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INTRODUCTION

Japan, the United States. and Mexico have pursued longline fisheries for yellowfin tuna
in the Gulf of Mexico. Information about these fisheries has been presented earlier (Browder er
al. 1990: Browder and Scott 1991), and the description here will be brief. The Japanese fishery
was active from 1963 through 1980, with fluctuating catches of up to about 92 000 fish per yc;xr.

rostly caught in summer. The U.S. fishery has been active since 1984 with a generally increasing
trend in annual catch, particularly from 1987 to 1988 with the introduction of live bait. In
addition. a Mexican fishery hegan operating in the southem Gulf in the 1980, using procedures
similar to those formerly used by the Japanese (Compedn 1987).

It appears that no previous attempt has been made to apply population-dynamic models
to the stock or substock of yellowfin tuna in the Gulf of Mexico. To explore the feasibility of
doing so, we analy.zcd the catch-effort data with a logistic (Schaefer) production model that can
estimate catchability of several fisheries (Prager 1991). This model provided estimates of MSY
and optimal effoﬁ at MSY, as well as estimates of the precision with which MSY can be
estimated from the data. We then made additional mode! fits with different assumptions in order

to examine the uniqueness of the first solution.

DATA SOURCES AND TREATMENT

Data on the Japanese fishery were taken from the appropriate volumes of the Annual
Report of Effort and Catch Staristics by Area on Japanese Tuna Longline Fishery published by
the Research Department, Fisheries Agency of Japan. We multiplied the catch (in numbers) of
yellowfin each year year by the year-specific average weight of a fish (Table 1) 1 obtain annual
catch in biomass. Effort was derived in several sieps. The catch and effort data we used are
provided by the Fisheries Agency of Japan stratified by 5° square, type of operation, bait type.
and quarter (1963-1966) or year (1967--1980). We examined these data on a stratum-by-stratum
basis, marking records thai we considered to represent effort direcied towards yellowfin, This was
done by ckamining each record having unusually low yellowfin CPUE (< 0.01 kg/hook); such
records with more substantial catches of other species were considered to be directed towards
those species, not towards yellowfin. An average valuc of directed CPUE for each year was
obtained from the directed effort and directed catch. The total catch (from both directed and non-
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directed effort) was divided by CPUE to obtain total “derived effort”™ for the year. Total catch
and derived effort were used for analysis.

Data on the U.S. fishery were obtaincd from the unpublished records of the Southeast
Fisherics Science Center, U.S. National Marine Fisheries Service. NOAA. Total U.S. catches for
the Gulf of Mexico are from landings records and are the same values reported at the meeting of
the ICCAT Working Group on West Atlantic Tropical Tunas, held in Miami in April. 1991
(Miyake 1991). Catch and cffort estimates were obtained from vessel-logbook data files. Tuna
effort was distinguished from swordfish cffort as follows: If the total number of yellowfin,
bigeye, and bluefin caught (kept or released), was as large as or larger than the number of
swordfish landed. the set was conéidcrad directed towards tuna. Logbooks report catch in number
of fish; we converted to weight based on the mean weight of fish in size-frequency samples.
Effort was estimated by dividing total catch by directed CPUE. However, no CPUE data were
available for the period 1980-1985. Since the catches from this fishery in 1980-1984 were

' relatively small, they were considered zero. However, the 1985 caich was substantial (1 420 MT),

In the absence of other im‘o}mau'on. effort for 1985 was estimated by assuming that the CPUE was
the same as in 1986; so effort for 1985 was the 1985 landings divided by the 1986 CPUE.

Instead of processing the U.S. caich and effort data as described, we might have used the
CPUE index developed for yellowfin in the Gulf of Mexico by Turner and Scott (1991).
However. that index extends only to 1989, and it was not possible to extend it to 1990 at this
time, Although the analyses presented here did not use that CPUE index to represent the U.S.
fishery, we used it 1o “tune™ one mode! fit for comparative purposes. Results of that fit and their
implications are given in the Discussion. .

Data for the Mexican fishery were obtained from the paper of Compedn (1977), who
presented catch and effort data for the years 1981-1986. In the absence of other information, we
have assumed zero catch in years later than 1986. This is probably incorrect. and we hope to
obtain more recent data on the Mexican fishery in the near future. Since the magnitude of known
Mexican catch was about 10% of the present U.S. catch, the omission of the Mexican data, while -
unfortunate, may not constitute 2 overriding flaw in the analysis.

The resulting collection of catch and effort estimates from the three countries” fisheries
(Table 2) was used in all analyses described below.



ANALYSES AND RESULTS

We analyzed the data with a dynamic (non-equilibrium) logistic production model that
estimates common biologicﬂ_ parameters and a separate catchability coefficient g; for cach fishery.
Statistical distributions of quantities of interest (including MSY, fishing effort at MSY. and ratios
of catchability coefficients) were derived by bootstrapping. The mathematics of the model were
described by Pfagcr (1991), who termed the method ASPIC (A Surplus-Production model
Incorporating Covariates). The parameters estimaled by the ASPIC model for this study were—

B, Biomass at the beginning of the first year (1963), in MT

K Biological carrying capacity, or maximum stock size. in MT
r Biological intrinsic rate of increase of the stock, per year
q;  Catchability, Japanese fishery '

Iu Catchability, Mexican fishery

qy  Catchability, U.S. fishery

Many of the quantities defined by fitting a production model to data are not parameters estimated
directly by optimization. Rather. they are functions of the estimated parameters. In this study.

the derived quantities of interest were—

MSY Maximum sustainable yield, MT per year

Bygy Stock biomass at MSY, MT

Fusy Fishing mortality rate at MSY, proportion of biomass per year

f1 Fishing effort rate at MSY, units of Japanese effort (hooks)
Sy Fishing effort rate at MSY, units of Mexican effort (hooks)

fu Fishing effort rate at MSY, units of U.S. effort (hooks)

“Initial resuits (Table 3) displayed much higher variability than we have ‘observed in
previous ASPIC analyses of real and simulated data. For example, the nonparametric coefficient
of variation of MSY (Table 3) was unusualiy high (74%). The ordinary estimate of MSY (6 383
MT per year) was substantially different from the bootstrapped median value (3 926 MT per year),
although the two would be expected to be nearly the same. Cumulative frequency distributions
obtained by bootstrapping estimate that an 80% confidence interval of MSY is 2 000 to 9 000 MT

per year, a very wide range (Figure [a). The distributions of estimated U.S. fishing effort at MSY
(Figure 1b). r (Figure lc), and stock size at MSY (Figure 1d) also are wide. Another view of the
results from this analysis, the boxpiots in Figure 2, displays several additional quantities of
interest. A number of bootstrap trials giving unreasonable results (i.c., estimates corresponding
to r =0 orr > 10) were eliminated before pnepanng Figures 1 and 2. We emphasize that Figures
1 and 2 provide estimales of the precision of cach parameter estimate, and not of accuracy. The
tugh variability suggests that no firm conclusions about biology or managcmcm should be drawn
from these results.

Yellowfin tuna is a dynamic species, with high rates of growth and mortality, and the
estimate of r = 0.52 conresponding to the above Mysis seems too low. (Under the fogistic
model, the comesponding estimate of maximum sustainable fishing monality rate, Fyyqy. is 7/2,
or 0.26 per year) To examine the properties of the initial solution relative to other possible
solutions, we conducted a series of additional analyses in which values of r were assumed a

’ priori. The five other parameters (and the six derived quantities) were then estimated under this

assumption, giving a range of solutions corresponding o the range inr.

The results of analyses over the range r = 02 o r = 7.5 (Tabic 4) dcmonstratc that a
rchable umquc solution to. this problem cannot be obumed from the dam (The situation is similar
to mat of trymg ] csumatc lhc slope of a line from a neardy circuiar group of points.) The loss
function (sum of _squz_m:s in Iogb space} for this range of solutions varies. from 2.35 at 7 = 0.2 1o
2 minimum of 2.28 at the opurnal solution (r = 0.524)_!0 2.47 ai r = 7.5 (Figure 3a). This is
almost no variation, considering .thax r varics by 1% orders of magnitude. Over this range in r
the multiple 82'in total catch varies only between 0.926 and 0.918 (Figure 3b), indicating that atl
solutions it the data about equally well. Morcover, the R? exhibils 2 minimum, rather than a
maximum (Figure 3b); 2 maximum would md:catc an optimal solution. The behavior of the loss
function and of the multiple R% can differ because the former is based on log residuals of the

" caiches from individual fisheries, while the latter is based on the arithmetic fit o the iotal catches.

Nonetheless, they generally give similar accounts of a unique solution if one is available.
Although solutions throughout the range are about equally likely, they imply quite

different. things about the stock size. As the assumed value of r increases, the estimate of MSY

increases from aboutdOOOMTpcrycaraxr=02toncady25000mpcrycarnr=75

. (Figure 3c) The comesponding estimates of the undenymg biomass dynamics also are quite

different in scale (Figure 4a). In contrast, estimates of the relative position of the population
biomass in comparison to the stock size at which MSY is achieved are not ncarly so variable



(Figure 4b); all imply that the stock is above MSY level. As would be expected. estimates of
historical fishing mortality rates also vary with the assumption about r (Figure 5).

DISCUSSION

Given a wide range of nearly equivalent solutions, how does one choose among them?
When data do not determine a unique solution, it is often helpful to supply auxiliary information
or addiﬁonal' assumptions. This is ofien done, for example, in catch-at-age analysis (VPA), in
which auxiliary data (abundance indices) are used to help estimate population dynamics near the
end of the data record. On biological grounds, we propose as a working hypothesis that the stock
of yellowfin in the Gulf of Mexico might support a sustainable fishing mortality rate of 0.75 w0
1.5 (in biomass terms) per year. This corresponds to a range of possible values in r of 1.5 t0 3.0;
Prager (1991) estimated 7 = 2.25 for yellowfin in the east Atlantic; based on carch—effort data of
Fonteneau (1989). Under this assumption, MSY is estimated in the range 8 969 MT to 13 550
MT per year (Table 4).

We can look at specific estimates by choosing r = 2.0 as a representative possible value.
Under this assumption, the MSY estimate is about 10 500 MT per year (Table 5), and ASPIC
estimates of current biomass are about 20 000 MT (Figure 4a). This is close to the estimate of
20 800 MT made by Brown er al. (1990) on similar biological grounds. Estimates of fishing
mortality rate under this assumption arc moderate (Figure 5): the highest estimate is in 1988, at

' F =0.40. This estimate must be considersd provisional for two main reasons. First is the lack

of recent data on the Mexican fishery. Second. as we have stated. all the estimates provided here
are exploratory, given the inability to 0btain unique estimates from the dara.

For comparative purposes, ‘we made an additional model fit in which the CPUE index of
Tumer and Scott (1991) was used to “tune” the model, using methodology described by Prager
(1991). This fit was made under the assumption r = 2.0. The tuned and untuned point estimates
of MSY were similar (11.250 MT vs. 10,100 MT), as were the estimates of optimum fishing effort
(20,200 U.S. hooks vs. 18.600 U.S. hooks) and cther parameters. However, bootstrap results from
the fit including the CPUE index had miuch higher variability; the c.v..of MSY was 550%,
compared to 64% for the untuned analysis. The CPUE index shows much more year-to-year
variability in CPUE than the other data series, and this*difference seems (0 cause the added
variability in the estimates. .

These analyses, while certainly not definitive, do represent a first step in examination of
the available fisheries data on yellowfin in the Gulf of Mexico. This work has pointcd out several
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areas of uncertainty. In addition, several methodological and biological improvements could be
made. In common with other models that usc catch and effort data. our procedure cannot make
rcliable estimates of biological benchmarks when the biomass level over time is relatively
constant, as it appears (0 be here (Figurc 4). (An estimate of the starting biomass is usuaily
poorly determined by the data, so the declining trend at the start of Figure 4 may well be an
artifact of the estimation process. Certainly, we would not suggest that it be considered significant
from a management or biological point of view.) The very flamess of the biomass estimates
(Figure 4) suggests that the stock has not been adversely affected by fishing, although any such
interpretation must be made with caution, especially since we do not have recent data on the
Mexican component of the fishery. Another fact that suggests caution is that the highest catch
of yellowfin in the Guif of Mexico was about 7 600 MT by the U.S. fishery in 1988, and that
since that time catches have been considerably lower.

A major unccnéinry in this analysis was distinguishing data on directed effort (a common
difficulty in fishery analyses). For the Japanese data, we uszd a simple method that rejected
records with effort apparently targeted at other species. For expedience, we used quarierly or
annual totals of caich and effort; however, using monthly data would be an improvement. A
further improvement would be o fit a linear model of CPUE including data on operation type.
bait, area, etc.. and thus to arvive at a yearly index of CPUE. A iinear model would use all
available data, rather than rejecting some records outright. A better linear model would use less
aggregated data: the monthly records, or single-set catch and effort data. if available.

Tag returns indicate that yellowfin tuna migrate across the Atlantic (Bard and Scott 1989),
yet the mode! presented here does not include migration. (A more complex, exploratory. model
of yellowfin was presented by Fontencau 1991; that model does include migration). Fox (1977)
incorporated migration into a production model under the hypothesis that the migration rate from
a source stock to a target stock is proportional to the population size of the source stock, relative
to its carrying capacity, and inversely proportional 10 “resources available for migration.” The
resources available are assumed proportional to the difference between the size'of the target stock
and its carrying capacity. One could easily incorporate similar features into the model used here,
although we would prefer 10 assume that the migration rate is independent of the size of the target
stock and depends on the size of the source stock only, as MacCall (1990) has proposed. In
implcmc_ming such a model for yellowfin, we expect the major difficulty o be formulating well-
founded hypotheses about mixing rates, rather than implementing thc mathematics or‘ éaﬁpﬁtcr
programming involved. Although mixing rates could be estimated, along with the other



parameters of the model, from the catch and effort data, it seems doubtful that the data can be

made precise enough 1o support reliable estimates of migration.
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Table 1. Mcan weight estimates of yellowfin caught in the Japanese Jongline fishery in the Gulf
of Mexico. 19631981, Data obtained from ICCAT files.

Year T Sample size (fish) : Mean weight (kg)
1963 - ' 18.90*
1964 - - : 38.90
1965 - ’ 38.90
1966 -~ ' 38.90
1967 . 25 38.90°
1968 - 38.90
1969 ‘ - ' 38.90
1970 1 37.48
1971 418 - 35.86
1972 1422 44.45
1973 4267 ' 3254
1974 1763 © 73668
1975 ‘ 4399 40.96
1976 15664 33.73
1977 4406 34,76
1978 8552 L 4T
1979 : 898 45.86
1980 160 56.97
1981 1808 . : 38.90

* Weight from 1971 was used for years with no data. :
® Estimated weight, 19.9 kg, was not used. Instead, weight from 1971 was substituted.



Table 2. Catch-¢ffori data used in the analysis. Catch is measured in metric tons (MT), effort

Table 3. Results of ASPIC production-model analysis of data in Table 1, The median nmzaan.m are obtained from ».go.m:uﬂ procedure
with 400 replications. The “Estimate @ MSY(50)" column contains the set of parameter estimates that produced the median estimate of
MSY. The nonparametric standard error is the range between the 31st and 69th percentiles, a range that would be one standard deviation
of a normal population. This statistic is robust to outliers. The ronparametric coefficient of .5158.; is the nonparametric standard error

divided by the median. The large differences between the ondinary estimates and the medians is unusual and reflects the maﬁinmmﬂon of
the parameter estimaies,

Parameter Ordinary estimate Bootstrap median Estimate @ MSY(54 Nonparam, std. error Nonparametric C.V.
Msy 6.383 x 10° 3.926 x 10° 3.926 x 10° 2918 x 10° 7435%
Bysy 2437 x 10* 2779 x 104 1.040 x 10° 2333 x 10 83.93%
Fusy 0.2620 0.1486 . 36 x 1072 0.1946 130.97%
Jr sy 9.152 x 107 5.080 x 10° 2.558 x 10°. 4.195 x 107 82.57%
fumsy 1102 x 104 5740 x 10° 5.049 % 10} 4593 x 10° RODI%
Smsy 4947 x 103 2719% 10 1.934 x 10° 2328 x 10° 83.76%
B 63 6320 x 10! 5.985 x 10% 6793 x 104 4.630 x 10* 77.36%.
X 4873 x 10* 5.559 x 104 2.080 x 104 4,666 x 10 83.93%
r 0.5239 0.2972 7552 % 1072 0.3892 130.97%
a 2.862 % 107 2841 x 107 1.476 x 1077 2084 x 1073 73.36%
ay 2378 x 1073 2441 x 1073 7479 x 107¢ 1829 x 107 . 149
an 5.295 x 1073 5.259 x 1073 1.953 x 1073 3577 x 1073 68.02%
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Table 4. Goodness-of-fit statistics and estimates of management parameters from L1 ASPIC production-mode! fits to Japanese, Mexican,
and U.S. catch-effort data on yellowfin tuna in the Gull of Mexico. Except where indicated, the value of » was fixed g priori, and thus
the estimates are conditional on the value of r. In the iast two columns, ¢;;:g; is the ratio of the U.S. catchability coefficient to the

Japanese caichability coefficient; ¢,..q, is 1he ratio of the Mexican catchability coelficient to the Japanese catchability coefficient

Fishing Ratio of Ratio of
Intrinsic rate Loss R-squared in Stock bie- mortality at Fishing effort  calchabilities calchabilities
of increase, r “function total yield MSY mass at MSY MSY rate at M5Y® quqy e
0.20 235 0.926 4955 49550 0.10 244 0.824 1.501
0.50 2.28 0.922 6322 2529 0.25 %73 0.830 1.852
0.52* 2.28 0.922 6383 24370 0.26 9152 0.831 1.850
1.00 232 0.918 7576 15150 0.50 10770 0.828 1.834
1.50 237 0.918 8963 11960 0.75 12760 0.815 1.832
2.00 240 0.919 10490 10490 1.00 14960 0.803 1.831
2.50 242 0.920 12040 9632 1.25 17210 0.793 1.832
300 243 0.921 13550 9030 1.50 15400 0.785 1.832
4.00 245 0.923 16330 8164 2.00 23440 0.775 1.832
5.00 246 ' 0.923 18840 7536 2.50 27100 0.769 1.832
1.50 247 0.924 24210 6457 3.75 34930 0.760 1.832

- * In this case, r was estimated, not fixed a priori,

b Fishing effort is given in units of thousands of Japanese hooks per year. Conversion e units of U.S. or Mexican effort can be made

using the caichability ratios given.

Table 5. Resulis of ASPIC production-model analysis of data in Table 1, assuming r = 2.0. The median estimaies are oblained from a
bootstrap procedure with 400 replications. The “Estimate @ MSY(50)” column contains the sei of parameter estimates that produced the
median estimate of MSY. The nonparametric standard error is the range between the 31st and 69th percentiles, a range that would be
one standard deviation of a normal population. This statistic is robust to outliers. The nonparametric coefficient of variation is the
nonparametric standard error divided by the median. The large differences between the ordinary estimates and the medians is unusual and

reflects the imprecision of the parameter estimates.

Parameter Ordinary estimate Bootsirap median Estimate @ MSY(50) MNonparam. std. ervor Nonparametric C.V.
MSY 1.049 x 10* 8.022 x 10° 8.022 % 10° 5114 % 10° 63.75%
Brsy 1.049 x 104 8.022 x 10° 8.022 x 10 5.114 x 10° 63.75%
Fisy 1.000 LO0O 1.000 0.000 0.00%
frmsy 1.496 x 10 1133 x 104 1.207 x 104 7513 x 10° 66.33% -
fumsy 1.864 x 10* 1350 x 10* 1318 x 10* 1.044 x 10* 71.37%
Tumsy 8.167 x 10° 6.160 x 107 5811 x 10? 4.203 x 10° 68.23%
Bog3 2.527 x 10% 1539 x 104 1.685 x 104 1.034 x 104 L 6L.16%
K 2.098 x 104 1.604 x 104 1.604 x 10* 1.023 x 104 63.75%
r 2000 2,000 2000 0.000 00%
4 6684 x 107 8.828 x 107 8.287 x 1073 4726 x 1073 _ 53.54%
ay 5.364 % 107 7.408 x 1073 7.587 x 107° 4831 x 1073 65.22%

qu 1.224 x 167 1.623 x 107 172t x 107 9.036 x 107 55.66%
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