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SUMMARY

Catch and effort data from the U.S. swordfish fishery are examined from
1981 to 1987. Standardized size~specific indices are developed using Gen-
eral Linear Modeling (GLM) procedures. Changes in gear and operating prac-—
tices are considered and incorporated into the model along with year, area,
quarter, and area-quarter interaction terms. Indices of abundance are de-
veloped for the four weight categories used by the commercial industry: 1
to 25 pounds dressed weight, 26 to 49 pounds, 50 to 99 pounds, and 100
pounds or more. Indices are also developed for size categories which relate
to the lengths at which 50 percent and 100 percent of males and females
mature. These categories include swordfish less than 110 cm LJFL, from 110
to 169 com LJFL, from 170 to 234 cm LJFL, and those greater than 235 cm
LJFL.

RESUME

Les données de capture et d'effort de la p&cherie américaine d'espadon
sont examindes pour les anndes 1981 i 1987. Des indices standardilsés
spécifiques de la taille sont &labords selon la mdthode du moddle linéraire
général. Les modifications des engins et des méthodes de péche ont &ré
prises en compte et incorpordes au moddle, alnsi que les facteurs d'in~
teractlon année, zone, trimestre et zone—trimestre. Des indices d'abon—
dance sont &labor&s pour les quatre catégories de polds utilisdes par
1'industrie commerciale: 1 i 25 livres de polds manipulé&, 26 3 49 livres,
50 & 99 livres, et 100 livres et plus. Des indices sont &galement &laborés
pour les catégories de taille qui concernent la taille 3 laquelle 50 ¥ et
100 % des miles et des femelles sont matures. Ces catégories comprennent

1'espadon de moins de 110 cm de longueur maxillaire-fourche, ceux de 110 3

169 cm, ceux de 170 & 234 cm, et ceux de plus de 235 cm.
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RESUMEN

Se examinan los datos de captura y esfuerzo de la pesqueria norteameri-
cana de pez espada del periodo 1981 a 1987. Se desarrollan indices egpeci-
ficos de talla estandarizados, por medio del Modelo Lineal Generalizado. Se
examinan los cambios en los artes y en las operaciones y se incorporan al
modelo junto con el afio, zona, trimestre, asi como las interacclones
zona-trimestre. Se desarrollan indices de abundancia para las cuatro cate-
gorias de peso empleadas por la industria: 1 a 25 libras de peso evisce-
rado, 26 a 49 libras, 50 a 99 libras y 100 libras o mis. También se de-
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talla a la cual madura el 50% por ciento de machos y hembras. Estas cate-
gorias incluyen pez espada de menos de 110 cm de longitud mandibula infe-

rior-longitud horquilla (MILH), de 110 a 169 cm MILH, de 170 a 234 cm MILH
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INTRODUCTICHN

Catch per unit effort (CPUE) indices, derived frpm catch and
effort data from commercial or research fisheries, have been used
to investigate abundance trends. The basic assumptlon is that
CPUE is related to abundance (Richards and Schnute 1986).
Robson's (1966) analysis of variance or least squares regression
procedure for estimation fishing power is now the standard method
for exploring abundance trends (Conser 1985, Kimura 1981, SEFC
1984). In practice, this generalized llnear modelling technlque
is first used to estimate parameter coefficients for data
characteristics which influence CPUE and can be described in the
available data (month, area, vessel, etc.). Estimates of
standardized annual CPUE's are then calculated. These results
can yield insight as to trends in relative abundance through time
but they do not provide absolute abundance estimates (SEFC 1984).
In current application, these abundance indices are
quantltatlvely compared with estimates of populatlon abundance
derived from Virtual Population Analysis (VPA's) to select the
most likely among many alternatives. The basic assumption is
that abundance estimates developed from the catch matrix
represent the most comprehensive summarization of age specific
abundance trends, and that an abundance index (CPUE) with
reasonable variance should correlate well with VPA stock size
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estimates. This application is generally more robust if sources
of variability in the CPUE index resulting from changes in age-

class strength or age specific catchability can be minimized.
Therefore attention has been directed at developing age (size)
specific abundance indices rather than indices based on the total
numbers of all sizes of fish caught in a single fishing
operation. ’

Catch per unit effort information from the U.S. swordfish
fishery has been summarized through 1886 (Hoey and Bertolino
1988, Hoey and Casey 1988). Recent reports on standardized
abundance indices for swordfish either provided indices for all
sizes of swordfish caught on single sets (Hoey 1986, Farber 1986)
or provided size-specific indices from trips of varlable duration
without standardizing for trip length {(Parrack 1286). Of the
indices available at the 1986 Swordfish Assessment Workshop in
Miami, Florida (SEFC 1987), the size specific catch per trip
correlated most closely with the tuned VPA populatlon estimates.
The catch per trip index was recognized as preliminary because
the trips were not standardized for duration.

The purpeose of this analys;s is to develop size specific
CPUE trends that will be useful in VPA tuning procedures. The
effects of gear and operational factors on the U.S. CPUE are
examined.
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Trip records with information on the number of hpoks fished
and sets made during the trip are available for a subset of the
U.S. size-frequency data base (Hoey and Bertolino 1988). The
size-freqguency data base records individual weights of swordfish
landed primarily by pelagic longliners between 1978 and 1985, and
individual weights of all species landed by these vessels in 1986
and 1987. Effort data was either voluntarily submitted by
captains, collected through interviews by NMFS port samplers, or
developed by cross referencing logbooks with tally sheets that
record individual weights. Each record includes vessel
identification, date, number and weight for each swordfish weight
category, total number and weight of swordfish landed, total
number of tuna landed, gear, offloading, and fishing area and
effort. Swordfish weight categories are as follows: Category 1 -
fish 1 to 25 pounds dressed weight, Category 2 - 26 to 49
pounds, Category 3 -~ 50 to 99 pounds, and Category 4 - 100 pounds
or more. Samples of the sex composition of the catch are not
generally available because the fish are dressed after haulback
and at sea sampling has been limited.

A second set of analyses were run on size classes based on
lengths. Estimates of the proportions of mature males and
females at different lengths were developed from gonads sampled
off the coast of Florida between 1977 and 1980 (Ron Taylor,
personal communication). Males started maturing at 80 em LJFL,
50% were mature at 113 cm and 100% were mature at 165 cm.
Females started maturing at 160 cm, 50% were mature at 171 cm and
100% were mature at 235 cm. To examine changes over time with
respect to size categories that relate to these maturity values
we established the following IJFL categories: fish less than 110
cm, fish from 110 cm to 169 cm, fish from 170 cm to 234 cm, and
fish 23% cm or more.

Nominal CPUE values (for weight or length groups) were
calculated by dividing the numbers caught in each size group by
the number of hooks fished on a trip and multiplying by 1,000.
The CPUE units are numbers per 1,000 hooks. Tuna trips which
recorded swordfish at offloading are included. Seven
geographical areas are referenced: 1) Caribbean Sea = CAR, 2)
Gulf of Mexico = GOM, 3) Florida East Coast - FEC, 4) South
Atlantic Bight - SAB {(off Georgia and Scuth Careclina), 5) Mid-
Atlantic Bight - MAB (Morth Carolina %¢o New York), 6) New England
= NEC (Rhode Island te Maine), and 7) Grand Banks = NED (Figure
1),

PODEL DEVELOPMENT

In previous work on swordfish CPUE's from the U.S. data
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base, year, area, month, and month-area interaction terms were
significant. 1In the size-specific catch-per-trip analysis
(Parrack 198€¢), problems were encountered in many month-area
combinations because of small samples or empty cells.. In this
analysis quarter of the year is substituted for month-as a
seasonal variable (Quarter 1 - January-March, Quarter 2 - Aprll—
June, etc.).

Gear modifications and changes in fishing practices by U.S.
vessels may have led to changes in the effectiveness of fishing
effort. Significant changes have occurred in the U.S. longline
fishery between 1978 and 1987 in the material used for gear
constructlon, in the rigging and dimensions of the different
components, in the bait and use of chemical light sticks, and
more recently in operational procedures relating to targetting
tunas (Berkeley, Irby, and Jolley 1981, Hoey and Bertolino 1988).
Unfortunately, detailed trip-specific information on gear
characteristics is extremely limited, so that changes in
effectiveness cannot be addressed directly. 1In this analysis, we
have restricted the observations to include only trips from 1981
toc 1987, because the most dramatic gear changes occurred before
that period. Smaller changes in effectiveness probably occurred
during 1981-1987 when increasing lengths of gear were set, and
the number of hocks per mile was decreased. We have attempted to
address this change by defining a set size variable which is the
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average number of hooks used on a set for a specific trip (total

hooks fished on a trip / total number of sets on a trip). Set
size intervals of less than 100 hooks per set (set size 1), 100
to 299 (set size 2}, 300 to 459 (set size 3), 500 to 899 (set
size 4), and greater than 900 hooks/set (set size 5), were used
as main effects.

To address the evolu ution and diversification of the
swordfish fishery intc yellowfin, bigeve, and mixed species
fisheries we have developed & percentage swordfish variable which
is used as a main effect after the values are aggregated into
intervals of 1% toc %%, 10% to 19%, ...,90% to 99%, and 100%.
Preliminary runs utiliized main effects of year, area, cuarter,
set size, and percent swordfish with area- qua*ter interaction
terms. These runs provided background information on size
specific trends, the proportion of variability explained by the
model, and rezidual patterns. ’

Initially there were 228 vessels in the data base and they
accounted for 1,845 trip records. Forty two vessels were
represented by observations in 3 or more years and fifty five
vessels were represented in 2 years. The majority of the vessels
(57%) were represented by observation in only one year, and many
were represented by small numbers of observations (less than 5)
in 1986 or 1%87. ‘It was thought that the inclusion of vessels
for which little data was available might bias CPUE trends and
increase the variability considerably. Therefore the data was
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restricted to vessels represented in 2 or more years. The 97
selected vessels (43%) accounted for 1,408 trip observations
(76%). The number of trips and mean nominal CPUE's by area and
year for the vessel subsample are provided in Table 1. The 97
vessels were then grouped into 7 operation categories”based
primarily on gear, port, and operatlonal information, and
secondarily on the vessels history in the fishery and corporate
affiliation. We believe this grouping partly defines vessels
which may fish together or may fish in similar ways. The
operations are characterized as follows: operation 1 -
traditional northeast, operation 2 - new distant water, operatlon
3 - intermittent Gulf, operation 4 - Mid-Atlantic mixed species,
operation 5 - new coastal vessels, FL-NY, operation 6 - New
coastal southeast, and operation 7 - new Gulf of Mexico.

. Analyses were run for each weight category on the subsample
of trips with models that included terms for year, area, quarter,
set size, percent swordfish, operation type, and area-quarter and
operation-area interaction terms. The specific operation-area
interaction terms which were included were determined after
examining the numbers of observations of a particular operation
in each area. Operation-area interaction terms were only
specified for those operations which recorded similar numbers of
observations in several areas. Those operations which were

» e - - -— — +
rimarily restricted to a single area with only small numbers of
1 4 p 4

observations outside of that area were not considered for
operation-area interaction terms. In general, the pattern in the
annual index values for each weight category was similar to the
preliminary runs with slight increases in the proportion of
variability explained.

In CPUE analyses of this type, a decision must be made
regarding how observations of zero catches will be treated.
Generally, the decision is based on several factors including;
the total number of zero observations, whether the frequencies of
zero's have remained constant throughout the time series or have
changed significantly, the effect they have on the trends that
are detected, and finally whether the model reliably fits the
observations when the zero's are included. The zero observations
must be evaluated in terms of the information they add to the
model. The generalized linear modelling technigues currently
used assume that the factors effecting CPUE are multiplicative
and the CPUE data are log transformed before analysis. If zeros
are included, a small value must be added to all CPUE's before
log transformaticn. The choice of the value to add is subjective
but generally it should be an insignificant value with respect to
the mean or median CPUE.

In an effort to evaluate the importance of zero
observations, separate analytical runs were made for each of the
four weight categories utilizing models which included terms for
year, area, quarter, set size, percent swordfish, operation type,
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and area-guarter and operation-area interaction terms. Each run
represented a particular treatment of zeroc values; these were
excluding the zero values, adding 1.0, 0.1, or 0.01. The
patterns of the annual index values for the different-size
treatments were similar. The addition of 1.0 produced index
trends which are similar, in terms of the pattern (overall
decline or overall increase), r-sguare values, and mean sguare
error terms, to the runs in which the zeros were eliminated.
Residuals from the runs with 1.0 added to the zeros were, however
skewed and slightly peaked. The addition of 0.1 and 0.01 to the
CPUE's resulted in lower r-squared values, slightly skewed or
peaked residuals, and mean sguare error terms that were double or
triple the previous treatments. This indicates that when
attempting to use zeros in a log linear model, the variance
estimates (i.e. mean sguar error) are highly dependent upon the
somewhat arbitrary choice of the additive constant (i.e. 1.0,
0.1, 0.01, etc.). Sensitivity analyses of VPA calibrations
{Vaughn et al 19588) indicated that indices with mean sguare error
terms similar to those found when adding 0.1 and 0.01 to the
observed CPUE, had a low probability of correctly tuning VPA's.
Since the trends were similar in the different treatments and the
use of zero values did not improve the model, zero values were
eliminated from the final indices which are presented.

In the vessel subsample for all years, zero catch rates
represented approximately 15% of the observations in the 1 to 25
pound and 100 pound plus categories, 5% in the 26 to 49, and 7%
in the S0 to 99 pound categories. An examination of the
frequency distribution of CPUE's by category and year indicated
.that the frequency of zeros for the 1 to 25 pound and 26 to 49
pound decreased from 1982 to 1987. For the 50 to 99 pound
category the freguency of zeros remained stable at about 6% or
7% from 1983 through 1987. For the 100 pound plus category,
zeros accounted for 7% to 9% of the observations in 1981, 1983,
1984, and 1985 and then increased to about 20% in 1986 and 1987.
We partially attributed this increase in the 100 pound plus
category to a larger representation of tuna trips in 1986 and
1987 data. This is particularly reflected in the Gulf of Mexico
where 50% of the 1986 and 1987 trips produced no swordfish
greater than 100 pounds. Our sample from the Gulf is very
limited prior to 1986. The increased percentage of zeros in 1986~
1987 may be largely attributable to better sampling and the
changing nature of the fishery in the Gulf of Mexico. The
exclusion of the zero catch rates reduces the representation of
tuna trips in the analysis. The frequency distributions also
indicate that the increase in the frequency of zeros was
accompanied by a shift or skewing of the distributions toward the
lower values in recent years. Even though zeros were excluded
from the GLM, the increasing number of small positive values over
time were incorporated into the model.
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RESULTS

WEIGHT ANALYSES

In the weight category analyses, models include terms for 7
Years (1981-1987), 4 quarters, 7 areas, 5 set sizes, i1
categories of swordfish percentages, 7 operation types, and
quarter-area and operation-area interaction terms. In GLM
analyses, a strata {cell) must be defined as an index around
which other values can be standardized. In this analysis, the
standard cell is defined as 1984, quarter 3, area 5 (Mid-Atlantic
Bight), set size 4 (500-899 hooks/set), percentage category 9 (80
to 89%), and operation type & (new coastal vessels FL-NY). 1In
each of the size specific analyses different interaction terms
were eliminated because observations were not recorded in those
cells. Table 2 lists the number of cbservations, number of
terms, R square, mean square error, and F statistic for each
weight analysis. The GIM model terms and their estimated
coefficients and 90% confidence intervals are provided in the
Appendix for each analysis.

100 POUND PLUS (DWT) Index

The analysis of catch rates for swordfish 100 pounds dressed
weight or more evaluated 1,196 observations. The regression
included 56 parameters and explained 52.9% of the variation.
Estimated yearly index values and 90% confidence intervals are
presented in Figure 2 with a histogram of the standardized
residuals. In general, R squared values (% variation explained)
and the residual patterns provide information on the reliability
and/ocr accuracy of the model. 1In this case, the residuals are
acceptable because they do not indicate significant kurtosis or
skew and are similar to a normal distribution. The proportion of
variance explained (R2=,529) is reasonable for an analysis of
this type on longline data for pelagic spacies. The annual index
values declined by approximately 33% between 1981 and 1982 (8.5
and 6.6) and then dropped an additional 50% in 1983 (3.3).
Between 1983 and 1985, the values declined at first (3.3 to 2.7)
and then increased slightly in 1985 (2.9). After 1985 the index
declined in both 1986 {2.0) and in 1987 (1.8), indicating an
overall decline from 1981 %o 1987 of approximately 78%.

50 TO 99 POUND (DWT) Index

The analysis of catch rates for swordfish from 50 to 99
pounds dressed weight evaluated 1,310 observations. The
regression included 56 parameters and explained 49.9% of the
variation. Estimated yearly index values and 90% confidence
intervals are presented in Figure 3 with a histogram of the
standardized residuals. The annual index value declined 51% from
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19B1 (6.6) to 1883 (3.2). Between 1983 and 1985 the index
increased to 4.1 and then declined in 1986 to 3.4 where it
remained in 1987. The overall decline from 1981 to 1987 was
approximately 48%.

26 TO 49 POUND (DWT) Index

The analysis of catch rates for swordfish from 26 to 49
pounds dressed weight evaluated 1,338 cbservations. The
regression included 56 parameters and explained 54.8% of the
variation. Estimated yearly index values and 90% confidence
intervals are presented in Figure 4 with a histogram of the
standardized residuals. The annual index values remained between
3.2 and 3.4 between 1981 and 1985. These slight annual
differences are not significant because of overlaping confidence
intervals. The index then increased to 4.5 in 1986 and 1987
which was 34% greater than the 1981 value and 40% greater than
the 1982 value.

1 TO 25 POUND (DWT) Index

The analysis of catch rates for swordfish from 1 to 25
pounds dressed weight evaluated 1,199 observations. The
regression included 50 parameters and explained 53.0% of the
variation. In this analysis, operation-area interaction terms
did not significantly improve the model beyond the main level
effects of operation and area separately, so the interaction
terms were not included. Estimated yearly index values and 90%
confidence intervals are presented in Figure 5 with a histogram
of the standardized residuals. The annual index value increased
between 1981 and 1982 (1.3 to 1.9) then declined in 1983 (1.6)
and 1984 (1.4). The index increased in 1985 (1.8) and in 1986
(2.4) and then remained steady in 1987 (2.4). Overall the index
increased 79% from 1981 to 1987.

LENGTH ANALYSES

In the length class analyses, models include terms for 7
years (1981-1987), 4 guarters, 7 areas, 5 set sizes, -7 operation
types, and quarter-area and operation-area interaction terms.
The standard cell is defined as 1884, quarter 3, area 5 (Mid-
Atlantic Bight), set size 4 (500-899 hooks/set), and operation
type 5 (new coastal vessels, FL-NY). As in the previous
analyses, different interaction terms were eliminated because
observations were not recorded in those cells. Zero catch rates
were eliminated in all runs. Table 3 lists the number of
observations, number of terms, R square, mean sguare error, and F
statistic for each length group analysis. The GIL¥ model terms
and their estimated coefficients and 90% confidence intervals
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EATER THAN 234 O LIFL,

The analysis of catch rates for swordfish greater¥ than or
equal to 235 c¢m LIFL svaluated 507 observations. The regression
included terms for 46 parameters and explained 50.%% of the
variation. Estinated year@y index values and %0% confidence
intervals are presented in Figure 6 with a histogram of the
standardized residuals. The annual index value declines 65% from
1981 {1.20) to 1584 (.42). Between 1984 and 1987 {.41) the
annual index values fluctuated from .38 (1%86) to .49 (1985),
indicating an overall decline of approximately 66%.

170 TO 234 CW IJFL Index (Males Mature = 50-100% Females Hature)

The analysis of catch rates of swordfish greater than 16% cm
LJFL but liess than 235 cm LJFL evaluated 1,206 observations. The
. regression included terms for 46 parameters and explained 50.3%
of the variation. Estimated yearly index values and 90%
confidence intervals ars presented in Figure 7 with a histogram
of the standardized residuals. The annual index value declines
67% from 1%81 {5.%) to 1884 {(1.8). The index then increased
slightly between 1%84 and 1%865 {(2.0) before declining further in
i986 {1.3; and 1887 {1.2). The overall decline between 1381 and
1987 was 782%.

L

110 to 15% OM LJ¥L Index {»50% Males Mature «<50% Females Mature)
The analysls o7 catch rates of swordfish greater than 109 cm
LIFL but less than 170 om LIPL evaluabsd 1,386 observations. The
regresgion included terms for 46 parameters and explained 53.2%
of the varistion. Estimated yearly index values and 90%
confidence intervals are presented in Figure 8 with a histogram
of the standardized residuals. The annual index increased
bét%”%ﬁ 1581 {5.4% and 1982 (5.7}, it then declined in 1983 (4.4)
and resained low in 1584 {4.6). 7The index increased aftsr 1984
fguctua ing between 5.0 and 5.1 from 1%83 to 1987. The decline
between 1981 and 1987 was 5% and the decline fron 1982 to 1%87

was 10%.

The analysis of catch rates of swordfish less than 1310 om LJIFL
evaluated 1,045 observations. The regression included terms for
40 parameters and explained 4£7.0% of the variation. Estimated
yearly index wvalues and %03 confidence intervals are presented in
Figure 9 with 2 histogran of the standardizsd residuals. The



annual index increased betwesen 1981 (.8%) and 1982 (.99},
remained between .77 and .84 between 1283 and 1%85, and then
increased to its peak valusz in 1886 {1.02). Eetween 1986 and
1987 the index declined o a walue {.%1) just slightly lower than
the 1%82 indax.

DISCUSSION

In light of previcus work on indices of abundance for
swordfish and bluefin tuna, the indices developed in this repeort
explain a high percentage of the total variability of CPUE with
R-square values for the 4 weight class analyses ranging from .50
to .55 and for the 4 length classes ranging from .47 to .49.
Previous single set CPUE analyses on swordfish data accounted for
less than 30% of the variation (Hoey 1986), and the previous
catch per trip analysis (Parrack 1986) accounted for 30% to 413

of the variation. In all cases, the current residuals are
acceptable with no major departures from normality and the 90%
confidence intervals indicate that significant trends have been
detected. Estimates of the mean sguare error indicate that there
is a good probability that VPA's tuned to these indices of

abundance will be reliable.

The preliminary analvses used to develop the final models
indicated that year, area, quarter and area-guarter interaction

terms accounted for the majority of the overall variability that
was explained, and that gear, target species, and operation
information contributed a smaller pr@p@ftigne These ancillary
variables are important howsver, in terms of the accuracy of the
model and the trends detected, when they address known changes in
operation styie that have @ccurr@d during the time series.
Although additional work with these variables may prove
informative, the current use of set size, operation type, and
percent swordfish has significant increased the amount of
variability explained. Further refinement of these variables is
not likely to pz@ducg dramatically improved results. However,
the incorporation of data on temperature and water masses would
seem to offer the greatest potential improvement in this
approach,

The standardized abundance indices developed for the 4
weight and 4 length categories are comparable, however direct
comparisons are cgmpilcat@d by differences in size units. The
results for the first weight category {1 to 25 pound DWT index)
are similar to results from leﬁgth category 1 for catch rates of
swordfish less than 110 om LIFL (approximately 26 pounds DWT,
Turner 1%8&). mhe second len gbh category {(catch rates for
swordfish from 110 cm to 16% cm LIFL) encompasses a ye;ght range
of from a@p%@ﬁlmatley 26 p@unﬁg to 9% pounds DWT, which is
comparable to a combination of the second (26 to 49 pound) and
third (50 to 992 pound) weight categories. The stable trend from
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1981 to 1985 and subseguent increase in 1986 and 1987 for the 26
to 49 pound index, and the 19%81 to 1983 decline and stable trend
thereafter for the 50 to %5 pound index cancel each other. This
is reflected in the relatively stable trend of the 11D to 169 cm
LIFL index. The 100 pound plus weight index (Category 4) is
comparable to & combination of the 17¢ to 234 cm index (100 to
274 pounds), and the 235 cm LIFL plus index (greater than 275
pounds). The greater similarity between the 100 pound plus index
and the 170 to 234 cm LJFL index reflects the relatively small
contributicn, in terms of numbers of individuals, of swordfish
greater than 275 pounds dressed weight to the 100 pound plus
index. : :

The coefficients for the model terms in each analysis are
-listed in the appendix. The range of coefficient values
indicates the importance of standardizing catch rates when you
are attempting to investigate abundance trends. Coefficient

values provide a measure of relative fishing power. For main
level effects which form interaction terms (i.e., area, quarter,
‘and area-guarter), general patterns between terms need to be
compared. In the analysis of 1 to 25 and 26 to 49 pound catch
rates, no single term or group of terms is clearly dominant. For
the 50 to 99 and 100 pound plus catch rates, Caribbean and Grand
Banks area terms are larger than other coefficients in the
models. This may reflect the higher fishing power produced by
efforts to target those valuable size classes. Generally, the
relative importance of specific terms in each model agree with
gqualitative information from the fishery relating to area-time
distributions, and the effectiveness of different operation

types.
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Table 1.

NUMBER OF TRIPS

The number of trips and mean CPUE's (number per 1,000
hooks) by area and year for the vessel subsample of
effort data.

U.S.

AREA 1881 1982 1883 1984 1985 19886 1987 TOTAL

CAR 0 0 0 0 10 39 72 121

GOM 0] 0 6 4 28 32 41 111

FEC 26 29 27 77 64 101 230 554

SAB 3 10 17 5 4 17 30 g6

MAB ) 43 57 49 29 65 90 342

NEC 2 13 18 i8 12 15 26 104

NED 3 6 S 13 1% 18 22 90
TOTATL 43 101 134 166 166 287 511 1,408
MEAN CPUE's (Numbers per 1,000 hooks)

AREA 1881 1982 1983 1984 1985 1986 1987

CAR - - - - 34.5 51.2 35.7

GOM - - 46.1 50.6 21.3 12.8 8.3

FEC 39.6 40.1 27.3 26.4 24.1 32.0 30.5

SAB 110.2 54.0 54.2 42.7 56.9 57.1 71.1

MARB 64 .8 5l.4 32.1 24.7 35.2 29.4 20.6

NEC 13.6 32.1 18.4 28.0 31.3 26.5 20.1

NED 10.8 20.5 25.0 43.8 80.8 48.7 43,
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Table 2. The number of observatiens, number of terms, R square,
mean sguare erroy, and F statistic for each weight
category analysis.

WEIGHT  NUMBER OF NUMBER OF R MEAN SQUARE F
CLASS _ OBSERVATIONS __ TERMS _ SQUARE ERROR STATISTIC
170 25 1,199 50 .53 .76 26.5
26 TO 49 1,338 56 .55 .44 28.2
50 TO 99 1,310 56 .499 L2 22,7
100 + 1,196 56 .53 .47 23.3

Table 3. The number of observations, number of terms, R sguare,
mean sguare error, and F statistic for each length
category analysis.

LENGTH NUMBER CF NUMBER OF R HEAN SQUARE F
CLASS OBSERVATIONS TERMS SOUARE ERROR ETATISTIC
3110 cm 1,045 40 + &7 - 77 22.8
110-16% cm 1,386 486 .53 -2 33.8
170~-234 cm 1,206 46 .50 49 26.1
»234 Cm 507 40 .51 - 45 i0.¢6
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Figure 1. Geographlcal areas used 1n Lhe anaiysis or uU.s.
swordfisn catch and effort dats.
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Figure 2. Estimated yearly index of abundance and 90% confidence
intervals for swordfish 100 pounds dressed weight or
more, with a histogras of standardized residuals.
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Figure 3. Estimated yearly index of abundance and %0% confidence
intevals for swordfish from 50 to 9% pounds dressed
weight, with & histogram of standardized residuals.
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Figure 4.

FREOUECCY

Estimated yearly Iindex of abundance and 50% confidence
intervals for swordfish from 26 to 49 pounds dressed
weight, with & histogram of standardized residuals.
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Figure 5.

FREQUENCY

Ot

et

—

Estimated vearly index of abundance and 90% confidence
intervals for swordfish from 1 to 25 pounds dressed
weight, with & histogram of standardized residuals.
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Figure 6. Estimated yearly index of abundance and %0% confidence
intervals for swordfish greater than or egual to 235
em LIFL, with a histogram of standardized residuals.
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Figure 7.

FREQUENCY

Estimated yearly index of abundance and 50%
intervals for swordfish greater than 163 cm
less than 235 cm LJFL, with a histogram of
standardized residuzls.
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Figure 8. Estimated yearly

index of abundance and 90% confidence
intervals for swordfish greater than 103 cm but less
than 1706 c» LIFL, with # histogram of standardized

residuals.
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bundance and %0% confidence
ﬁhan 100 cm IJFL, with a

Figure 9. Estimated vyearly im
intervals for sword
histogram of St@ﬁadfu
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‘1. Parameter estimates and 90% confidence intervals for model
terms in the GIM analyses of catch rates of swordfish

100 pounds drsssed weight or more.
CODE ESTIMATE LOWER 90% OI UPPER 0% C1I

CONEST 2.7ER14

;1312? . S0244
YE1 8.30490C - 29440 11.491468

782 6£.58122
YEZ .31693
Y85 L9251T
Y86 . 95839
Y87 .B3857

= DBROA
- 57849
. 26189
- 56943
« 35748

1258
26652
78284
54460
21931

« g =

SRR N AT S A RS
U 00 R R G 00 e

Gi1 - 82833 - B3BOO « B50OB3
_ 22 « 22445 21570 = 9794
1 o4 - 29937 - S7424 22874
11 Al 13.0247%9 « 42994 30, F8T09
< A2 . 03824 . 287978 04826
3 A3 - 04280 ~S5741 67946

14 A4

5 A4 S

16 - A7 ' 1
17 551

- 77544

Ty e
27121

« 14846

= D229
- ATE9Z

- BOZOZ

795849 -
45047
99378

. 85572 - GO250 - 21825
ie 8G= -E5511 - 2H4457 - oo233

19 855= 29972 - 7B0EE - P1E2T

O SN A BN I O o B A R RO i i ST A BN B I s L N

SR I I ST A S I I 4 B

I '
S S Y S S o S R R S I

RTATATS
24487
ALOZ
ALD1L
SAOT
A701
o702

- 28991
_ﬂEZQS
« &BS

,”“QQH
.8?&5@

8 U R R BRI BRI ORI e

P LERS B b e 1 ) e

[
o
o

. 45486
LS50474
79641
. 72203

§ e
. L6I82

«2OZ07

7\‘:)C,nﬁ T

# ~.J~_'L.J
HOA2T
. SB440
01427

"

20 55 G.91181 0.62192 - H1584
2 A O. 77360 0. 454685 .

22 s 0.B5955 G.&ET785 1.2

23 s 1.48435 1.35744 2

24 %4 1.5%9121 1.19780 2.

25 PAS) 2. 1E58s 1.41554 2.

24 i 2. 01853 1. E5ETRS Z. 6492

27 v Z.1E7EE 1. 85750 2. 808886
28 AL 2. 28827 1.75&47 2.973228
=9 FARE 2.58218 2. 00748 E.321=

0 it 2.248772 3.75494% 2. B7E24
Zi OF1 1. 0387 0, SATED 1.977454
2 orz b 1. &ABG F. 14657

% Or= 2 1. 6556580 Sa 56242
4 Gr4 2.k z 2.05149 2. 54886
5 oRs 2.7E7EE 2.10182 Z.SAES2
b Or7 1.58357 1.13787 2.20%41
7 &iad $3.78093 . B2T78E9 1.467435
3B oiaz 1.74054 Q. PEFOL Fe EZ0OT7L
z2 R1AT 2. 54759 1.54245 4. 27407
40 82al G, 72982 0,33915 1.57051
41 D2Aa2 1.7348= GHQ'Q?S I.54421
4z QR2AZ F.8R2129 2.5%07% S.E&TERT
43 R2A4 1.47100 0. 87502 2.41754
44 Q2A6 2.92488 1.89479 4. 51497
45 BRA7 1. 20939 0.50101 2.9193E8
45 IREIYAN] 0.94535 G, 4425 2.0193%7
47 Q442 . 97875 .16418 I.TAE26
48 G4AaZ 2 FE4T004 LOLR2E 4.31032
49 G4aa . 24658 « 42628 = 564
= -




2. Parameter estimates and 303 confidence intervals for
model terms in the GIM analyses of catch rates of swcrdflsh
from 50 to 99 pounds dressed weight, '

CODE ESTIMATE LOWER %0% CI UFFER 0% CI

wt S

1 CONET , 3. 73922 P STTEE 4. 65234
= YRl &. S804 5. 008617 8. 49627
z yga =, 30890 4,184512 &.7E283
4 YE3 F.ZEIS19 ZF.57023 4.07219
5 Y8= 4, 09473 = 5. 17701
& vas %. 44788 2 1. 285%21
7 Y87 Z.44414 2 &4, 2Z70B
8 o1 2. BO%&0 1.90120 4,1i5204
3 () Z. 89820 T, 034604 5. 00784
10 L4 4.13409 Z,.30303 =, 232445
i1 ai 21.573540 11, 146940 41,4746
12 2 2.%E7577 1.6B748 2.34441
3 3 F. 494461 2. 4, 4478
14 B4 4, 77902 Z.S8I50 &
5 aé 4.918387 Z.733B1 &
& a7 12. 66954 8.80T754 18
17 851 9, 40508 5. A1S5AD 15
i 552 5. 95887 5. 12744 &
19 853 5. 13142 4, AZTEDS L£.05141
34 555 1.19787 0.86911 1,
2 %1 1.25371 0.R4344 i.
EAR 1.07898 0, 7EE7E 1.
%I 2. 11478 1.54778 2.
A 2L.EBLIGT 1.B04%8 2.
VA= =, SG41 4 1. FIOP0 T. 24
24 b 2.74557 Z.14191 3.51
27 %7 2.71728 2. 13391 TSk
pet= nE E.IE7EE T A 1 4,25
27 ARS . TE949 2. GA447 L. 5T
I %11 . &R4AT9 BETO4 4.5
=1 aish | 0. BEATE1 % 1.7
opz TLETET A 7 4.9
OFE F.TABAT 1 $.0
oFa =, A97EE 7 4.
ni=E . a.
Or7 1. 2.
mint 2. z,
A Qiaz & 10,
=9 B1aZ =, .
40 gral i. .
41 3282 4, .
4z OTAT 4.
az : 4 .
44 . .
5

7i &8

Jo ke b4
A

-l
21254

U3 & LR € b £ e L g O £ OB LR O 0 O e D0

“_,;3
2.AGETA .7

49 b 3, 568355 e

50 Laas 3. 08045 Y

51 R4AT 2. 80553 LB

=2 Aloz 5. 23901 =) A=l

53 AEDL iEaéiﬁﬁﬁ 5. 14262 30, 15757,

54 AeDZ 3.6B78 4 Y Z.39185% AR

55 A701 17.73201 7. 62994 4 . 20928

58 A7C2 &4, 827 ?fi 22 2.89724 8.04481



3. Parameter estimates and %0% confidence intervals for model

terms in the GLM analyses of catch rates of swordfish from 26
to 42 pounds dresssd weight. . '

CODE EETIMATE LOWER 50% C1 UFPFER 0% CI

1 CONET

11934

L8694

10189
- FOTVES

~
o
R
N
~d

. EPLEE 2.71244 4. 25328
= vEi .S7128 2.54981 L4740
= vaz ekterla Z.TATEL L10E72
4 Yo L25584 2.599372 L1OZEZ
5 Ve LEE792 2. EEDAD L2482
& Y&e& L AB559 3. 60949 CST43S
7 YE7 L52744 L ETOES . SBIT6
g . 35424 2.36077 . 98252
=4 . 81400 Z.19704 L6047

10 LSOETR 4,35418 89741
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Q2S00 Z.16210 . I2E92
14 « 2G109 4.4659599 . 2025S
=) 11408 2.I6TIT - 10509
14 . BFET7 F.R7EE L 7FOES
17 L ADETS 1.40478 CBB197
1g - L1T172 4. 1382% . IEIFEE
19 . BEE%4 5. 02657 &.B9223
20 ZER116 0.95412 i.82938
= . BTEOT C.50367 0. 95702
2z LES1IE G.9315T 1.66434
23 LST0ET 1.17597 T.i5151
= . G134 1,54245 2L 54510
5 L E0TE 1.70144 285
z LT LIRS 2. izoE .47
27 L7543 T.15 .55
= L2 2LET &.1
e .8 EZLl 4.8 ;
=60 3 z. 4.3 =
i & = 14. 82550
=7 gt Z. 4.1 i
a3 = 1. I.E3619
4 = 2, F. 4 5
5 = . 4.4 5
I& i i. 1.538754
37 = 1. H. 1O0ES
38 T i, 7 5. 67730
i TAG i, & T. 95284
40 LS 1.44947 &
4i S EsT T. 19920 &.
z L0945 1.473358 2.
o 4,07B4ET 2. 608D b,
44 Z.51713 Z.54544 5.
L= 4,88770C 1.91238 190.
44 F.R1ELY 1.07187 4,
47 Z.B3511 1.78389 4.55083
43 2L 1E19G 1.52786 T.00272
49 inFYay! 2.E3450 1. 68751 =.814729
50 CAAG TLTFOEE0 2.424679 5.4521%
51 Gaa7 1.9424% 1.30563 2.240640
52 a102 RLTERET 1.89329 4
53 as01 1.38B940 0.54781
54 falz 271877 1, 783%0 4
5 A701 1.49129 ©. 55284 4
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4., Parpmeter sstlzates ard $0% confidence intsrvals for modsl
tarms in the CIX analysss of oatsh rates of swordfish from 1
£o 25 pounds drsssad welght,

- CoDE EGTIMATE LOWER 90% 01 UFPPER 90% OI

1 CONST 1. 84107 1.04526 1.98109
e Y81 i1.321584 0,88814 L.95417
us YB2 1, 88348 1.33456& o, 6EATI
4 YEZ 1,58223 1,147 Z.18217
5 wEE: 1. 81808 1.3%1%249 Z2.518%1
& Y8 2. 40505 22380
7 Yev 2. 26899 T.iB192
8 G 1.23208 2, 21268
9 (nle] 0.441560 0,92573
10 o4 2, 47910 2. 54104 4,76344
11 Al 1.31088 G.SETIL I.19811
12 Az 0. FIB0Y 0. E7RE0 1., 55434
1= % 1.4579% 1.,0419% 2.08119
14 Y3 1, 77088 1. 19024 2. 47944
1% fas i.1%101 0, 78874 1.463297
16 %4 0. BOTAT G.8737% L, 1mE7E
1y 8582 T, 28805 2, 84,0725
18 857 2. GE085 2.1 222414
19 goE 0. 53784 0, Ba99S
20 %1 0, 42184 G.86148
24 %z G5 bAE 1, TEBEI
ne %7 G, 97574 1.510%%
et %4 0, 75534 $. 12893
24 “s 1,03880 1. AB7Y3
bt % 1L 02107 1, G420
28 %7 1,010861 y 1.41288
= Y5 1, 36135 o, 1. 87524
28 240 1, 59585 1, 2,200
29 %il 1. 60598 1 2. 20895
30 opi 0.58150 o 0. B7994
a1 ora 1. 475358 i 2, 09832
I OEx G.8TLYT a 1. 29404
3 opa 1, 06353 o 1,81033
34 oPs 1. 75820 1.27&77 2. EI258
35 OF7 G, 759244 G : 1,319727
3& giatl G, 8212 0 1. 52895
7 Dias 2, 08172 i b, FEOBS
38 D147 0, BLETe & 1, 70044
5 QoA ", &5097 La T AGTIT
a0 AR 5. 5985 2, 10.8331¢8
4 1 - @2‘%3 . ; El E@{}%S {:/30. E g- a @@3&‘5
43 B2a4 2. 50580 1.5 4, 582858
43 n28s 1,80244 3. OO 3. 205687
44 aza7 5.9098% 2. B4 BT . EEFPIR
45 [MEEASY 0, 5BI82 £y BEG 1.79849
48 Daan 1.98577 1. 02478 2. 84755
a7 0483 1, 01948 0, 45484 1,498
48 nand 1. 16837 0, BA5E2 2. 08589
4% abas 3, 37881 ¢, BaBLY %, §PHES
50 04a7 0, T99%4 0, 74285 i, 04581



5. Parametsr estizstes and 206% confidsncs intarvals for model
terme in the 61X analyass of cateoh rates of swordflish greatar
than or agual %o 235 o LIFL.

CODE ESTIMATE LOWER 90% O UPPER 90% OI
i CONST 0, 42371 &, 29S4D 0, L0477
2 Y81 1.19847 0.792582 1.8191%
3 YE2 0. 74370 0. 52084 1.,11635
3 YB3 G, 70025 0. 4908 0, 99453
5 YEH 0. &88701 0, 53471 0, 70843
& YB 0, 37544 0. 264657 O, 52875
7 Ya7 0. 40854 0. 25904% 0.565E%
& o1 1, 12880 O, 65362 1.94544
& ) 0. 99382 0. 48105 i, 48023
10 At 0, 51573 G. 346371 0. 73136
11 a1 0. 4495 Do LOTERE 1.1034%
12 Al 0. 2801 0, 11294 0, 44388
13 AT O, 27897 0, 6551
14 a4 S O 0. BEE%4
15 LY D o : 0, &EIOE
i& a7 ey 03 G4 0. 538697
17 551 4, % 5 5, 51455
18 8587 & G, BLVES 0.8%183
i5 s o 0, 37058 G &EDLAE
20 855 ; G, OBTLT G, 22651
=1 ] O, 22277 1.27417
w LRz O, 26157 O, 15489 & AAGTE
5 fEs 0, PEB10 0, 16438 0. 8508691
24 aOPa 0, 27594 O, 17972 Do H17ES
25 aeé O, B54E1 O ETEEE 0. 80264
24 0F7 . 45159 &, 15135 1.20838
27 D14l 0, 2%617 7, O&419 0. 85889
28 gian 0, 06189 &, 4BEST
25 1A% 1 Ou 1 13ES o, 4811
=0 F241 3] 0, 07352 O, FO4BO.
31 el : 0, GR497 $, 20230
3z 24T 7 0, 11018 0.37814
2% DA 5, DEESY O, 03581 0. 20067
F4 O 0. 5210% . 47109 0. 50308
ot n2a7 G 1043 0, 03589 O, BATE2
T DaAl, G. 2BTTS G, 19795 %, 35789
37 o4am 0. 41284 O, 14499 . 17388
38 DAAT 5, AETAT 0, 24348 0. FUEEH
39 Dana 0. 40699 0. 19789 0. BE702
40 GAGE 0, 42263 8, 20776 0. BETTR,
41 BANT 0. 42143 8, 2%128 0. TaB6E
42 &102 o, 24 G, 27410 &, BBTAT
4% B&0 1 o, 5. 058211 a9, 41744
44 Be0D o, 0. 25065 1.09319
43 G741 - 6. 0. OBESY O, 66341
4 AT &, 0, FOET 1. 364832
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7. Perapeter satlisstas and %9% sonfidence intervals for aodel
tarms in the 2I1¥ analysss of oateh ratss of swordfish greater
than 109% oz but lass than 170 o= IJFL. '

CODE ESBTIMATE

LOWER 20% L1

WPPER 90% G

1 CONST &. 35270 S. 71029 5. 57885
2 YEBi1 B, 7384 &, 14990 b, 5042
3 ve2 5. 67323 4,58199 T Q2460

g Yex 4. 38361 3.5436% H.39218
5 Y83 5. 12643 4, 15954 4. 31809
) Y8& 4,.98511 4,11748 &. Q3770
7 Y87 T.11i9%7 4. 25888 &, 13929
B Gl 5. 53808 3. 7&341 B. 130035
9 g2 4. 26082 5. 38409 T 36574
10 R4 7. 40B1Z 8. 78854 B,73149
11 1 14, 846753 F.aE149 28,8312%
12 A2 . R23082 2. 33024 4.IZBE7!
13 0.3 &y 2EI04 5.04858 774914
14 A% F T ik 12. 20558
13 Ak %, oy B T REFEQ
16 A7 12 8. 18. 54781
17 881 11 ¥ 19. 7H07Y
iB B82 kR pRe 18, 25782
i9 g5 Ei 8. A4 11.2132%
2 BES i. LLEOLTO 2. XELT3
z1 i ] et i ¥ &, 7189%
22 QFE 4 E, £ 5. B7E24
2 aP3 3 Z.51278 4. 28497
24 DyF4 & 2: 77467 4, I39%4%
25 GF & 4 4, GO349 b 22712
2 ey i 0. 840460 1,43947
27 Gilki 2. L0958 . 09374
28 BLIAZ 4, L. F0EL4 &.B7781
29 RIAZ Z 1363535 s EF713
0 Q241 2 1.,38877 5. 88418
*3 p2a2 3 2 4545 2.30238
32 L2Aa3 5 2. EH4L1 %, 88120
33 Q24 B, 35297 &, 48033 8. 23309
54 H244 L. 08551 2. 78709 T. 78191
3% Q2R7 4. 841381 193071 10.21%464
Jge BEAL 1. 99EE5 DLBFTTO &, 07708
&7 BAAZ s B2208 .20l 5, 27540
28 BRAT 2. 977328 2. 17811 4. Q7705
% RaAd B0 HLE0OT TR AWIEER T, 250848
/0 BARS &, TE7T 2, BYI47 &. 50342
41 Ran7 2. 28590 1. 41998 S.851392
432 ALDZ 3. 85829 s LB568 K078
&% F601 7. €893 S, FUL9Y 15. 935483
45 A502 5. 8VI9Y 2. 53562 S. 91881
43 a7al 5. L83 4. 528 182. 83381
& &70R2 FOEAEAG . 16344




£. Pavameter setisstes and 90% gomfidencs intarvals for model
Tarms in the LM analyses of catch rvatss of svordfish less
than 110 o LIFL,
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MATE LOWER BQ% D1 UPPER %0% CI

CONBT 0. 76538 . 3984% 1.048%90
Yl . 68797 0. 458463 1.03873
Y&2 6. 28827 ©. 70135 1.39254
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