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STANDARDIZED CATCH RATES OF BLUEFIN TUNA IN THE UNITED STATES FISHERY CONSERVATION ZONE FOR 19831986

SUMMARY

Data collected by U.S. observersb aboard all Japanese longline boats
fishing 1in the United States Fishery Conservation Zones were used to
develop indices of abundance for :3-9 year bluefin tuna 1n the western
Atlantic north of 35 degrees latitude for 1983-1986.

Size was recorded for nearly every bluefin tuna caught and was used to
calculate catch rate at age for each set. Staundardized catch rates were
developed, using a general linear model, and used to develop indices of
abundance. Ages were combined into three groups——3 to 5, 6 to 7, and 8 to 9
year olds for separate analyses. An adequate linear model could not be
derived to develop standardized iandices for 1 to 2 year olds. The 90 per-
cent confidence intervals around the standardized estimates were broad,
reflecting the low proportion of total variation explained by the final

analysis.

RESUME

Les données rassemblées par les observateurs amfricains 3 bord de tous
les palangriers japonais p@chant dans la Zone de Conservation des Etats—
Unis ont &té utilises pour développer des indices de 1'abondance du thon
~ouge de l'Atlantique ouest de 3-9 ans au nord de 35 @ de latitude pour la
période 1983-1986.

La taille a &té& not&e pour presque tous les thons rouges caprurés et a
servi d calculer le taux des prises 3 un 3ge donné par lancer. Les taux
des prises standardisées ont &té développés en utilisant un modale linéaire
général et ont &té utilisés pour développer des indices de 1’abondance.
Les 3ges ont &t& combinés en 3 groupes -~ 3 &8 5, 6 2 7 et 8 3 9 ans pour des

analyses s€parfes. Un moddle linéaire adéquat n'a pu 8tre tiré pour déve~

lopper des indices standardisés pour ceux de 1 3 2 ans: Les intervalles de
conffance de 90 % en relatfon avec les estimations standardisées ont &ré
amples, reflétant le faible pourcentage- de variatfon totale expliquée par

la derniédre analyse.

K. 5. Davis, S. C. Turner
Sourheast Fisheries Center, 75 Virginia Beach Drive, Miumi, Florida, U.S.A.

RESUMEN

Los datos recopilados por observadores norteamericanos & bordo de
todos los i)alangreros Japoneses que faenan en 1la "Fishing Conservation
Zone”™ de Estados Unidos, se utilizaron para desarrollar indices de abun-
dancia para. el atan rojo de 3.9 affos en el Atlintico Oeste norte de 35
grados de latitud para 1983-~1986.

Se’ regigtrs la talla de pricticamente todos los ejemplares de atun
rojo capturados, y se utilizé para calcular la tasa de captura a una edad
dada para cada conjunto. Se desarrollaron las tasas de captura normalizadas
utilizando un modelo lineal general y se emplearon para desarrollar fndices
de abundancia. Se combinaron las edades en 3 grupos - 3 a 5, 6aly8a9,
para anflisis independientes. No pudo deducirse un wmodelo lineal adecuado
par'a‘ desarrollar Indices normalizados para las edades 1 a 2. El 90% de los
intervalos de confia_nza alrededor de las estimaciones normalizadas fueron
amp‘iios, reflejando la baja proporcibn de variacibn total explicada por los

anfilisis finales.



Introduction

U.S. observers have recorded catch and effort data from all Japanese
Yongline vessels fishing within the U.S. Fishery Conservation Zone (FCZ) since
June 1982. An adequate sample size of small to medium bluefin tuna exists with
which indices of abundance can be estimated.

Standardized abundance indices were developed by Turner (1987) using a
general linear model approach for 1983-1985, The purpose of this research is to
develop indices of abundance for 1983-1986 using the same method,

Materials & Methods

4.5, ohservers record data on each animal caught, Each record contains
data on: vessel fidentification; date, time, temperature, and location of each
set and haulback; gear parameters, including floatline length, gangion length,
number of floats, number of hooks between floats, distance between hooks, ant
bait used; as well as size, sex, status {dead or alive), and landing time of
pach animal. Length is usually recorded for all tunas, billfish, and sharks.
Length units may be recorded as straight or curved and as measured or estimated,
Weight, if recorded is measured as round weight.

Sets that contained less than 1000 hooks or had missing lengths for 677 or
more of the bluefin on that set were not used in the analyses., Length was
assigned to any unmeasured fish on a set by using the length composition of the
measured bluefin on that set.

Blue fin were aged with the Parrack and Phares (1979) growth equation and the
algorithm used by the Bluefin Working Groups of 1984 and 1985 to age the catch
in recent assessments (Anon, 1985, 1986 and 1987), The equation included the
variable Ty (Nichols 1985), using the value of ~0.9¢ for 19R5 and 1026, Catch
rates at age were calculated for each set using the catch at length, Bluefin
over 9 years ol4 were not included.

Histograms of total catch rates by year were examined to determine if
saturation might effect the observed bluefin catch rates.

A general linear model {Draper and Smith 1966) approach to analysis of
yariance {ANOVA) was used to examine logged catch rates + 1 for differences
among the effects of years, months, areas, hooks between floats, and their
interactions. The frequency distributions of standardized residuals fresiduals
divided by the standard deviation) were examined to be sure that they approxi-
mated the normal distribution., F tests were conducted on all two-way interac-
tions and on all main effects except for year that were not involved in a signi-
ficant two-way interaction and were used to select the best model for developing
standardized catch rates.

Age specific mean catch rates by year and month were used to group the
bluefin into age groups for analysis. The data used in the analysis were
Timited ta insure a more balanced design; this was done by generally requiring
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test the interaction between month and area.

that for each level of a main effect in the model there had
to he at least €
observations in at least 2 levels of every other main effect. ? :

Results

The h?stogfams of catch rates by year of all animals caught revealed very
few sets in whick catch rates exceede¢ 102 (Figure 1), therefore, no adjust-
ments For saturation were made. ? ’

The relative distribution of mean catch rates across a

ges by year and month
(Table 1) generally followed those that were observed by Turnery({987). there-
:orﬁ. ;he age groups of 3-5, 6-7, and 8-C year old bluefin were used in this
nalysis,

After restricting the data to insure a more balanced design )i
main effects were included in the analysis: years: 1083, %gﬂg ‘lggﬁ jzlleﬁgz?
months: January, February, and December; areas: 360N740y, 390N660H 3§0N67°& -
39O0NGROW, AQONBEOW and A0ONE7OVM (Figure 2); number of hooks betweeﬁ floats: 7
B8, and 10 (Table 2). The data restriction criteria had to be relaved for 10P3
{there were less than 5 observations at some levels) so it could be includeA §n
the model for continuity with Turner's analysis. There were sufficient data to
R No other interzctions could he

The analyses were initiated on the 3-5 year old hluefin, because they

coq;?itute the largest sample size, The same procedure will initially be
applied to 6-7 and B-9 year olds In subsequent analyses.

Analysis of Variance

ANOVA for 3-5 year olds revealed thst the month-area interaction ard hooks
betwgeq Tloats weve significant. The distribution of residuals among areas fror
the initial analysis on 3-5 year olds showed that area 260N740K was quite dif-
ferent, so catch rates from 360K7404 were removed from the analysis., The morel
was tested again; the distributions of the residuals at each level of the other
main effects appeared reasonable and were sccepted (Figure ?). The histooram of
standardized residuals appeared normally distributed (Figure 4). The final
model of logged catch rate among 4 levels of year, 2 levels of month, S levels
of area, 3 levels of hooks between floats, and the month-area interaétion
(Tatle 3) was accepted. The standardized estimates of abundance (Tahle 2,

Figure §) increased from 1983 to 1924 and have decreased from 198% through 100¢,

. F-tests for the analysis of 6-7 year olds revealed that the month-area
interaction did not have a significant effect on logged catch rates, Initial
anaylses indicated that the distribution of residuals at the level of 10 hoo's
between floats were quite different from those at the otMer 2 levels of that
effect, therefore, 10 hooks between floats were removed from analysis of 6-7
year o]ds. F-tests revealed that the month-area interaction was highly
1ns1gn!ficant, whereas hooks between floats had an F value of 0.10, The model
including year, montk, and area, was tested with and without the 2 remaining



Tevels of hooks between floats, and it was found that hooks between floats did
not significantly effect the standardized catch rate without hooks between
floats in the model. The distributions of residuals at the levels of the main
effects appeared reasonable and were accepted (Figure 6), and the distribution
of the standardized residuals appeared to approximate the norma) distribution
(Figure 7). Thus the final model for 6-7 year olds including 4 levels of year,
3 levels of month, and 5 levels of area (Table 3) was accepted. The standard
estimates of abundance increased From 1983-1985, then decreased in 1986 (Table
3, Figure 8).

Analyses for 8-9 year olds revealed that the month-area interaction was
highly significant, while hooks between floats had an F value of .07. Initial
analysis showed that the distribution of residuals at the level of 10 hooks bet-
ween floats were different from those at the other 2 levels, therefore, catch
rates from that level of hooks between floats were removed from further
analysis. Subsequent analysis revealed that the month-area interaction was
still highly significant, whereas, hooks between floats were highly insignifi-
cant. Hooks between floats were removed from the model and subsequent testing
showed that the residuals were not evenly distributed within the levels of the
main effects (Figure 9). Removal of those levels of main effects caused the
distribution of standardized residuals to become peaked and increasingly biased,
Therefore, the wodel with the effects of year, month, area, and the month-area
interaction was accepted (Table 3). The distribution of residuals at the levels
of the main effects (Figure 9) were not evenly distributed as noted above, and
the frequency distribution of standardized residuals were peaked and somewhat
biased (Figure 10), however, they were consistent to those observed by Turner
(1987) for 1983-1986. The standardized estimates of abundance for 8-9 year old
biuefin remained nearly stable from 1983 through 1985, then slightly decreased
in 1986 (Table 3, Figure 11},

Biscussion

These indices of abundance suggest that the population size of juvenile tuna
was expanding from 1983 through 1985 and then began declining in 1986. These
results are somewhat questionable due to the relatively low coefficients of
multiple determination (R¢) that were derived for the three models (.26 for 3-5,
.38 for 6-7, and .31 for 8-9 year 01d analyses). The low proportion of total
variation explained by the analyses was probably due to the inability to incor-
porate environmental (i.e., favorable conditions that may concentrate fish) data
inéo the analyses.

The standard deviations about the estimated catch rates in log units were
similar to two of the levels of standard deviation in log normal error (0.1 and
0.32) introduced into the abundance indices by Vaughn et al. (1987) in sen-
sitivity analyses of CAL, the tuning procedure recently used by the SCRS for
bluefin virtual population analyses. These levels of standard deviation indi-
cate that there is only a moderate amount of error in the catch rates derived
from Japanese longline data. )
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Table 2. Number of sets initially used to develop indices of abundance for ‘
bluefin tuna as recorded from Japanese longline vessels f1sh1ng nerth
of 350N in the western Atlantic U.S. FCZ by levels of main effects

No. of Sets

YEAR
1983 13
1984 85
1885 150
1986 126
MONTH
Jan 126
Feb 96
Dec 152
AREA
3674 28
396€ 36
3967 50
3968 20
A06E 130
4067 101

HOOKS BETWEEN FLOATS

7 216
B e’
10 71



Table 3.

Annual standardized catch rates (number of bluefin per 1000 hooks)
1000 hooks) for 3-5, 6-7, and 8-9 year old bluefin in the western
Atlantic with the final analyses of variance models (cr = catch rate,
Y = year, M = month, A = area, H = Number of hooks between floats,
MA = month-area interaction) -

3-5 YEAR OLDS

Model: 1In {cr +1)= ¥ + M + A + H + MA

RZ = .26

Year Estimated Catch Rate Standard Beviation

83 4,4304 .475
84 11.4347 2N
85 10,8471 .223
86 6.8342 .323

6-7 YEAR OLDS

Model: In {cr +1)= YV + M + A
RZ = .38

Year Estimated Catch Rate Standard Deviation

83 2,1639 .333
84 2.8369 155
85 5,1944 .138
86 1.5607 .180

8-9 YEAR OLDS

Model: 1In (cr +1)= Y + M + A + MA

RZ = .28

Year Estimated Catch Rate Standard Deviation

83 1,3825 .204
84 1.4135 .085
85 1.5570 .096
86 1.1217 .108
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Figure 1, Histograms of catch rates by year of all.animals caught in the
western Atlantic U.S. FCZ north of 35®W by Japanese longline vessels

for 1983-1886
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Figure 5. Plot of the standardized indices of abundance for 3-5 ysar old
bluefin caught in the U.S. FCZ north of 350N with 3 20% confidence
interval
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designated by QUT



