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SUMMARY

By applying a general linear model to billfish tournament and dock

catch and effort data, indices of abundance for the years 1972 through 1986
were obtained from the following measures of fishing success: numbers of
blue marlin hooked and caught and white marlin hooked and caught per unit
of fighing time. Compressing the data from a record—[;er—trip to a record-
per-day basis improved the fit of the residuals to a normal distribution

and fincreased the percent of variation in fishing success that could be

2

explained by the model. For example, the R° for number of blue marlin

hooked per unit of fishing time was increased from 4 percent to 22 percent.
In the analysis, the compressed records were weighted according to number

of trips that they covered. The R2 for number of white marlian hooked or

caught was nearly twice that for blue marlin hooked or caught. The
influencing factors considered in the analysis were sample type (tournament

or dock), area, month, and year. Both main effects and certaln two~way

interactions were examined. In additlon, the effect of certain local

environmental variables was tested. Sea state and cloud cover were

significant explaining variables in models for blue marlin; sea state, but
not cloud cover, was significant im explaining white marlin fishing

success.

" expliqué par le modale.
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RESUME

En appliquant un modele linfaire général aux donnes de prise et effort
d'istiophoridés provenant des concours de péche et des prises 3 qual, les
indices de l'abondancé pour la période 1972-1986 ont &t& obtenus a partir

des mesures de la production de p8che sulvantes: nombre de makalres bleus

et blancs p8chés 3 1'hamegon et capturés --par unité de période de pache.

En comprimdnt les donnBes d'un reglstre-par~sortie d un re igtre-par~jour,
P g p g

1'ajustement des résidus s'améliore 3 une distribution normale et accroft
le pourcentage de variation de la production de la p&che qui pourrait 8tre

Par exemple, le R2 pour le nombre de wmakaires

bleus pé&chés 3 l'hamegon par unité de période de péche s'est accru, allant

de 4 & 22 %. Dans l'analyse, les registres comprimés ont &t& pondérés au

nombre de sorties. Le RZ pour le nombre de makaire blanc péché d 1'hamegon

ou capturé représentait pr& du double que celui de makaire bleu. Les

facteurs influents Btudifs dans l'analyse ont 6&té classifiés par type

d'échantillonnage (concours de péche et prises 3 quai) par zone, mols et
année. Les effets principaux et certalnes interactons em double ont fait

1'objet d'un examen. De plus, l'effet de certaines variables locales de

milieu a &té testé. L'état de la mer et des nuages &talent importants pour
expliquer les variables des modéles du makalre bleu; 1l'état de la mer et
non les nuages, a été significatif pour expliquer 1'effectivité de la péche

du wakaire blanc.



RESUMEN

Aplicando un modelo lineal general a los datos de concursos de pesca,
sobre muelle, y de esfuerzo, de marlines, se obtuvieron findices de abundan-
cia para los aflos 1972 a 1986 a partir de las sigulentes mediciones de
captura productiva: numero de ejemplares de aguja azul enganchados con an-
zuelo y capturados, y de aguje blanca eaganchados con anzuelo y capturados,
por unidad de periodo de peaca. Condensar los datos de un registro por
salida a un registro por dia mejor$ el ajuste de los residuales a una dis—
tribucién normal y sument8 el porcentaje de la varlaciBn de la produccién
de pegca que podrfia explicarse mediante el modelo. Por ejemplo, el R2 para
el nidmero de agujae azules capturadas con anzuelo por unidad de perfodo de
pesca aument§ de 4% a 22%Z. En los anilisls, los registros resumidos se pon~
deraron de acuerdo con el nfmero de viajes. El RZ para el numero de agujas
blancas enganchadas con anzuelo o capturadas fue casi el doble que el de
aguja azul enganchada con anzualo o capturada. Los factores de influencia
considerados en los an&lisis fueron del tipe de muestra (concurso o mue-
1le}, frea, mes y afio. Se exeminaron los dos efectos principales y ciartas
interacciones de doble sentido. Adew®s, se comprobdd =1 efecto de ciertas
variables ambientales locales. El estado de la mar vy 1la cobertura de nubes
constitoyeron variables de importancia significativa en los modelos para la
aguja azul; el estado de la war - y no la cobertura de nubes ~ fue un

factor de peso 2 la hora de explicar el &xito en la pesca de agujs blanca.

IHTROBUCTION

Bevelomment of relfable Indlices of sbundance ave ifmportant in
assessing the status of stocks aud determining trends. To provide a date
buse For stock assesssment, a Teng-tevm survey of reereational catch and

i for biVifishes off the U,8. asst voast, the Gulf of Mexico, the
Bahamas, and the Caribbean Sea was inftisted {in 1972 by the Southeast
Fisheries Center’s Miami Laboratory., Dats have been colleciod annually
since that fime. Details of his survey are described in Beardsley and
Conser (1981}, In the present study, we use data for 311 of the main
areas of the survey to develop sepsrate indizes of snnual abundance for
blue marlin (Mﬁkgjgg.gigricﬁns) and white marlin {Tetrapturus albidus) from

1972 threugh Y5E8. By using date from a1) sreas surveyed, we attempied to
winimize the possibility that vartation in some oceanographic feature spe-

cific to an ares {for Instance, the Loop Current in the Guif of Mexico)
could distort the fndex by a7y ing Yocal accessibility of the stock to
ighing.
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METHODS

The data set contained the following fnformation relevant to this
egnalysis: (1) number of vessels fishing each day, including those not
catching any fish; (2) number of fish of each species hooked by each
vessel sach day; (3) mumber of fish of each species ceaught by each vesgel
each day; (4) musber of hours Fished by each vessel on esch day; {5) number
of mours of fighting time; {5) sverage wave crest height; and (6) cleud
cover. The Bages for estimating an fndex of abundance were, alternstively,
nusber hocked per wnit effort (HPUEY or number caught per unit efforg
{EPUE), The effort unit was Peffective fishing time® in hours, defined as
the nugmber of hours Fished minus Fighting time. According to Beardsley and
Conser (1981), HPUL may be a more relisble fndicator of abundamce than CBUE
in recreationsl fisheries for bi11fish, becsuse the weight of the fishing
Yine, which varies seong tournaments and among individuals, affects the
proportion of bilifish hooked that actually are bosted., It s possible o
fdentify hooked fish, because almost all H411¥ish Jump sut of the water
when they are hooked.

The raw dats were contained §n 1S dets Files, one for each yesr, and
were in the fors of & separate vecord Yor each fish, The first working
datas set was econstruvied from the raw file by combining the original
records fome for each Tigh) inte a record for esch trip. After preliminary
analysfs, a secand working data set was constructed from the firzt by cos-
Bintng 211 the trips for the zame sawpling-avent day {tournament day o
dock-sezpling day} tnis a single record containing totsl musbers of Figh
end hours from 2Vl the trips, Each of the working files contained the dats
For a1l 15 yewrs of the survey. The dete seis were pefinsd by eliminating
{1) tourmaments and Yocetions where 58iifish was the princ*ﬁgﬂ ‘Em*get,“ {#}
Tocations with very few records {tess than approaimetely 60}, and {2)
wonths with very few records. [Records from the Yowsr Florida east coast
were excluded by these eriteriz, ¥s were pecords Prom St Petersbureg,
Flortds; Mississippi; and Cozumel, Blye sariin catches §n Hew ingland
(gxraas rorth of Bew York) were 2o low that records from this veglon were
eliminated frow the dats set wsed for the blue meriia enalysis, aithoggh
they were retained for the white wartin anelysis. The sonths excluded from

" the analysis were Kovember, December, January, &nd February, which had 373,

51, 23, and 122 records, respectively. The data set for white mariin con-
ﬁ‘lswg of 84,847 records, while that for blue marlis conts ined $4,204
records .

Six sreas weve defined as follows: {1} Mew England {white sariin) or

2w York {blue warlin) ¢o Beaufort, Morth Careiina; {2) Soutk Caroiins o
Daytons, Florids: {3) Florigs Keys; {4) Behamas; (5) Caribbean; and {8}
Eulf of Bexico. Efght months were tncluded in the deta set: March through
Gctober. Two types oY samples were defined: {1} dock sampiing and {2)
tournament sampling, Beardsiey and Conzer {1983} found gignificant dif-
ferences in these two types of zemples In the Gulf of Bexico. Table I
ghows the number of recseds in esch type-bree-month strete. In @n spproach
zinilar to that of fobsen {1888}, Farber {1588}, Turner {1985}, and pihers,
8 general Vinear endel {51H) wes developed 2o distinguich variation s
Tich vetes smoRg yesrs by holding three other maln zources ©f varfetion -
Lype, #vea, end mnth -« constant. 4 regression sodel wes constructed in
which a dumny varfable vepresented sach altevnstive of the four paramsters
o= t¥pe, ares, month, sad yenr. fdditianat dusmy varizbles wers essigned
€6 reprosent sseh altsrnative of two-uay intersctions boetween sres ond type
end srea sad month. One standard for sach type, area, month, and year wes
defined, and dy the wain effects of these standards and their uye




way interactions were purposely omitted from the model, a necessity of this
procedure. Interactions of year with other parameters were purposely
excluded from the model in order that the year effect could be used as an
index of annual abundance. 1In the analysis, each durmy variable was set
equal to one or zero, depending on whether or not a record was from the
type, area, wonth, or year that dummy represented, The regression analysis
produced & regression coefficient for each durmmy variable. The generalized
predictor equation, which assumed a log-linear relationship between the
dependent variable and the dummy variables, was as follows:

Tn (M Ypuy + 1) = By + sum {By D)+ sum (B, D) + sum {Bp D)

+ sun (By Dy) + sum {Byy Dpg) + sum (Byg Dap) (1)

where Ypa¢ = prediction of relative abundance

Dy = dummy variables for type f = 1,2

B, = dummy variables for area a=1,...,6
By = dummy variables for month m = 3,....&0

Dyt = dummies for area-type

Dy = dummies for area-month
By is the constant and the B vectors are the regression coefficients for
tge variants of each factor. Only ome condition of each factor can be met
by each situation; therefore, for each prediction of the dependent variabile

(Vhat)v only one regression ceefficient for each factor parameter {is
*turned on® (i.e., wultiplied by D = } rather than D = D). A& standardized

index of annual abundance {Yhat~¥> is ‘calculated from the regression constant

and the regression coefficient o
follows:

the dummy variazble for esch year, as

Tnatey o fEe (8¢ % sum By Dydis L 15 / (2)
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3 Hiaml, pers. comm.}, the

irectly availsble from statistics

sutput, can be calculeted 3%

Covar (By By) = - Mezn (Dyy) var (8,) {3)
where Dyn is the vector of values of a specific year dummy variable,

The original model consisted of the following matn effects and
interactions: type, area, month, year, area x type, and area » month. The
standards selected for the wodel were: type = 2 (tournament), area = 6
{6ulf of Mexico), month = 8 (August), and year = 1983, The firal model
included the following: type, area-1 x type-1, area-5 x type-1, and ares v
gonth for 211 area x month interactions in the mode}. The same model
design was used for all four dependent variables {blue marlin HPUE and CPUE
and white marY{n HPUE and CPUE).

This model, when applied to the first working data set, which con-
sisted of a record for each trip, explained only 3.7% of the variation in
the number of blue marlin hooked per unit of effort. An analysis of
resulting residuals indicated that their distribution departed greatly frem
& normal distribution {Figure la),

A second working data set, fn which the data were compressed into a
record for each ssmpling-event day, was created in an attempt to improve
the fit of the residuals to the normal distributfor. To avoid the bias
that wight be caused by using records representing different levels of
effort, we weighted records in our analysis according to the number of
trips covered by each. Becsuse the records were weighted in the analysis,
Compressing the data did not change the degrees of freedom of the analysis.
The number of trips covered by each record varied from one to over 100 and
averaged about 10, A Targe number of records with only one trip occurred
in the data set due to dock-sampling visits in which only one hoat was
interviewed on & given day. CLompressing the data reduced the total amount
of variation in the date set because some of the imdividual variation B@ONY
fishing units was eliminated. %ot all of this type of veriation was elimi-
nated, however, since we $ti1) had & considerable number of records for
only one trip. The amount of varfstion jn the dependent vaviable that was
explained by the model increased from the originel 3.7% to approximetely
22% when we applied 1t to the compressed data set, znd the disiribution of
residuals more nearly approximsted the norwal distribution {Fig. 1b),

Dnce we had wade the fnitial fmprovemsnt fn the distribution of the
restdunls, we tested the effect on this dfstribution of tiplier (H)
used n the log trensform of the dependent variable ong 1 and
2}. If zers velues of the dependent varishls sccwr in & dota set, the
sddition of a constant %o the value is sécessery before making the Tog
transTormstion, because the Yeg of zere is not defined. Hppiving &
wultiplier to the vartadle before adding one 15 essentisily the same ag
changing the constant from one, Traditienally, B = 300 used with
recreational €ishing dats, and vesults are ressed fn feyms of number
caught per 300 hes. We tested W o 100, 208, 300, 490, end $80. Assuming
that the besfe unit of effort wss six hours, the most commn Yength of one
trip, wsing these multipliers was snalagous to changlng the constant froam
one to: 0.06 (W = 100}, 0.03 (B = 200}, 6.02 (B = 300), 0,035 {M = 400},
and 0,812 (M = 500}, & ¥ was selected to ®inimize the sum of the absolute
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values of the coefficients of skewness {gj) and kurtosis (g2), as suggested
by Berry (1987). A minimum was reached at M = 300, when g) » -0.015 and

gg = 0,162 {Table 2}, This {s eguivalent to adding a constant of 0.02 to
the data after multiplying by six,

According to 2 Kolmogorov Smirnoff test, the distribution of weighted
residuals st111 departed sfgnificantly {p € 0.001) from a normal
distribution; therefore, we conducted an analysis of the residuals to
determine whether the fit of the residuals to a normal distribution could
be fmproved by eliminating groups of data, -~Residuals were grouped
according to type, area, or month, and. the distribution of weighted resi-
duals within each group wes examined {Tables .3, 4, and 5). Then residuals
were grouped, first by the number of trips representing by the record
(Table 6) or by the number of blue marlin hacked per record (Table 7).
Certain groups displaying obviously aberrant distributions relative to the
normal distribution expected for the complete set of residuals were
excluded from the data set, ene group at a time, and a separate regression
analysis performed, The following eliminations were made: (1) type 1
{dock sampies); (2) avea 1 (Mew Yerk to Beaufort, K.C.}; (3) records repre-
senting less than 10 trips; (4) records representing less than 20 trips;
and (5) records in which the number of blue marlin hooked was zero. As
indicated in Table 8, none of these ellminations improved the fit of the
residuals to the normal distribution; In fact, the opposite was true. The
complete data base seemed preferable to any of these alternatives.
Regression models and predictions are not affected by the Tack of normality
in the distribution of residuals, but, since we did not quite satisfy this
requirement, caleulated confidence 1imits for our predictions may not be
accurste,

In addition to dummy variables representing alternative states of our
parameters and their interactions, we alst tested the effect of two
environmental variables -- sea state (average wave-crest height) and cloud
cover -~ on the percent of variatfon {n fishing success that could be
explained by the mode}. Both of these varlables were collected at the time
catch and effort data were collected and had been included on the data
records. MHind data, also included on the records, was not tested in the
model because 1t was highly correlated with sea state. Sea state and cloud
cover were poorly correlated with ezch other in the data.

RESULTS

Table 9 indicates the adjusted R2's and other statistics of various
alternative models for sach of the four dependent variables. Generally
speaking, the models for white marlin explained about twice as much of the
variation in thelr dependent varizbles as the models for blue marlin.
Although sea state and cloud cover were indicated to be highly sfgnificant
{r¢ 0.0001) fndependent variables in blue marlin models, the models that

included these varisbles explained Vittle more of the varfation in fishing
success than models without them. For fnstance, the model with sea state

explained 0.2% more of the warfation in blue marlin hooked per unit effort
than the model without this variable; and the model with both sea state and
cloud cover explained 0.5% more of the varfetion 1n blue marlin hooked per
unit effort then models without the these two varfables. Although sea
state was a highly significant {p € D.0001) variable when added to the
white marlin models, cloud cover was not.

The abundance indices resulting from the model are plotted by year in
Figures. 2 and 3. Indices sre reported as base numbers rather ilcn logs;
retransformation was accomplished by taking the exponent of the sum of the
regression coefficient and the constant, then subtracting one, and then
dividing by three, Division was by three rather than 300 so that the index
tould be reported in terms of 100 hrs of fishing., Within both gpecies, the
pattern of varfation 1n HPUE and CPUE was similar. A feature common to
three of the plots -- white mariin HPUE gnd CPUE and blue meriin HPUE -
is 2 minimum 1n 1978; blue marlin CPUE §s Yower fn 1976 than in 1978, A
maximum occurs §n 1980 fn white martin HPUE and CPUE, but §n 1561 in blue
ariin HPUE and CPUE. A persistent decline after 1980 s evident in white
wariin HPUE and CPUE; whereas @ decline from 1981 to 1982 was followed by
years of stability in blue mar}in HPUE and & 21ight increase fn blue marlin
CPUE, followed by & decline from 1985 to 1986, Fstimated 90Y confidence
Timits around the indices ere shown but may not be accurate because our
residuals were not quite distributed normally.

Predictions of dlue and white marlin HPUE bssed on area-wonth interac-
tions holding "year® effects censtant were used to examine seasonality
within-areas and to compare HPUE in the various areas within sonths. In
Table 10a, the months in which blue marlin HPUE was Jower than the overall
mean estimated based on 211 the area-month interactions are 1{sted by arez
in the first column and wonths in which it was greater than the mean sre
Visted in the second column. Area-months excluded from the program because

. of lack of data (empty cells) or for certain other reasons are listed in

the fina) column., In Table 10b, the areas tn which blue warlin HPUE wes
Tower than the overall mean are Visted by month in the first column. Areas
in which blue merlin HPUE was higher than the overall mean are listed in
the second column, Areas excluded from the program are listed by month fn
the fifal column. The same information 1s given for white marlin HPUE {n
Table 11.

In wost cases, the seasonality within areas suggested by model predic-
tions is consistent with what we know about the fishery and the distribu-
tion.of the fish (Table 10a), For instange, the period of higher than
average blue marlin HPUE 45 limited to one month in the area from Kew York
to Beaufort., Early susmer and fall (May, Jdune, and September) are the
wonths. of greater than average HPUE in the area from South Carolina to
Dsytona. Higher than sverage catches occur in the Keys only in October.
Higher than average blue marlin HPUE occurs from March through August in
the Bahamas, June through October in the Carfbbean, &nd May through October
in the &u1f of Hexico. Clearly, the Caribbean, the Bahamas, and the Bulf
of Kexfco are the principal areas of the blue marlin fishery, as was
reported previously by Prince end Bertolino (1986), Our sodel results
indicate that HPUE 15 higher than aversge in these three sreas during most



gonths sampled,

todel predictions suggest that the seasonality and centers of finterest
of the white marlin fishery are somewhat different from that of blue
marlin (Table 11a). The northeast, which includes New England, is an areas
of higher than aversge HPUE from June through October. White marlin HPUE
is below averzge in the area from South farolina to Daytona in all months
sampled. Above average HPUE §s found in May and July in the Fiorida Keys
and fn March and April in the Bahamas, May is the month of above average
white marlin HPUE in the Caribbean. June through October are months of
above average white mariin HPUE in the Gulf of Mexico. The northeast,
including Xew England, and the 6ulf of Mexico are indicated as the only two
sreas of consistently high white marlin HPUE for several months {Table 11},

DISCUSSION

The first question raised by the results §s how valid sre the indices
of annual abundance produced by the models? The models' indications of
seasonality in the various areas and the relative importance of the various
areas within any given month are consistent with what is known about the
fisheries for both blue and white marlin, suggesting that the models' per-
ceptions of year-to-year variation In fishing success &lso are accurate.

In addition, aspects of our results are supported by a previous analysis by
Beardsley and Conser (1981). Using a portion of the same data set used in
our analysis -~ Gulf of Hexico data for the period 1972-1978, they compared
a recreational HPUE from pooled dock and tournament data to the CPUE of the
Japanese longline fishery operating in the same area at the same time.

They concluded that white mariin HPUE was s reliable indicator of stock
abundance because, within 811 three of the subareas examined, the measures
of fishing success in the two fisheries were correlated over time. Their
data showed & decline 1n white marlin HPUE in the Gulf of Kexico from &
peak in 1975 through 1978, the last year covered by their analysis, Our
results for white mariin using data from @3] areas ave consistent with
thedr results for the Sulf of Mexlco in that & Yow occurs in 1978, In our
analysis, mowever, the decifne starts after a peek in 1974, rather than
1875, Beardsley and Conser {1981) were not able to Tind 2z relatfonship
between & pooled recreationsl HPUE for blue marlin and the blue marlin CPUE
of the Jepanese Jongline fishery in the Gulf of Mexico.

A second cuestion raised by cur results is how cen the models be
dmproved? Explaining 20 to 40% of verietion in the data leaves plenty of
roos for improvesent, Some of the unexplained variation may be due to
yarigtion in fishing skills among Tndividual units., We did not completely
glizinate this source of varfztion by combining the dats into event-day
records , becsuse, 2,672 records in the blue mar¥in data base, or &pproxime~
tely 10% of the dock~sampling vecords, still represent fndividus) trips;
and & totel of 16,388 records represent between two and ninme trips. If
the sampling schedule were revised so that the number of trips sempled in
aach day at the dock is fncreased, this would reduce the individua’
variation in our date base consisting of ¢ record for each sampling-event

29]

day. Reducing individual variation is one epproach to explaining & greater
percentage of varfztfon in the dsta with a model,

Varfation among locations within the same area 15 enother possible
source of varfation. Preliminary analysis of data from the GuIf of Mexico
(using the origina) record-per-trip data base) indicated & significant dif-
ference 1n blue marlin HPUE among Yocations. For instance, over the 15 yr
period, HPUE at Galveston was significantly higher than anywhere else in the
Gulf (p € 0.05). Some of the variation in the date misht be explained by
separating the data into wore finely-graded areas. Our preliminary analy-
sis suggested that, although differences among locations were significant,
the percent of variation in blue marlin HPUE thet could be explained by
locetion differences was falrly small,

Beardsiey &nd Conser's {1981) analysis indicated differences in the
relative HPUE for blue marlin from dock samples and tournament samples
arong different regions within the guif. This kind of inconsistency might
have reduced the amount of variation that could be explained by our model.
Cresting more finely-graded areas might sllow ug to resolve this problem.

The extent to which we can use sore finely defined areas 1n our wodel
1s Timited by the distribution of the data. Increasing the number of areas
would increase the number of empty srea-month cells. Logistic problems
also Timit the extent to which azreas can be subdivided. The size of the
matrices that must be manipulated 4n regression analysis fncreese as the
square of the number of varfables., As we define the GLM, each two-way
interaction is & variable; thus as the number of variants of any one factor
is increased, the matrices can quickly become unmanagesbly large.

Long-term and short-term effects of variable oceanographic and
meteorologic factors may be sources of varfation in the data, We tested
two variables that might affect elther the efficiency of fishing units or
the propensity of marlin to strike bait., &lthough both varisbles were
highly significant in the blue marlin equation snd one was highly signifi-
cant in the white mariin equation, neither explatned much of the data‘s
vartation -« possibly because the dusmy verfables for arez-month interac-
tions explained most of the spatial-temporal veriation in the dats that was
due tn sea state and cioud cover, The pddition of these varfables poten~
tially could reduce varfation aniy within 2ress and months or, possibly,
among months of different years.

To get a better ides of how environmenta) factors affect day-to-day
fishing success, we plan to anaiyze 8 spadial set of tournsment data in
which we have @ dafly record of fishing success at the same location for
over & month -~ data from the 1985 Caymen Island Tournament, As possible
factors Influencing fishing success, we will examine not only sea state znd
cloud cover but &1so moon phase, tidal cycle, wind speed, wind direction,
berometric pressure, water temperature, and several other aspects of local
conditions, The fact that some tournaments -- for fnstance, the San Jusn
and St. Thomss tournaments -~ are scheduled zolely on the basis of moon
phase guggests that this might be an lsportant factor sffecting fishing
success, Information gained from analysis of the special date set could



provide knowledge to {mprove the present models. For instance, 1f moon
phase s shown to be a highly significant factor explaining fishing suc-
cess, it might be feasible to retrospectively add wmoon-phase information to
the 15-yr recreatfonal tournament and dock-sampling data base and reanalyze
the data, incorporating this information into the model. Certainly it is
feasible to add this information to records for future years.

Oceanographic factors such as ocean temperature and current patterns
could affert the catchability of mar¥in stocks by affecting the date of
their arrival in a fishing ares or their position in the area relative to
bases from which fishing vessels depart. Fishing success may be Yow some
years because the tournament dates did not coincide with the time fish were
in the ares or becsuse conditions kept the fish too far offchore to be
sccessible to fishing., Environmental data required to examine effects of
this type would, of course, have to be area-specific. While incorporating
ocean temperature in & dats base covering several areas would be sasy,
incorporating current effects probably would be not be effective, even 17
possible, sfnce specific oceanographic features differ by area,
Considerable thought should be given to whether and how such data should be
&dded to a model of the type we have developed here. Simply adding local
ocean temperature to the model might not be very effective in reducing
unexplained variation in HPUE and CPUE, because the arsa-month interactions
already included in the model might account for much of the variation that
Tocal ocean temperature might otherwise explain., It might be more
profitable to examine this type of environmental effect in models specific
to each region than in z awdel covering all the regions.

CONCLUSIORS
The following conclusions can be drawn from this analysis:

1. The seasomelity of fishing success and relative fishing success in the
various sreas predicted by the models for blue and white marlin are
consistent with what s known about the fisheries for the two species
and thus support the medel’s standardized gnnual estimates of HPUE and
CPUE g3 {ndices of abundance,

4 The pattern of annue? varistiosn in white warlin abundance indicated by
this analysis ¥3 consistent with the pattern for the first eight years
of the record indicated by Beardsley and Conser {1981) from an analy~
515 of & portion of the same data set. The variation 1n Beardsley and
Conser’s recreational HPUE for white wmarlim fn the Gulf of Mexice was
correlated with the CPUE of the Jepanese longline fishery operating in
the same Yocation st approximately the same time.

Resvlits of & previous analysis {Beavdsley and Conser 1981} suppert the
use of white marlin annual estimates of HPUE as an Index of abundance.

w3

3.  Only about 20% of blue marlin and 40% of white marlin fishing success
were expieined by the wodels, which raises the question of how the

wodels might be {mproved by efther (a) reducing the variation in the
dats or (b) adding other factors to explain sdditional varfation,

4. Part of the unexplained varfation probably 1s due to differences in
anglers, equipment, and fishing site. This general category of
varizbility might be reduced 1F more samples per day were taken at
each sampling Tocation. & low number of samples s more common 4n
dock sampling than in tournament sawpling and might be tmproved by
sampling docks on weekends, rather than weekdays, when more sowples
can be obtained. .

5. A grester percentage of the variation In the data might be explaines
by the model {f environmenta) vsriables associsted with marlin fishing
success were added to the wodel. An snglysis of date from the 1985
Ceyman Island Tourmement wil) be wsed to evaluate the potential for
various environmentsl factors suwch as mosn phase to explain varisticn
in fishing success. ’
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Teble 1. Distribution {tota) number) of raw ssmples fn blue mariin file by
type, area, #nd month, 1972-1985,
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TABLE 3 TRELE 4
DISTRIBUTION (F WEIGHTED RECORNS WITHIN STANDARDIZED
DISTRYRUTICN (F WEIGHTED RECORDS WITHIN

RESIDUAL INTERVALS, BY AREA, YROM REGRESSICK OF BLUE
ETANDARDIZED RESIIXIAL INTERVALS, BY TYPE, MARLIN HPUE (N DUMAY VARIARLES.
FROM REGRESSION (F BLUE MARLIN BFUE ON
DUy VARIABLES.

AREA
1 2 3 4 5 6
TYPE
1 2 9,99 -3,00 o 0 i 0 80 0
~3,00 -2.67 o 0 ¢ 0 12 ]
$.99 +3.00 60 20 ~2.67 -2.33 0 &3 0 105 6 68
3,00 2,67 12 0 ~-2,33 2,00 432 25 0 49 0 957
~2.67 ~2.33 0 216 -2.00 -1.67 X 23 9 1005 40 1433
~2.33 -2,00 237 1645 -1.67 -1.23 0 [ 0 128 &7 5758
=2,00 -1.67 BoO 1726 -1.33 -1.00 3886 103 232 3%0 400 2262
=~1.67 -1.33 5798 250 -1.00 ~0.67 1719 228 64 1175 484 1798
=1.33 -1.00 3482 3719 -0.67 -0.33 683 351 24 1857 878 2874
-1.00 ~0.67 1014 = 4454 ~0.33 0.00 1063 357 830 3230 2337 5681
-~0.67 -0.33 255 6452 0.00 0.33 1493 241 555 3215 2164 7093
-0.33 0.00 - 595 12903 0.33 0.67 2053 524 507 3576 897 6029
0.060 0.33 1233 13528 . 0.67 1.00 1577 269 162 1775 586 4317
0.33 0.67 1758 11828 1.00 1.33 1565 232 0 1174 307 3057
0.67 1.00 - 2138 6547 : 1.33 1.67 834 42 23 422 121 1798
1.00 1.33 2616 3719 1.67 2.00 385 12 0 188 87 1216
1,33 1.67 1922 1318 2.00 2.33 227 0 0 27 30 726
1.67 2.00 1469 429 2.33 2.67 105 (] 0 0 28 402
2.00 2.33 903 107 2.67 3.00 38 ) 0 2 2 266
2.33 2.67 481 54 3.00 9.99 44 0 i 0 3 a7
2.67 3.00 275 33
3.00 9.99 - 212 12




TABLE 6

TBBLE 5 DISTRIBUTION OF WEIGHTED RECORDS WITHIN STANDARDIZED RESIDUAL
CISTRIBUTIOR CF WEIGHTED RECORDS WITHIN STANDARDIZED RESIDOAL INTERVALS, BY RUMBER OF TRIPS IN RECORD, FROM REGRESSICN GF
INTERWALS, BY MONTH, PROM REGRESSION OF BLUE MARLIR HPUE (N BLUE MPRLIN EPUE ON DUMMY VARIABLES.

DUMMY VARIABLES, -

RUMBER CF TRIPS

WONTH 17 1-9 10-19 20-29 30-39 40-49 50-59 =60
3 4 5 & 7 8 % 10

9.9¢-3,00 18 32 16 20 06 ©0 0 D
2.99-3.00 0 0 6 3 8 & 8 16 -3.00-2,67 5 7 0 0 6 0 0 9
~3.00-2.67 € © 9 12 ©6 © 0 0 . -2.67-2,33 2 29 104 43 38 0 0 D
-2,67-2.33 0 6 43 B8 W5 o© 0 0O -2,33 -2.00 41 592 684 374 138 0 54 D
~2.33 -2,060 0 126 234 629 563 134 15 38 -2,00 -1.67 217 951 632 358 168 0 0 ®
~2.00 -1.67 352 343 292 80 29% 232 92 &9 ~1.67 -1,33 3283 3974 513 87 30 41 110 D
~1.67 -1.33 0 79 B33 605 1594 1080 1104 753 -1.33 -1.00 447 2414 1463 931 539 434 506 539
~1.33 -1,00 73 222 461 185 1981 2839 1119 389 -1.00 -0.67 77 535 848 1158 736 809 323 O
~1.00 —0.67 396 367 69 1317 1868 801 202 48 -0.67 -0.33 5 105 1114 1206 1392 1189 390 1306
~0.67 ~0.33 450 351 609 2061 1218 1136 616 266 -0.33 0.06 4 271 1453 1948 2335 1963 1069 4455
-0,33 0.00 516 1199 13%0 2898 2530 1685 1948 1332 0.00 0.33 & 578 1962 2606 2690 1579 1642 3588
0.60 0.33 487 85¢ 1172 3675 3683 2252 1760 873 0.33 0.67 4 933 2534 2619 2685 2122 530 2158
0.33 0.67 668 1107 1564 3052 3051 2029 1266 8439 0.67 1.00 17 1297 2111 1383 139 785 265 1432
0.67 1.00 219 614 1041 1595 2177 1374 1086 580 1.00 1.33 8 1481 1757 1048 769 576 326 33p
1.00 1,33 258 302 779 1003 1759 1148 842 244 1.33 1.67 18 1460 1032 363 134 128 105 B
1.33 1.67 166 120 188 648 730 765 419 203 1.67 2.00 29 1051 542 B89 104 8 ¢ DO
1.67 2.00 8 39 157 300 502 509 179 131 2,00 2,33 9 §75 153 86 6 0 6 9
2,00 2,31 13 29 §3 172 24 313§ 50 2.33 2.67 141 343 25 26 0 0 o0 D
2,33 2.67 0 19 47 77 11 14 53 27 2.67 3.00 125 18 o0 ©6 0 0 0 O
2.67 3.00 2 9 4 44 61 60 47 39 3.00 9.9 131 77 16 0 0O c 0 ®
3.00 9.9 7 11 35 22 74 & 23 1
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Table 8,

for which the distribytion nf

Statistics of analysis of the effect op the distribution of reslduals of e
rasfduals was highly non-nermal,

xcluding subsets of data

Wefghted Sum of
Group Humber Coef., of Coef. of  Abs, Val,
Excluded Records Kurtosis Skewness 142 K-5 7 rZ F-stat Mean SS
Hone 94,298 0.162 -0,015 0.177 15,39 0.2203 522 0.8698
€10 trips 74,638 0.653 «0.582 1,235 17.11 0.2554 544 0.5467
€20 trips 57,421 0.973 -0.558 1.529 10.62 0.2914 536 0.4001
§ hooked=0 76,890 ~ 0.760 0.248 1.0086 6.58 0,2543 535 0.3516
Type 1 69,033 0.859% -0,579 1.438 17.51 0.2651 566 0.5466
Area 1 78,174 0,375 -0,079 0,454 19,37 0.1836 399 0.847%
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Table 10, Distribution of blue marlin HPUE by sree and smonth relative to

overall mean,

&. Months of lower and higher HPUE, by area.

*E31QRjJRA [BIUDBMOJ | AUR DUJULRIUGD S|2POW BA}LIBUIRILY PUR SLepEE I}SEQ 4N0j YD SO $3}35}3IS

Area-
months
Months Months not in
¢ mean ¥ mean Hodel
1. Hew York-Beaufort, N.C. 5,7.8,9,10 6 3.4
2. So. Carolina-Daytona, Fla. 4 5,6,% 3,7,8,10
3. Florida Keys 5,7 10 3,4,6,8,9
4. Bahamas 3,4,5,6,7,8 9,10
5. Caribbean 3,4,5 6,7.8,9,10
51 Bulf of Mexico 3.4 5.6,7,8,9,10
b. Areas of lower and higher NPUE, by month.
Area-
months
Areas Areas not in
€ mean 2 mean model
3. March 5,6 4 1,2,3
4. Aprid 2,5,6 4 1,3
5. Hay 1,3,5 2,4,6
6. June N 1,2,4,5,6 3
7. Hly 1,3 4.,5,6 2
8, Aug. 1 4,5,6 2,3
9, Sept. i 2,5,6 3.4
10, Oct, b 3,5.86 2,4




298

Table 11. Distribution of predicted white marlin HPUE by area and month
relative to overall mean,

8. fHonths of lower and higher HPUE, by area.

Area- HISFOGRAR
months STANDAADIZED RESIOURL
] ixr a £ o v BO3L TAILS, « 8 = RORRAL CUAYE}
Months Honths not in 158 P 68 oui
€ mean 3 mean wodel 350 GAM.4F F.60
1766 3bB.3L Zebe oo A

° 9T &t Balahd 2,33 sesee
s697 F28.3% (.00 edeor
3. Mew England-Beaufort, W.C. 5 €,7,8,9,10 3,4 £328 !l!li!..iH B.86 a:.

€33 34F2B7  BoB3 .
- 3,7,8,10 13% FEI&.4B 3.8 -
2. So. Carolira-Daytons, Fls. 4.5,6.9 27,8, 3 ek 1.8 .
\ 3 18818.66 @.33 .
3. Florida Keys 10 5,7 3.,4,6,8,9 2301 82658.37 .08 oo -
BoB0& JEBiIJoks 0,33 56008 0eUcolRutnoo0e00ROLB0000LINDLECEC0002tE0RNUEDRO08RY
4, Bahamas 5,6,7,8 3.4 9,10 16378 10343.7% ~8.6% osonsuscstacs
- LR

2636 FR06.38 °2.83 ees °
580 BiF2.87 ~la33 @ -

5, Caribbean 3,4,6,7,8,3,10 5 AFL 315435 *3.86 o
® 1PZB.I2 =2.0) .
P B6E.03 =2.3) .

Y48l =J§.02
F2ol® Ut

Gulf of Mexico 3,4,5 6,7,8,8,10 o 358,30 “Z.6h
o
o

b. Areas of lower and higher HPUE, by wmonth.

wI3TZ6RAN

Area- STANDARDIZED RESTDUAL
months s EXP W € o x 274 CASES. o & T WOERAL CURYE}
Areas Areas not in ::i 12.79  pul
148,463 .00 3
¢ mean 2 wean model 671 Je8.¥5  Z.66 ke B
722 8%1.15 2.33 we:
1636 1720452 2.30 wesve,
2513 §192.31  1.86 eseesecs
23586 513,47 J.3% voccocceeasvncsosess -
%, Harch 5,6 4 1,2,3 529 T40%.36 1.00 ecscersssacesasovobcacaceeny
::ag? L0183 .60 PON80000095000BL000RR0DAOABONBOROOTEAG
. 2 4 3,2 438 32%13.32 0.1% B AR A IO RO AED A NO R BOLODDNEBEEREOSBAB @ 3
&, April 2,5,6 . 15951 §2ad1.48 0.00 .....uu.n.“...-n..,.,”..-.”Mn::n.n::.::ii::::“'“

40908 A3H13.92 =0,3% PRER 000N LR R EAsB00E00009CE0N EDLLURAE R
B,y 1,2,4,6 3,5 5307 E9014c89 ~C.6% sssscancossecacnes » ¢
6562 J6U3.36 «3.00 mocssscevcscepessocansen

°
-
3 6EP2 BYPJ.&a7 =J.33 sosesessnsssccoeceeives -
& 0638 3152.9% ~j. 45 csavacsrustsssan
009 BTE0.52 =2.80 sovsssessas

8.5 1.3.6 ? B4h $51al3 =2.¥5 ov,
7. aly . #e 83 368.3% -2.60 .
_. Za  tes.as =3.00 ,

. June . 2,8,5 1,6

B. Aug. &,5 1,6 2,3 8¢ re.re  sur
9, Sept, 2,8 1,8 3,4
1, Ot 3,5 1,6 2,4

Figure 1. Distribution of standardized residuals from regression of blue
- mariin HPUL on dummy variables, using "trip® records (A) and
. "day® records {B).
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Figure 2. Standardized number of blue marlin hooked {A) and caught (B) per
100 hrs of fishing, by year, based on dats frem all six sress.
Fstimated 90% confidence limits are included.

Figure 3. Standsrdized number of white mar]%h hooked (A) and caught (B)
per 100 hrs of fishing, by year, based on data from all six
areas, Estimoted 90% confidence 1imits are fncluded,



