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ABSTRACT

The Texas Parks and Wildlife Department collected 34 samples along
the central Texas coast during June and July 1982 as part of the Southeast
Area Monitoring and Assessment Program (SEAMAP). An analysis was conducted
on 24 of these samples with catches >25/tow to determine the optimum
number of penaeid shrimp to measure to determine differences in mean length
with a known precision. Sample mean lengths ranged from 96 to 134 mm total
length and coefficients of variation ranged from 8.3 to 22.3%. There
were significant differences among the sample mean lengths (F_ = 167.38;
P <0.001). There were no significant correlations between sample

mean lengths and variances, or numbers caught and variances (P >0.05).

Sample sizes required to detect a 10% difference among means
ranged from 24 to 52 with a CV of 12% and 75 to 140 measurements for a
CV of 23.3%. These analyses should help define the variability associated
with the 1982 SEAMAP shrimp data and suggests that measuring 50 shrimp
should be adequate to determine the mean length of Penaeus aztecus in
a sample off Texas during June-July.




INTRODUCTION

Size measurements are essential for estimating growth, one of the
basic elements for understanding the population dynamics of a species.
Most literature on sampling design focuses on the reduction of bias and
variance in the sampling program (Gulland 1966; Cochran 1977; Green 1979).
Very little literature beyond statistical textbooks focuses on the optimization

of sampling. Kimura (1984) noted that appropriate sampling levels are
often left to logistical and budgetary contraints which can lead to either
inadequate or excessive sampling. Some recent literature has addressed

the problem of combining sampling efficiency and economic efficiency

into a decision-making model that can be used to minimize, or at least
define, the precision of the estimates at a given sample size

(Thornton et al. 1982; Kimura 1984).

For the past two years the Texas Parks and Wildlife Department has
participated in the Southeast Area Monitoring and Assessment Program
(SEAMAP) which provides comprehensive biological and environmental data
from the Gulf of Mexico. One important part of the program is the collection
of trawl data on the abundance and size of penaeid shrimp during the Texas
Closure--a closed season for gulf shrimping of at least 45 days during
June and July established by the Gulf of Mexico Fishery Management Council
to complement the traditional closure of Texas waters. The purpose of
the closure is to increase the yield of shrimp and to eliminate waste
by discard of undersized brown shrimp (Penaeus aztecus) in the Fishery
Conservation Zone (FCZ) off Texas (Center for Wetland Resources 1980).

A major goal of the SEAMAP program was to standardize the sampling
gear and techniques used by agencies conducting research in the northern
Gulf of Mexico. Workshops were held and operations manuals prepared to
help standardize data collected in the program (Watson 1984).

During 1982 the Texas Parks and Wildlife Department (TPWD) and the
National Marine Fisheries Service (NMFS) collected 34 samples along the
central Texas coast during the SEAMAP program. In order to maximize the
sampling efficiency and possibly to reduce the workload by not having
to measure excessive numbers of shrimp, an analysis was conducted to
determine the optimum number of penaeid shrimp to measure from the trawl
samples to determine differences in mean length with a known precision.

MATERIALS AND METHODS

Data used in these analyses were collected during SEAMAP sampling
of f the coast of Texas between 23 June and 12 July, 1982 (Matthews 1982).
Stations were chosen at random by NMFS at depths ranging from 9-48 m.
Each sample consisted of the catch from a 40-foot semiballoon shrimp
trawl towed 15-30 minutes.

At each station, all Penaeus shrimps were culled from the total catch
and weighed. Penaeids were sorted by species and total lengths from the



tip of the rostrum to the tip of the telson were measured in millimeters.
Only P. aztecus were used in the report to simplify the analyses. Total
numbers caught ranged from 2 to 2307 and the number of P. aztecus measured
in each sample ranged from 2 to 396. Samples with less than 25 shrimp

were eliminated from the analyses to minimize the effect of extremely
small sample sizes on the overall variation.

Sample mean lengths and variances were calculated for untransformed
length data according to standard procedures (Sokal and Rohlf 1981;
Snedecor and Cochran 1980). A single classification analysis of
variance (ANOVA) was done using each sample as a group. The correlations
between mean length and variance and sample size and variance were
tested to see if variability increased with mean length or sample
sizes. Sensitivity curves which estimated the number of measurements
required to detect a given difference between two means within specified
confidence limits were calculated using the formula (from Sokal and Rohlf
1981):

where n = number of replications
o = true standard deviation
§ = the smallest true difference that it is desired

to detect. (Note: it is necessary to know only
the ratio of ¢ to § , not their actual values)

v = degrees of freedom of the sample standard deviation
, 14 .
% Mswithin) with a groups and n replications
per group
o = significance level (such as 0.05)
P = desired probability that a difference will be found

to be significant (if it is as small as § ). This
is the intended power of the test.

t and t = values from a two tailed

a(v) 2(1=7) (V) t-table with v degrees of
freedom and corresponding
to probabilities of o and
2(1 - P), respectively.

Note: if P = % then tl = 0.

The coefficient of variation (CV) used in the formula was calculated
by using

CV =/ variance x 100%.

mean



RESULTS

Of 34 stations sampled during the 1982 SEAMAP program, 24 samples
had > 25 P. aztecus. Mean lengths, variances and coefficients of variation
for these samples were calculated (Table 1). Mean lengths ranged from
96 to 134 mm and coefficients of variation ranged from 8.3 to 22.3%.

There were significant differences among the sample (group) mean
lengths (Table 2; FS = 167.38; P < 0.001). The correlation between
mean lengths and variances was not significant (r = 0.09; P > 0.05).
The correlation between the numbers caught and variances was not
significant (r = -0.48; P > 0.05). Since there were no significant correlations,
the within mean square was selected as the best estimate of the variance
for all groups (samples). This variance and the unweighted mean of all
samples (112 mm) results in a CV of 11.55%.

Sample size determinations were made using a CV of 12% (11.55% rounded
upward) and 22.3% (a worst case - highest CV encountered in a sample).
The sample size determinations were also made using the 0.01 and 0.05
levels of significance and the 0.95 and 0.80 probabilities of being detected
(Table 3).

Sample sizes required to detect a 10% difference in means ranged
from 24 to 52 with a CV of 12% (Figure 2). A CV of 22.3% required
sample sizes of 75 to 140 measurements to achieve the same level
of precision (Figure 3).

DISCUSSION

With increasing demands on limited living marine resources, resource
agencies are often called upon to accomplish more without additional
equipment, manpower or money. Under these conditions, it is imperative
that monitoring programs be designed to obtain the greatest amount of
reliable data for the least effort and cost (Hegen et al. 1983). In order
to do this properly, programs need to be continually evaluated and refined
as the accumulation of data permits.

This analysis of the 1982 SEAMAP shrimp data indicates rather low
variation in the lengths of P. aztecus in individual samples. Much more
of the overall variation in the shrimp data came from the differences
among samples, which is the situation often found in trawl data and
fishery landings data (Gulland 1966).

In a program like SEAMAP, several different agencies are working
toward a common goal and, at the same time, trying to maintain their
respective programs. The Texas Parks and Wildlife Department has
traditionally used sample sizes of 50 to estimate the mean length of each
penaeid shrimp species in trawl samples. SEAMAP sampling required measurements
to be taken on at least 200 shrimp of each species from each trawl
sample. The sensitivity curves developed in this report point out the
extra effort required to increase the precision of the data. Quadrupling



the effort reduces the detectable percent difference between means by
only one half. At a conservative level of significance (P < 0.01), a
sample size of n = 50 could detect a 10% difference in means 95% of the
time, while n = 200 should detect a 5% difference in means.

Good expefimental design should minimize uncertainty of estimates

made with data, while keeping costs to a minimum. Even in the best
designed programs the practical situation often limits the size of

the sample (Gulland 1966; Hegen et al. 1983). While a loss of

precision may not be desirable, analyses that help define the uncertainty
associated with the data can be useful in comparing and discussing

the data (Thornton et al. 1982).

The analyses in this report should help define the variability
associated with the 1982 SEAMAP shrimp data and can help in the design
of future sampling programs. The data indicated that measuring 50
shrimp of each species from a sample should be adequate to determine
the mean length of penaeid shrimp in a sample off Texas during the
SEAMAP time period (June-July).
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Table 1. Sample statistics for P. aztecus collected by Texas Parks and
Wildlife during 1982 Southeast Area Monitoring and Assessment Program (SEAMAP)
sampling off the central Texas coast.

Mean Coefficient
length Standard of
Station (mm) Variance error Number variation (%)
T 84 134 369 2.10 84 14.4
T 83 99 249 1.31 144 15.9
T 81 96 216 1.07 190 15.3
T 79 108 581 2.88 70 22.3
T 78 123 460 1.81 141 17.4
T 77 100 258 1.17 190 16.0
T 74 112 246 1.11 201 14.1
T 72 123 118 1.32 68 8.8
T 71 124 142 0.84 199 9.6
T 69 118 121 1.02 116 9.3
T 68 118 144 0.85 200 10.2
T 67 125 130 0.83 189 9.1
T 66 122 101 0.72 197 8.3
T 65 122 141 0.84 202 9.7
T 63 110 138 0.63 354 10.7
T 61 101 158 0.63 396 12.5
T 60 108 112 0.53 394 9.7
T 55 109 97 0.51 376 9.0
T 30 108 143 1.04 131 11.0
T 29 108 170 1.41 86 12.0
T 27 110 209 1.04 193 13.2
T 19 96 114 0.55 379 11.1
T 09 110 158 0.69 328 11.4
T 08 101 120 0.60 333 10.8
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Table 2. Single classification analysis of variance testing the
equality of mean total lengths among trawl samples of Penaeus aztecus
collected off the central Texas coast by Texas Parks and Wildlife
Department during 1982 Southeast Area Monitoring and Assessment
Program (SEAMAP) sampling.

Source of Variation df SS MS Fs
Among samples 23 445906.29 19387.23 115.83 ***
Within samples 5137 859834.71 167.38

Total 5160 1305741.00

*%% P 0.001
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Figure 1. Trawl stations off the Texas coast sampled by Southeast Area
Monitoring and Assessment Program (SEAMAP) vessels during June-July

1982.

(X =

samples used in this report).



Figure 2. Number of Penaeus aztecus measurements required to detect
X % difference between trawl means at each precision level using a
Ccv = 12%.
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Figure 3. Number of Penaeus aztecus measurements required to detect
X % difference between trawl means at each precision level using a
Cv = 22.3%.
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