and marsh habitats, documented by Zimmerman et al. (1990,
1991). They found that adult blue crab were more abundant in the middle and lower
parts of the Galveston Estuary along the coastline. The declining trends in abundance
of the larger size classes of crab may be due to the decline in the export of organic
detritus to the middle and lower portions of the estuary associated with the loss of
wetland habitat (Turner and Boesch 1987, Pulich and White 1989, Teels 1990). The
declining abundance of the larger size classes of blue crab could also be caused by
overfishing. Further research is needed to determine which factors influenced trends in
abundance of blue crab in the Galveston Estuary.

Brown Shrimp (Penaeus aztecus)

The historical data from the NMFS/TPWD data set were analyzed for total catch (all size
classes for the months April through November) and for first-time spawners (85-110 mm
TL for the months May through August). No clear trend appeared for the years 1963-
1968 in either analysis (Figures III.16, II1.17). However, the data showed a slight
upward trend from 1972 through 1980 in both analyses, influenced by a high CPUE in
1980 (Figure 111.18, II1.19).

In the CF data set, both young of the year (30-55 mm) caught by bag seine and first-
time spawners (85-110 mm) caught by trawl showed great year-to-year variation without
any significant annual trend (Figures I11.20 and II1.21). The annual CPUE was highest
during 1987 for both bag seine and trawl catches. Mean annual CPUE in bag seine and
trawl catches appear to be correlated (1983 through 1990).
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Figure I11.16. A. Mean seasonal (April-November) CPUE and predicted CPUE with
confidence intervals for all sizes of brown shrimp caught by trawl, 1963-1968
(TPWD/NMFS data). B. Mean CPUE by month, April-November only.
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Figure III.17. A. Mean seasonal (May-August) CPUE and predicted CPUE with
confidence intervals for first-time spawning brown shrimp (85-110 mm) caught by trawl,
1963-1968 (TPWD/NMFS data). B. Mean CPUE by month, May-August only.
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Figure III.18. A. Mean seasonal (April-November) CPUE and predicted CPUE with
confidence intervals for all sizes of brown shrimp caught by trawl, 1972-1980
(TPWD/NMEFS data). B. Mean CPUE by month, April-November only.
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Figure II1.20. A. Mean seasonal (April-November) CPUE and predicted CPUE with
confidence intervals for young-of-the-year brown shrimp (30-55 mm) caught by bag seine
(CF data). B. Mean CPUE by month. Filled bars: April-November. Hollow bars:
months not used in analysis.
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Figure III.21. A. Mean seasonal (May-August) CPUE and predicted CPUE with
confidence intervals for first-time spawning brown shrimp (85-110 mm) caught by trawl,
1983-1990 (CF data). B. Mean CPUE by month. Filled bars: May-August. Hollow
bars: months not used in analysis.
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Season and Size Selection

Brown shrimp can grow more than 1 mm/day in spring and summer in the bays (Parrack
1979; Phares 1980; Garcia and Reste 1981; Nichols 1981). A size range of 25 mm was
used to define life stages.

Small brown shrimp are abundant in bag seine catches. Young of the year were defined
as the 30-55 mm size class (Figure III.22). Young of the year were present in all
months but were most numerous from spring through fall, therefore the season for
evaluating the abundance of this life stage was defined as April through November.

Most brown shrimp reach sexual maturity within one year after hatching, at about 140
mm. They attain a size of 85-110 mm in the bays before emigrating to the Gulf to
spawn (Cody et al. 1989). The most abundant size in trawls was centered around 90
mm (Figure II1.23), and the 85-110 mm size range was chosen to represent shrimp
approaching the age to spawn for the first time. This size group was most numerous
from May to August, the season chosen for analysis. In addition, all size groups in the
TPWD/NMFS data set were analyzed collectively for the months of April to November.

Total catch, NMFS/TPWD data

Trawl: For the years 1963-1968, neither the linear annual trend nor the quadratic
component were significant (Table II1.11; Figure III.16A). Together they accounted for
less than 12 percent of the deviance ascribed to annual variation. Deviance explained
by Month was large, as shown by wide variation between months (Figure III.16B).

For 1972-1980, the linear trend was significant but not the quadratic component (Table
II1.12; Figure III.18A). The upward trend was probably influenced by high catches in
May 1980 (Figure III.18B). Further analysis showed that when the 1980 data were
{'emoved, a less dramatic trend appeared. Again, the deviance attributed to Month was
arge.

Young of the year, CF data

Bag seine: The annual linear trend was not significant and the quadratic component was
marginally significant (Table III.13). Together they accounted for less than 1 percent
of the total deviance. Most of the deviance was accounted for by categorical year and
Month effects, or was unexplained by the models tested, reflecting large differences in
CPUE among months (Figure II1.20B). With the exception of 1987, monthly mean
CPUE decreased from 1978 to 1983 and remained at lower levels after 1983. When
1987 data were deleted, the analysis revealed a linear decrease (0.005>p>0.001) with
no significant quadratic component.

First-time Spawners, TPWD/NMFS data

Trawl: For the years 1963-1968, neither the annual linear trend nor the quadratic
component were significant (Table I11.14). Together they accounted for less than 5

52



36

>55-80 mm ’\
30 -

24
18

12

CPUE (No./0.03 hectare)

Brown shrimp
Bag seine

Figure II1.22. Mean CPUE by month for three size classes of brown shrimp caught by
bag seine (< =55 mm, >55-80 mm, >80 mm). CF data pooled from 1978-1989.

IV}
. 9 - 85-110 mm
o
= 8 60—84 mm
g ¥
E 6 Brown shrimp
— 5 - Trawl
~
S 4
e 3 4 <60 mm
=
- 2 - >110 mm
ol N R
© 1 - L s c ot
0 T P e
Z m o 0o > Z — @) ol = > O
< @b < o < 5 2 5 BE OO O &
R 2R, P g Oz A
Month

Figure II1.23. Mean CPUE by month for four size classes of brown shrimp caught by

trg;vol (<60 mm, 60-84 mm, 85-110 mm, >110mm).
1990.

53

CF data pooled from 1983-



Table III.1ll1. Analysis of deviance for brown shrimp, all size
classes, caught by trawl, April to November, 1963-1968. TPWD/NMFS
data.

Source of Variation D.F. Deviance M.D. F P
Month 7 450.59 64.37 35.64 <0.001
YEAR
Linear & 4.42 4.42 2.45 >0.10
Quadratic 1 5.08 5.08 2.81 >0.05
Other 3 70.17 23.39 12.95 <0.001
Month x Year 35 198.91 2.83 1.57 <0.01
Corrected Error 248 448.00 1.81

Table III.12. Analysis of deviance for brown shrimp, all size
classes, caught by trawl, April to November, 1972-1980. TPWD/NMFS
data.

Source of Variation B.F. Deviance M.D. F P
Month 2 399.50 57.07 35.98 <0.001
Year
Linear 1 19.90 19.90 12.55 <0.001
Quadratic i 1.40 1.40 0.88 >0.25
Other 6 64.50 10.75 6.78 <0.001
Month x Year 55 213.70 3.89 2.45 <0.001
Corrected Error 513 813.70 1.59
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Table III.13. Analysis of deviance for young-of-the-year brown
shrimp (30-55 mm) caught by bag seine, April-November, 1978-1990.
CF data.

Source of Variation D.F. Deviance M.D. F P
Month 7 499.30 713 5.84 <0.001
‘YEAR
Linear 1 0.86 0.86 0.71 >0.25
Quadratic 1 4.70 4.70 3.85 <0.05
Other 10 88.90 8.89 7.28 <0.001
Month x Year 83 394.00 4.75 3.89 <0.001
Corrected error 845 1032.10 1.22

Table III.14. Analysis of deviance for first-time spawning brown
shrimp (85-100 mm) caught by trawl, May to August, 1963-1968.
TPWD/NMFS data.

Source of Variation D.F. Deviance M.D. F P
Month 3 79.66 2655 13.:92 <0.001
YEAR
Linear 1 1.42 1.42 0.77 >0.25
Quadratic 1 1.01 1.01 0.53 >0.25
Other 3 50431 16.77 8.79 <0.001
Month x Year 15 61.40 4.09 2:15 0.01
Corrected Error 147 280.53 1.91
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Table III.15. Analysis of deviance for first-time spawning brown
shrimp (85-100 mm) caught by trawl, May to August, 1972-1980.
TPWD/NMFS data.

Source of Variation D.F. Deviance M.D. F P
Month 3 85.19 28.40 18.26 <0.001
YEAR
Linear 1 9.79 9.79 6.30 <0.025
Quadratic 1 5.08 5.05 3.25 >0.05
Other 6 76.61 12.77 8.21 <0.001
Month x Year 24 74.90 3.12 2.01 <0.005
Corrected Error 287 446.24 1.56

Table III.16. Analysis of deviance for first-time spawning brown
shrimp (85-100 mm) caught by trawl, May-August, 1983-1990. CF
data.

Source of Variation D.F. Deviance M.D. F P
Month 3 198.61 66.20 65.72 <0.001
YEAR
Linear 1 0.22 0.22 0.22 >0.50
Quadratic 1 0.97 0.97 0.96 >0.25
Other 5 24.015 4.80 4.77 <0.001
Month x Year 21 96.01 4.57 4.54 <0.001
Corrected error 589 593.36 1Dk
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percent of the deviance ascribed to annual variation. Most of the deviance was explained
by monthly variation, as in the total catch data.

For the total catch, for 1972-1980 the linear trend was significant but not the quadratic
component (Table III.15). A high CPUE in June 1980 influenced the upward trend
(Figure II1.19B); further analysis showed that when the 1980 data were removed, no
trend was apparent. Most of the deviance was explained by Month.

First-time spawners, CF data

Trawl: For 1983-1990, neither the linear nor the quadratic annual trends were
significant (Table II1.16). Together they accounted for less than 5 percent of the
deviance ascribed to annual variation. Deviance explained by Month was large. The
removal of 1987 from the data set did not reveal an annual trend.

Variation appeared systematic in that years of greater-than-average CPUE alternated with
lower-than-average years (Figure II1.21). The annual fluctuations in bag seine and trawl
catches appeared to be correlated (1983 through 1990).

Spatial Distribution, CF data

Young-of-the-year brown shrimp were abundant along most shorelines in the Galveston
Estuary with the exception of Upper Galveston Bay and northern Trinity Bay, though
intermediate catches occurred in Tabbs Bay and around the mouth of the San Jacinto
River (Figure II1.24). First-time spawners were also well distributed within the Estuary,
including Trinity Bay and Upper Galveston Bay (Figure III.25).

Discussion

The CPUE for the TPWD/NMFS is not strictly comparable to that for the CF data,
because of differing sampling methods (a smaller net with slightly different mesh size)
and effort (shorter trawl times). A rough visual estimate suggests a four-fold difference
between mean CPUE for the 1960s and 1970s compared to 1983-1990, implying
spawning-age brown shrimp may have decreased in abundance over the long term.

All the brown shrimp data sets examined showed rare, short-term population peaks,
raising the possibility that the trend analyses could be overly influenced by a small
number of exceptional catches, specifically, that a decreasing trend may be obscured by
rare high catch rates (such as those of 1987). A closer inspection of the data was
warranted by these concerns.

Interesting trends were revealed when zero and non-zero catches were analyzed
separately. For bag seine data, the proportion of samples containing no brown shrimp
in the 30-55 mm size range remained moderate (37-67%; Figure II1.26A). An analysis
of non-zero catches alone revealed neither a linear nor a quadratic annual trend; most
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of the deviance was explained by categorical Month effects, indicative of strong
seasonality. An analysis modelling the probability of zero catches in proportion to the
probability of non-zero catches, however, revealed significant linear and quadratic annual
trends (0.01 <p<0.25 and 0.001 <p <0.005, respectively), indicating an increase in the
ratio of zero catches from 1982 to 1990 with the exception of 1987 (Figure III.26A).

The breakdown of zero and non-zero catches for trawl data (Figure II1.26B) revealed a
strong annual signature, even though the trawl data showed no annual trend when
analyzed in their entirety. The proportion of zero catches in the CF data set increased
from 36.25% in 1983 to 77.5% in 1990. Concurrently, CPUE exclusive of zero catches
increased from 5.23 to 14.01. The analysis of non-zero CPUE showed a significant
linear annual trend (0.001 <p <0.005) with no additional quadratic component; similarly,
modelling the probability of zero catches revealed a strong linear trend (p<0.001),
explaining 13.3% of the total deviance. In summary, though mean abundance did not
change, the shape of the catch distribution curve changed from 1983 to 1990; shrimp
were caught in greater numbers while the probability of catching no shrimp also
increased.

Recent developments in the Galveston Estuary that may affect the abundance of brown
shrimp are overfishing, which mainly affects the larger shrimp, and wetland loss, which
is detrimental to juvenile shrimp. Juvenile brown shrimp are mostly safe from fishing
and partially protected from other predators in their nursery habitat, the shallow areas
in the estuaries. First-time spawning shrimp are exploited by the bay trawl fishery in
deeper bay areas, and those that emigrate to the Gulf are further exploited by the Gulf
trawl fishery. Commercial shrimping effort in Texas has increased considerably,
especially in recent years (Cody et al. 1989; Klima et al. 1990). Substantial effort by
bay shrimpers is directed at intercepting first-time spawning brown shrimp before they
escape through the passes to the Gulf. The average size of brown shrimp in reported
commercial landings from Texas has decreased (growth overfishing), probably because
of greater fishing effort (Caillouet et al. 1980; Caillouet and Koi 1981; Klima et al.
1989; Nance et al. 1989).

Juvenile brown shrimp prefer vegetated habitat (salt marsh and seagrass beds) to non-
vegetated habitat, and their densities are generally several times higher on the marsh
surface than on the open-water bottom (Minello and Zimmerman 1984; Zimmerman and
Minello 1984; Zimmerman et al. 1984). The loss of marsh and seagrass beds is clearly
detrimental to shrimp (Turner 1977). A multitude of man-made and natural causes have
contributed to the loss of saltwater marsh and seagrass beds in recent years (NOAA
1989; Pulich and White 1989).
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Figure II1.26. A. Mean secasonal (April-November) CPUE exclusive of zero catches
(solid line), percentage zero catches (dashed line), and predicted values for young-of-
the-year brown shrimp (30-55 mm) caught by bag seine. B. Mean seasonal (May-
August) CPUE exclusive of zero catches (solid line), percentage zero catches (dashed
line), and predicted values for first-time spawning brown shrimp (85-110 mm) caught
by trawl.
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Grass Shrimp (Palaemonetes spp.)

Grass shrimp 25-35 mm in bag seine catches showed a quadratic trend, decreasing from
1983 to 1987 followed by an increase through 1990 (Figure II1.27). Only one size group
was analyzed because only adult grass shrimp were caught.

Selection of species, season and size

There are five species of grass shrimp with similar morphological characteristics in the
Gulf of Mexico (P. pugio, P. intermedius, P. kadiakensis, P. paludosus, and P. vulgaris;
" Anderson 1985). All grass shrimp were lumped as Palaemonetes spp. for monitoring
purposes and have been consistently recorded in bag seine samples only since 1982.

Though abundant and ecologically important, information on the growth and spawning
of grass shrimp is limited. P. pugio in South Carolina mature when they are 1.5 to 2
months old and about 15 to 18 mm long (Alon and Stancyk 1982). Mainly large grass
shrimp (>25 mm) are caught by bag seine (Figure II1.28). A size range of 25-35 mm
was selected to represent adult grass shrimp. Shrimp of this size range were present in
sufficient numbers for analysis throughout the year.

Adults

Bag seine: A quadratic trend for annual effects explained the largest proportion of the
total deviance (Table III.17). All factors were significant. The trend was strongly
influenced by high catches in November 1983, January 1985, and December 1990
(Figure I11.27B).

Spatial distribution

Grass shrimp were common in all parts of the Galveston Estuary shoreline with the
exception of Upper and Lower Galveston Bay proper (Figure II1.29), where seagrasses
have been scarce since the 1960s (Pulich and White 1989). High densities along the
eastern shore of Trinity Bay and in Christmas Bay probably corresponded to the
extensive seagrass beds remaining in those areas (Pulich and White 1989).

Discussion

Grass shrimp are a favored food item for small fish. Any decrease in grass shrimp
populations would be cause for concern because it could be detrimental to higher trophic
groups. Grass shrimp populations would be expected to decrease with the well-
documented loss of submerged vascular vegetation (Pulich and White 1989). ’I_'he
quadratic trend documented here may reflect normal population cycles with a period
spanning several years, or may be the result of local environmental change.
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Figure III.27. A. Mean annual CPUE and predicted CPUE with confidence intervals
for adult grass shrimp (25-35 mm) caught by bag seine. B. Mean CPUE by month.
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Table III.17. Analysis of deviance for adult grass shrimp (25-35
mm) caught by bag seine, January-December, 1983-1990.

Source of Variation D.F. Deviance M.D. F P
Month 11 65.80 5.98 4.843 <0.001
YEAR
Linear 1 7.41 7.41 6.00 <0.025
Quadratic 1 21.90 21.90 17.73 <0.001
Other 5 25.60 5.12 4.14 <0.001
Month x Year 77 544.70 7.07 5.73 <0.001
Corrected error 956 1180.80 1.235
__ R0.0
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Figure I11.28. Mean CPUE by month for three size classes of grass shrimp caught by
bag seine (<25 mm, 25-35 mm, >35 mm). Data pooled from 1983-1989.
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White Shrimp (Penaeus setiferus)

From 1963 to 1968 the TPWD/NMEFS data set showed curvilinear trends for the analyses
of both total catch and first-time spawners (Figures II1.30, III.31). CPUE decreased
from 1963 to 1965, then increased through 1968. From 1972 through 1980, CPUE
increased for both groups (Figures II1.32, III.33). First-time spawners increased linearly
from 1972 through 1980 (Figure III.33) but all sizes combined showed a quadratic
component with a decrease beginning after 1978 (Figure II1.32).

- In the CF data, all size categories studied showed a linear decrease from 1982 through
1990. However, the 1977-1990 time series for young of the year (35-55 mm) showed
no significant annual trend when analyzed as a whole. Juveniles (80-100 mm) and
shrimp approaching the size to reproduce for the first time (110-130 mm) caught by
trawl showed a strong linear decrease in both the spring and fall seasons (Figures III.35,
III.36, 1I1.37). The fall season showed an additional quadratic component, with an
increase from 1982 to 1985 followed by a decrease through 1990.

Season and Size Selection

Narrow size ranges (20 mm) were used for all size classes because white shrimp grow
rapidly, especially juveniles (1.0 to 1.5 mm/day; Nichols 1982). Shrimp 35-55 mm TL
were chosen to represent the young of the year because they were the smallest
individuals effectively caught in bag seine samples and the most abundant 20-mm size
class (Figure III.38). The analysis was confined to the months of June through
December, when shrimp of this size range were numerous.

The monthly size frequency plot for CF trawl data (Figure II1.39) shows a relatively
complex, but regular, annual pattern. For all but the smallest shrimp there was a small
spring peak from March to May. A long fall season of high catch rates occurred from
August through December for all size groups. An analysis of all size ranges pooled was
performed on the TPWD/NMEFS data set, restricted to the months of June through
November.

A size range of 80 to 100 mm was chosen to represent juveniles caught most effectively
by bay trawling (Figure II1.39). Shrimp in this size range appeared in high numbers in
July and were abundant until the following spring. Consequently this size class was
analyzed using data from July through April of the following year.

White shrimp become sexually mature at a size of 135-155 mm (Cody et al. 1989). A
size range of 110 to 130 mm was well-represented in trawl data and selected to represent
the population approaching the age of first spawning. This size group had peaks in the
spring (April and May) and in the fall (August to November; Figures II1.39, III.36B)
that were analyzed separately for CF data. Only the fall season was analyzed in
TPWD/NMEFS data.
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Figure II1.30. A. Mean seasonal (June-November) CPUE and predicted CPUE with
confidence intervals for all sizes of white shrimp caught by trawl, 1963-1968.
TPWD/NMES data. B. Mean CPUE by month, June-November only.
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Figure I11.33. A. Mean seasonal (August-November) CPUE and predicted CPUE with
confidence intervals for first-time spawning white shrimp caught by trawl, 1972-1980.
TPWD/NMEFS data. B. Mean CPUE by month, August-November only.
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Figure II1.34. A. Mean seasonal (June-December) CPUE and predicted CPUE with
confidence intervals for young-of-the-year white shrimp (35-55 mm) caught by bag seine.
CF data. B. Mean CPUE by month. Filled bars: June-December. Hollow bars:
months not used in analysis.
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Figure III.35. A. Mean seasonal (July-April) CPUE and predicted CPUE with
confidence intervals for juvenile white shrimp (80-100 mm) caught by trawl, 1982-
1990. CF data. B. Mean CPUE by month. Filled bars: July-April. Hollow bars:
months not used in analysis.
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Figure III.36. A. Mean seasonal (April-May) CPUE and predicted CPUE with
confidence intervals for first-time spawning white shrimp (110-130 mm) caught by trawl,
1982-1990. CF data. B. Mean CPUE by month. Filled bars: spring catch (April-
May). Hatchured bars: fall catch (August-November). Hollow bars: months not used
in analysis.
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Figure II1.37. Mean seasonal (August-November) and predicted CPUE with confidence

intervals for first-time spawning white shrimp (110-130 mm) caught by trawl, 1982-
1990. CF data.

Total catch, TPWD/NMEFS data

Trawl: In the years 1963 through 1968, pooled size classes showed a quadratic trend
(Figure 1I1.30A). CPUE decreased slightly from 1963 to 1965, then increased from
1965 to 1968, with a maximum in October 1968 (Figure I11.30B). The variables YEAR,
YEAR?, and Month were all significant (Table II1.18).

All terms were significant in the analysis of deviance for the 1972-1980 period (Table
II1.19). The fitted trend showed an increase until 1979 followed by a decrease (Figure
II1.32A), though observed CPUE peaked in October 1976 (Figure II1.32B). The linear
and quadratic components accounted for over 82 percent of the deviance ascribed to
annual effects.

Young of the year, CF data

Bag scine: The quadratic term explained most of the year-to-year variation (Table
I11.20). Figure III.34A shows a quadratic model centered on the modal year 1982,
superimposed upon a small but significant linear decrease. Most of the temporal
variation was attributed to Month effects, as expected in such a strongly seasonal species
(Figure II1.34B).
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Figure II1.38. Mean CPUE by month for four size classes of white shrimp caught by
bag seine (< =55 mm, >55-75 mm, >75-95 mm, >95 mm). CF data pooled from
1977-1989.

12
@ White shrimp /% B0-100 mm
o 10 H ;:
g Trawl /
3 ;
o— 8 - ;
g
o '-.‘
< 6 - "..: <80 mm
o) .
Z 4~ /
[5_-1 110-130 mm
A, =&
O
0 g 2l | |
= @) al = = O
% 2 D m L O =
- " < »nn O zZ A
Month

Figure I11.39. Mean CPUE by month for four size classes of white shrimp caught by
trawl (<80 mm, 80-100 mm, 110-130 mm, > 130 mm). CF data pooled from 1982-
1990.
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Juveniles, CF data

Trawl: The CPUE for juvenile white shrimp decreased linearly from 1982 to 1990
(Figure I11.35; Table II1.21). Categorical Month effects explained a large proportion of
the temporal variation (Figure III.35B). There was close correspondence between mean
annual CPUE and the values predicted by a linear model.

First-time spawners, TPWD-NMFS data

Trawl: As for the total catch, CPUE for first-time spawners decreased from 1963
through 1965 and increased from 1965 through 1968 (Figure III.31). The quadratic
component of the annual trend was the overwhelmingly influential factor in the analysis
of deviance, accounting for over 80 percent of the deviance ascribed to annual effects
(Table III.22). It is surprising that neither the linear annual trend nor the monthly
component were significant; net increase in CPUE was superficial and seasonality was
not clearly defined (Figure III.31B).

From 1972 to 1980, first-time spawners showed a fluctuating but generally linear
increasing trend (Figure II1.33). The quadratic component was not significant and the
linear component explained most of the deviance ascribed to annual effects (Table
II1.23). Monthly effects were also significant.

First-time spawners, CF data

Trawl: A decrease in abundance since 1982 was visually apparent for both the spring and
fall cohorts in the plot of CPUE (Figure III.36B). The analyses of deviance (Tables
II1.24, III.25) showed the linear annual trend was significant for both seasons but
stronger for the spring catch (Figure II1.36B, solid bars; Table III.24). There was close
correspondence between the mean annual CPUE and the values predicted by the linear
model (Figure III.36A). The fall season showed an additional quadratic component
(Table II1.25), the result of low fall catches in 1982-1983 followed by higher catches in
1984-1985 (Figure II1.36B, hatchured bars).

Spatial distribution, CF data

High catch rates for young of the year occurred throughout the Galveston Estuary system
with the exception of Upper Galveston Bay and the northern shore of Trinity Bay, where
seagrass beds are scarce (Figure II1.40; Pulich and White 1989). White shrimp caught
by trawl occurred most densely in the low-salinity parts of the estuary, in Upper
Galveston, Trinity, and East Bays, and were less dense in Lower Galveston and West
Bays with the exceptions of Bastrop and Chocolate Bays (Figures I11.41, II1.42, III.43).
The highest catches of first-time spawners during April-May were in East Bay (Figure
II1.42), while the longer fall season showed a broader distribution (Figure III.43).
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Table III.18. Analysis of deviance for white shrimp, all size
classes, caught by trawl, June to November, 1963-1968. TPWD/NMFS

data.

Source of Variation D.F. Deviance M.D. F P
Month 5 74.23 14.85 7.11 <0.001
YEAR
Linear 1 14.31 14.31 6.85 0.01
Quadratic 1 16.43 16.43 7.86 <0.01
Other 3 12.55 4.18 2.00 >0.10
Month x Year 25 76.96 3.08 1.47 0.10
Corrected Error 156 326.28 2.09

Table III.19. Analysis of deviance for white shrimp, all size
classes, caught by trawl, June to November, 1972-1980. TPWD/NMFS
data.

Source of Variation D.F. Deviance M.D. F P
Month 5 188.72 37.74 29.26 <0.001
Year
Linear 1 149.19 149.19 115.65 <0.001
Quadratic 1; 20.69 20.69 16.04 <0.001
Other 6 35.19 5.:87 4.55 <0.001
Month x Year 39 142.78 3.66 2.84 <0.001
Corrected Error 336 432.26 1.29
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Table III.20. Analysis of deviance for young-of-the-year white
shrimp (35-55 mm) caught by bag seine, June-December, 1977-1990.

CF data.
Source of Variation D.F. Deviance M.D. F P
Month 6 142.40 23.73 15.52 <0.001
YEAR
Linear 1 0.65 0.65 0.43 >0.50
Quadratic 1 0.08 0.08 0.05 >0.75
Other 11 147.30 13.39 8.76 <0.001
Month x Year 73 390.20 5.34 3.50 <0.001
Corrected error 772 1180.30 1.53

Table III.21. Analysis of deviance for juvenile

white shrimp (80-

100 mm) caught by trawl, July-April, 1982-1990. CF data.
Source of Variation D.F. Deviance M.D. F P
Month 9 415.30 46.14 47.92 <0.001
YEAR

Linear 1 137.70 137.70 143.01 <0.001

Quadratic 1 0.66 0.66 0.71 >0.50

Other 5 76.00 15.20 15.79 <0.001
Month x Year 63 375.60 5.96 6.19 <0.001
Corrected error 1444 1390.40 0.96
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Table III.22. Analysis of deviance for first-time spawning white
shrimp (110-130 mm) caught by trawl, August to November, 1963-
1968. TPWD/NMFS data.

Source of Variation D.F. Deviance M.D. F P
Month 3 14.61 4.87 2.24 >0.05
'YEAR
Linear 1 0.33 0.33 0.15 >0.50
Quadratic 1 47.91 47.91 22.04 <0.001
Other 3 11.44 3.81 1.75 >0.10
Month x Year 15 79.99 5.33 2.45 <0.01
Corrected Error 96 208.74 2.17

Table III.23. Analysis of deviance for first-time spawning white
shrimp (110-130 mm) caught by trawl, August to November, 1972~
1980. TPWD/NMFS data.

Source of Variation D.F. Deviance M.D. F P
Month 3 6.81 2.27 1.65 >0.10
YEAR
Linear a | 10.13 10.13 7.36 <0.01
Quadratic 1 0.00 0.00 0.00 >0.75
Other 6 28.91 4.82 3.50 <0.005
Month x Year 23 69.61 3.03 2.20 <0.001
Corrected Error 197 271.01 1.38
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Table III.24. Analysis of deviance for first-time spawning white
shrimp (110-130 mm) caught by trawl, April-May, 1982-1990. CF
data.

Source of Variation D.F. Deviance M.D. F P
Month 1 10.37 10.37 11.82 <0.001
YEAR
Linear 1 109.61 109.61 124.91 <0.001
Quadratic 1 0.003 0.003 0.003 >0.75
Other 6 21.79 3.63 4.14 <0.001
Month x Year 8 28.37 359 4.09 <0.001
Corrected error 342 300.08 0.88

Table III.25. Analysis of deviance for first-time spawning white
shrimp (110-130 mm) caught by trawl, August-November, 1982-1990.
CF data.

Source of Variation D.F. Deviance M.D. F P
Month 3 40.62 13.54 14.52 <0.001
YEAR
Linear 1 100.00 100.00 107.23 <0.001
Quadratic 1 32.74 32.74 35.10 <0.001
Other 6 37.22 6.20 6.65 <0.001
Month x Year 24 210.58 5.02 5.39 <0.001
Corrected error 685 638.82 0,93
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Figure I11.40. Distribution of young-of-the-year white shrimp (35-55 mm) caught by bag seine, June-December,
1977-1989. Circle size is proportional to mean CPUE.
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Figure I11.41. Distribution of juvenile white shrimp (80-100 mm) caught by trawl, July-April, 1982-1990. Circle
size is proportional to mean CPUE.
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Figure II1.42. Distribution of first-time spawning white shrimp (110-130 mm) caught by trawl, April-May, 1982-
1990. Circle size is proportional to mean CPUE.
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Figure I11.43. Distribution of first-time spawning white shrimp (110-130 mm) caught by trawl, August-November,
1982-1990. Circle size is proportional to mean CPUE.



Discussion

Correlations calculated for CF trawl data alone (using PROC CORR in SAS) showed a
strong correlation (Pearson’s r=0.93, p<0.001) between the mean annual catch of
juveniles in the fall months (July-December) and the spring catch of first-time spawners
(April-May) the following year, the groups showing the most extremely negative linear
trends. In contrast, the spring CPUE for juveniles or first-time spawners does not
correlate robustly with fall catches, indicating turnover in the population between
seasons, probably associated with spawning migration during the warm months (Cody
et al. 1989). The decrease in CPUE was detectable from spring to fall within a single
year. The relatively high fall catches of adult white shrimp in 1985-1986 possibly can
be correlated with the large recruitment of juveniles reported for bag seine samples and
for juveniles in trawl samples in 1983-1985.

First-time spawning white shrimp appeared to reach a peak approximately in 1980 and
to have decreased dramatically in recent years (Figures II1.31, II1.33, II1.37). In 1963,
CPUE for first-time spawners was near four shrimp per catch (Figure III.31). CPUE
decreased to a minimum of about one in 1965, followed by an increase from 1965
through 1968, back to over four shrimp per catch. There are no data for 1969 through
1971, but when the series resumed in 1972, CPUE had decreased to two shrimp per
catch. In subsequent years CPUE fluctuated considerably but there was a general
increase, achieving a maximum of over eight shrimp per 5-minute trawl in 1980, despite
relatively low catches in the two previous years (Figure II1.33). Another break in the
series occurred and 1981 is not represented. In addition there was a change in
methodology: from fixed stations to randomized selection of location, from 5-minute
tows to 10- or 15-minute tows, and to a larger trawl net. CPUE for 1982-1990 is
therefore not strictly analogous to that for earlier years, but four shrimp per 10-minute
trawl is roughly comparable to one or two shrimp per 5-minute trawl. During the period
represented by CF data (1982-1990) a marked decrease occurred in the fall catch of first-
time spawners, reaching a minimum of less than one shrimp per 10-minute trawl in 1990
(Figure II1.37).

The decrease in white shrimp CPUE in the CF trawl data was related to an increase in
zero catches through time (Figures I11.44B, III.45A and B), as well as smaller numbers
per catch. The proportion of zero catches for juvenile white shrimp increased from 38.5
percent for the 1982-1983 study year to 66.3 percent for 1989-90 (Figure II1.44B). An
analysis modelling the probability of catching no juvenile white shrimp in proportion to
the probability of non-zero catches revealed a strong linear annual trend (p<0.001)
explaining most of the total deviance; CPUE data exclusive of zero catches similarly
showed a linear annual trend (p<0.001) with no additional quadratic component.

First-time spawners decreased more rapidty. For 110-130 mm white shrimp in the fall
months, zero catches increased from 25.3 percent in 1982 to 82.5 percent in 1990
(Figure II1.45B). The trend of zero catches was strongly linear (p <0.001) with a small
but significant quadratic component (0.01 <p<0.025); in contrast, non-zero CPUE
revealed a quadratic trend with marginally significant linear annual effects. During the
spring season zero catches increased linearly (p <0.001) from 20 percent in 1982 to 80
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(solid line), percentage zero catches (dashed line), and predicted values for young-of-
the-year white shrimp (35-55 mm) caught by bag seine. B. Mean seasonal (July-April)
CPUE exclusive of zero catches (solid line), percentage zero catches (dashed line), and
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Figure II1.45. A. Mean seasonal (April-May) CPUE exclusive of zero catches (solid
line), percentage zero catches (dashed line), and predicted values for first-time spawning
white shrimp (110-130 mm) caught by trawl. B. Mean seasonal (August-November)
CPUE exclusive of zero catches (solid line), percentage zero catches (dashed line), and
predicted values for first-time spawning white shrimp (110-130 mm) caught by trawl.
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percent in 1990 (Figure II1.45A). The trend in non-zero CPUE was similarly linear
(p<0.001) with no significant additional quadratic component.

Bag seine data, in contrast, showed no significant annual trend for 1977-1990 (Figure
II1.30A), and no trend in the probability of zero catches or non-zero CPUE (Figure
II1.44A). When bag seine data were confined to the same years represented by trawl
data, 1982 through 1990, all terms were significant in the analysis of deviance. The
quadratic term, influenced by high catch rates in 1982 and 1990, explained most of the
deviance (p<0.001); a linear trend was significant but less strong than other effects
(0.025<p<0.05).

From the lack of a strong linear trend in the bag seine data it can be inferred that
different factors act upon the immediate shoreline environments than the open bay, or
upon different size groups. Overharvesting and/or the increase in shrimping effort in
recent years (Nance et al. 1989; Klima et al. 1990) are the most obvious probable causes
of the differential decline.

Atlantic Croaker (Micropogonias undulatus)

Juvenile Atlantic croaker caught by bag seine decreased slightly in abundance while
mature croaker in both trawl and gill net catches increased. Young of the year (30-50
mm) increased in abundance from 1977 to 1983, then decreased through 1989 (Figure
II1.46). Croaker near the age to spawn for the first time (115-135 mm) caught by trawl
showed a linear increase from 1983 through 1990 (Figure II1.47). Mature croaker (230-

275 mm) recovered by gill net also increased linearly from 1975 through 1989 (Figure
I11.48).

Season and size selection

Atlantic croaker showed a consistent seasonal pattern. Fish 20 mm or smaller appeared
in bag seine samples as early as October and were continually recruited throughout the
winter until spring (Figure II1.49), corresponding to the prolonged fall-winter spawning
season (Jackson 1976). Growth rates can be in excess of 12 mm/month (Parker 1971)
and a 20-mm size range was chosen in order to minimize double sampling of a cohort.
Thirty to 50 mm was selected<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>