STATUS OF ALBACORE TUNA IN THE PACIFIC OCEAN
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There are apparently two stocks of albacore, Thunnus alalunga, in the Pacific Ocean, one occur-
ring in the northern hemisphere and the other in the southern hemisphere (Section 3.1.5). Accordingly,
data for all parts of the Pacific Ocean are included in this report, but in many cases albacore of the North
and South Pacific Oceans are discussed separately.

1. EXECUTIVE SUMMARY

There are apparently two stocks of albacore in the Pacific Ocean, one occurring in the northern
hemisphere and the other in the southern hemisphere. Albacore are caught by longliners in most of the
North and South Pacific, but not often between about 10°N and 5°S, by trollers in the eastern and central
North Pacific and the central South Pacific, and by baitboats in the western North Pacific. During the
1980s and 1990s the catches have ranged between about 45 thousand and 75 thousand metric tons in the
North Pacific and between about 25 thousand and 55 thousand metric tons in the South Pacific.

The adults live mostly in the Kuroshio Current, the North Pacific Transition Zone, and the Cali-
fornia Current in the North Pacific and the Subtropical Convergence Zone in the South Pacific, but
spawning occurs in tropical and subtropical waters.

There appear to be two subgroups of albacore in the North Pacific Ocean. The fish of the north-
ern subgroup occur mostly north of 40°N when they are in the eastern Pacific Ocean. There is consider-
able exchange of fish of this subgroup between the troll fishery of the eastern Pacific Ocean and the bait-
boat and longline fisheries of the western Pacific Ocean. The fish of the southern subgroup occur mostly
south of 40°N in the eastern Pacific, and relatively few of them are caught in the western Pacific. Fish
which were tagged in offshore waters of the eastern Pacific and recaptured in the coastal fishery of the
eastern Pacific exhibited different movements, depending on the latitude of release. Most of the recap-
tures of those released north of 35°N were made north of 40°N, and most of the recaptures of those re-
leased south of 35°N were made south of 40°N.

Much less is known about the movements of albacore in the South Pacific Ocean. The juveniles
move southward from the tropics when they are about 35 cm long, and then eastward along the Subtropi-
cal Convergence Zone. When the fish approach maturity they return to the tropics, where they spawn.
Recoveries of tagged fish released in areas east of 155°W were usually made at locations to the east and
north of the release site, whereas those of fish released west of 155°W were usually made at locations to
the west and north of the release site.

Production modeling indicates that the average maximum sustainable yields of albacore in the
North and South Pacific are about 90 thousand and 30 to 35 thousand metric tons, respectively. It should
be noted, however, that in the South Pacific the catches have exceeded 30 thousand metric tons in each of
the last 14 years and 35 thousand metric tons in 8 of the last 14 years. The results of age-structured mod-
eling in the North Pacific indicate that the exploitation rates have declined from about 40 percent during
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the mid-1970s to less than 10 percent since the early 1980s. There does not seem to be any need to re-
strict the fisheries for albacore in either the North Pacific or the South Pacific.

2. DATA
2.1. Definitions of the fisheries
2.1.1. Longline fisheries

Longline vessels of Australia, the Cook Islands, Fiji, French Polynesia, Japan, New Caledonia,
New Zealand, Papua New Guinea, the Peoples Republic of China, the Republic of Korea, the Solomon
Islands, Taiwan, Tonga, the United States, Vanuatu, and Western Samoa fish for tunas, including alba-
core, and billfishes in the Pacific Ocean between about 50°N and 50°S (Kume, 1974; Yoshida, 1975; Bar-
too and Foreman, 1994; Murray, 1994; Park et al., 1994; Caton et al., 1998; Ito et al., 1998; Childers and
Miller, 1999).

2.1.2. Troll fisheries

Albacore are caught in the Pacific Ocean by trolling by vessels of Australia, Canada, French
Polynesia, New Zealand, and the United States (Bartoo and Foreman, 1994; Murray, 1994; Childers and
Miller, 1999).

2.1.3. Baitboat fisheries

Albacore are caught in the Pacific Ocean by baitboats of Japan and the United States (Shiohama,
1973; Kume, 1974; Bartoo and Foreman, 1994; Childers and Miller, 1999).

2.1.4. Gillnet fisheries

From the mid-1970s until the end of 1992 there was a high-seas fishery for tunas and billfishes
carried out with large-meshed gillnets by vessels of Japan, the Republic of Korea, and Taiwan (Bartoo et
al., 1993; Bartoo and Foreman, 1994; Murray, 1994). In addition, small amounts of albacore are caught
in coastal waters of Chile with gill nets which are deployed to catch swordfish (Childers and Miller,
1999).

2.1.5. Purse-seine fisheries

Small amounts of albacore are caught in the North Pacific Ocean by Japanese purse-seine vessels
(Childers and Miller, 1999).

2.1.6. Recreational fisheries

There is an important recreational fishery directed at albacore in California (Clemens and Craig,
1965; Laurs and Dotson, 1992; Childers and Miller, 1999). No information is available on recreational
fisheries for albacore in other parts of the Pacific Ocean.

2.2. Catch and effort data
2.2.1. Commercial fisheries

Data on the commercial catches of albacore are shown in Tables 2.2.1a and 2.2.1b. (The data
were taken from Childers and Miller (1999: Tables 1 and 2). Those tables have numerous footnotes con-
cerning the completeness and accuracy of the data, so anyone who uses these data should examine the
footnotes in that report.) The catches in the North Pacific have exceeded those of the South Pacific, and
have varied more from year to year than those of the South Pacific. The catches by Japanese baitboats in
the North Pacific were greatest from about 1965 through 1980. Large amounts of fish were caught by the
gillnet fisheries of Japan, Korea, and Taiwan from about 1978 through 1992, but, as noted above, the
high-seas gillnet fishery ceased after that.
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Longline fishing takes place throughout most of the Pacific Ocean between about 50°N and 50°S,
but albacore are caught mostly between about 25°N and 45°N and between about 5°S and 45°S (Figure
2.2.1). Information on the distributions of the catches of albacore by U.S. trollers is given by Childers
and Miller (1999: Figures 1 and 3a). Substantial amounts of albacore are caught at the surface near the
coasts of North America and northeastern Asia by trollers and baitboats, respectively, but important
equivalent fisheries do not exist near the coasts of South America and Australia.

2.2.2. Recreational fisheries

Data on the recreational catches of albacore by U.S. vessels are shown in Table 2.2.2. There are
no data available on the recreational catches of albacore by vessels of other nations. Most of the recrea-
tional catches by U.S. vessels are taken off Southern California (Clemens and Craig, 1965: Figures 122-
174).

2.3. Size composition data
2.3.1. Longline fisheries

Length-frequency data for albacore caught by longliners in the Pacific Ocean are given by Honma
and Kamimura (1957: Figures 4, 5, and 9), Otsu and Hansen (1962: Figures 3 and 9-11), Otsu and Su-
mida (1968: Figures 15 and 16), Shiohama (1973: Figures 1 and 2), Yoneta and Saito (1973: Figure 2),
Kume (1974: Figures 10 and 14), Yoshida (1975: Figures 12-13), Kleiber and Baker (1987: Figures 2 and
4-6), and Uosaki and Bayliff (1999: Figures 59-61).

2.3.2. Troll fisheries

Length-frequency data for albacore caught by trollers in the Pacific Ocean are given by Clemens
and Craig (1965: Figures 10-16), Kume (1974: Figure 8), Kleiber and Baker (1987: Figures 2 and 4-6),
Bartoo and Holts (1993: Figure 8), Bartoo et al. (1993: Figures 3-7), and Childers and Miller (1999: Fig-
ures 7 and 8).

2.3.3. Baitboat fisheries

Length-frequency data for albacore caught by baitboats in the Pacific Ocean are given by Kume
(1974: Figure 9) and Kleiber and Baker (1987: Figures 2 and 4-6).

2.3.4. Gillnet fisheries

Length-frequency data for albacore caught by gillnetters in the Pacific Ocean are given by Bartoo
and Holts (1993: Figures 2 and 7-11). The sizes of the fish caught are positively correlated with the mesh
sizes of the nets.

2.3.5. Recreational fisheries
No comprehensive data on the sizes of albacore caught by recreational fishermen are available.
3. ASSUMPTIONS AND PARAMETERS
3.1. Biological and demographic information
3.1.1. Growth

Laurs and Wetherall (1981) estimated the growth rates of North Pacific albacore from tagging
and recapture data, and Labelle et al. (1993) estimated the growth of South Pacific albacore from analysis
of counts of vertebral rings. Their estimates of the parameters of the von Bertalanffy growth equation are
shown in Tables 3.1.1a and 3.1.1b, and estimates of the lengths at age obtained from these equations are
shown in Tables 3.1.1c and 3.1.1d.

Three weight-length equations for Pacific albacore are shown in Table 3.1.1e.

257



3.1.2. Reproduction

The reproduction of albacore in the Pacific Ocean has been studied by Partlo (1955), Ueyanagi
(1957 and 1969), Otsu and Uchida (1959), Otsu and Hansen (1962), Yoneta and Saito (1973), Kume
(1974), Shingu et al. (1974), Nishikawa et al. (1985), Ratty et al. (1990), and Ramon and Bailey (1996).
Albacore larvae appear to be scarce east of 140°W, and most abundant west of 180° (Nishikawa ez al.,
1985), although this could be an artifact of sampling. Partlo (1955) found what he considered to be ma-
ture males and females in the “eastern Pacific,” presumably caught off Canada and/or the United States.
Otsu and Uchida (1959), however, said that albacore “supporting the American west coast summer fish-
ery are non-spawning fish,” and stated that spawning occurs only in tropical and subtropical waters.
Ratty et al. (1990) found mature males, but not mature females, in the South Pacific Subtropical Conver-
gence Zone, between about 35° to 40°S. They said that spawning occurs mostly in Southern Tropical
Convergence waters, between about 10° and 20°S. Spawning occurs in the North Pacific mostly or en-
tirely during the northern summer (Otsu and Uchida, 1959) and in the South Pacific mostly or entirely
during the southern summer (Ramoén and Bailey, 1996).

The minimum lengths at first maturity found by various workers are shown in Table 3.1.2.

Otsu and Sumida (1968) found the percentages of males among albacore caught by the longline
fishery of American Samoa during 1954-1965 to be as follows: all fish, about 50 to 70 percent; fish over
90 cm in length, about 50 to 90 percent. About 62 percent of the fish caught by that fishery during 1962-
1965 were males. Yoneta and Saito (1973) found the percentages of males to range from about 66 to 77
percent for “large” albacore caught in the western South Pacific during 1964-1969.

Ueyanagi (1957) estimated the range of the number of eggs per spawning in the northwestern Pa-
cific to be about 0.8 to 2.6 million, and Otsu and Uchida (1959) obtained estimates of 0.9 to 1.8 million
for fish from Hawaii.

3.1.3. Movement

Information on the movements of albacore in the North Pacific Ocean is given by Clemens
(1961), Otsu and Uchida (1963), Rothschild and Yong (1970), Kume (1974), Kikawa et al. (1977), Laurs
and Lynn (1977 and 1991), and Kimura et al. (1997). According to Laurs and Lynn (1977 and 1991),
there appear to be two subgroups of albacore in the North Pacific Ocean (Section 3.1.5). The fish of the
northern subgroup, when in the eastern Pacific Ocean, occur mostly north of 40°N. There is considerable
exchange of fish of this subgroup between the troll fishery of the eastern Pacific and the baitboat and
longline fisheries of the western Pacific. The fish of the southern subgroup occur mostly south of 40°N in
the eastern Pacific, and relatively few of them are caught in the western Pacific. Fish that were tagged in
offshore waters of the eastern Pacific and recaptured in the coastal fishery of the eastern Pacific exhibited
different movements, depending on the latitude of release. Most of the recaptures of those released north
of 35°N were made north of 40°N, and most of the recaptures of those released south of 35°N were made
south of 40°N. Kimura et al. (1997) state that “the annual migration route for mature albacore is de-
scribed as a closed ellipse with a centre at 20°N and 170°E, and is wider in El Nifio years than in non-El
Nifio years associated with an appearance of a cold-water region in the central and south-western North
Pacific. Immature albacore also have an anticlockwise migration route in winter which extends from
25°N to 35°N and from 130°E to 180°, when the Kuroshio has a relatively straight path. However, the
migration does not persist when the Kuroshio takes a large meander path.”

Much less is known about the movements of albacore in the South Pacific Ocean. According to
Jones (1991) and Murray (1994), the juveniles move southward from the tropics when they are about 35
cm long, and then eastward along the Subtropical Convergence Zone. When the fish approach maturity
they return to the tropics, where they spawn. According to Labelle (1993), recoveries of tagged fish re-
leased in areas east of 155°W were usually made at locations to the east and north of the release site,
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whereas those of fish released west of 155°W were usually made at locations to the west and north of the
release site.

3.1.4. Natural mortality

Suda (1963 and 1966) estimated the coefficient of annual natural mortality, M, for North Pacific
albacore to be 0.2. Suda (1966) estimated M to be 0.2 for 6-year-olds and 0.4, 0.6, and 0.8 for fish at the
end of their sixth, seventh, and eighth years of life, respectively. Bertignac et al. (1999), however, esti-
mated the average M for North Pacific albacore after recruitment to the fishery to be about 0.6, assuming
that about 90 percent of the tagged fish which are recaptured are reported. They performed a sensitivity
analysis which showed that the estimate of M would be about 0.4 if only about 30 percent of the recap-
tures were reported and about 0.2 if only about 15 percent were reported. Estimates of 0.32 to 0.67 for M
were obtained for this report with the method of Pauly (1980), using growth data (Table 3.1.1a) and an
assumed average temperature 17.5°C (Section 3.2).

Fournier ef al. (1998: Figure 7) estimated M for South Pacific albacore to be about 0.2 for 1- to 5-
year-old fish and to increase to about 0.35 for 9-year-old fish. Estimates of 0.17 to 0.30 were obtained for
this report from growth data (Table 3.1.1b) and an assumed average temperature 17.5°C (Section 3.2)
with the method of Pauly (1980). The fact that there are more males than females among the older fish
(Section 3.1.2) may indicate that M is greater for females than for males.

3.1.5. Stock structure

The albacore of the North Pacific Ocean and the South Pacific Ocean have usually been consid-
ered to be separate stocks (Nakamura, 1969; Kume, 1974; Bartoo and Foreman, 1994, Murray, 1994;
Uosaki and Bayliff, 1999). Nakamura (1969) stated that "(1) there is no evidence that the albacore mi-
grate across the Equator in any season, and (2) the population structures of the albacore in the two hemi-
spheres are roughly symmetrical, [which] would indicate that it is reasonable to consider the two popula-
tions as discrete." Chow and Ushiama (1995) analyzed the mitochondrial DNA of albacore caught in the
North and South Pacific, and concluded that there is gene flow between the two areas. However, even
limited exchange of genetic material between two areas is sufficient to maintain genetic homogeneity.

Laurs and Lynn (1977 and 1991) stated that tagging data indicate that there are probably two
"subgroups" of albacore in the North Pacific Ocean, and that the fish of the two subgroups have different
"migratory patterns, modal sizes, growth rates, and spawning periods, although they do not appear to be
genetically distinct." Off North America the boundary between the two subgroups is located at about
40°N. Labelle (1993) noted that tagging data for the South Pacific suggest “the existence of different mi-
gration patterns, as has been hypothesized for the North Pacific population.”

3.2. Environmental influences

In the North Pacific Ocean surface-dwelling albacore inhabit the Kuroshio Current, the North

Pacific Transition Zone (NPTZ), and the California Current. Information on the oceanography of these
regions is given by Reid et al. (1958), Marr (1970), Stommel and Yoshida (1972), Sugawara (1972), Ta-
kenouti (1980), Laurs (1983), Reid (1988), Laurs and Lynn (1991), and Roden (1991). Albacore are most
abundant at 200 to 260 m below the surface, but they have been caught at depths as great as 380 m with
experimental vertical longlines. The greatest catches of albacore are made in areas with sea-surface tem-
peratures (SSTs) of about 16° to 19°C, but acoustic tracking experiments have revealed that 3- to 5-year-
old fish spend most of their time in or near the thermocline, where the temperatures can be as low as 10°C
(Laurs and Lynn, 1991). Albacore, like the other tunas, have countercurrent heat exchangers which en-
able them to spend significant amounts of time in deeper, colder water. They are apparently restricted to
waters with dissolved oxygen saturations greater than 60 percent (Graham and Laurs, 1982). Also, there
is evidence that albacore tend to remain in waters with greater clarity than adjacent waters, possibly be-
cause they are better able to see their prey in clearer water (Laurs, 1983). Laurs et al. (1984) found ag-
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gregations of albacore in “pockets of warm, blue oceanic water intruding into the boundary between oce-
anic and cooler greenish coastal waters” off California.

In the South Pacific Ocean albacore inhabit the Subtropical Convergence Zone, which is analo-
gous to the NPTZ (Labelle, 1993). Information on the oceanography of the South Pacific Ocean is given
by Knox (1970). Fournier ef al. (1998) noted that “the spawning seasons corresponding to low recruit-
ments match well with the occurrence of El Nifio episodes (negative values of the Southern Oscillation
Index) in the Pacific Ocean,” and vice versa.

4. STOCK ASSESSMENT
4.1. Indices of abundance

Indices of abundance of albacore in the North Pacific Ocean have been calculated by Laurs et al.
(1976: troll fishery), Bartoo and Weber (1979: longline, troll, and baitboat fisheries), Kleiber and Perrin
(1991: troll fishery), and Uosaki and Bayliff (1999: Figure 25, longline fishery east of 150°W). The
longline data of Bartoo and Weber (1979: Figure 5) indicate that the abundance of albacore decreased
from 1952 to 1963, and then remained at about the same level from 1963 to 1976. Their troll (their Fig-
ure 3) and baitboat (their Figure 4) data do not show clearcut upward or downward trends from 1961 to
1976. Kleiber and Perrin (1991) showed that the distribution of surface-dwelling albacore is patchy, and
that during the period of their study, 1961-1988, the ability of the fishermen to locate high concentrations
of fish had increased. The unadjusted data indicate that the abundance of albacore had neither increased
nor declined during the 1961-1988 period, whereas the adjusted data indicate that the abundance of alba-
core had declined during that period (their Figure 2).

Indices of abundance of albacore in the South Pacific Ocean have been calculated by Otsu and
Sumida (1968: Figure 9), Skillman (1975: Figure 10), Yoshida (1975: Figures 2 and 5), Yeh and Wang
(1996: Figures 5 and 6), Uosaki and Bayliff (1999: Figure 25, east of 150°W), and Wang (1999: Figure
4), all of whom used longline data. In every case the data show declines in the abundance of the fish.

4.2. Assessment models

Three general types of models, age-structured models, spawner-recruit models, and production
models, all of which are described by Anonymous (2000: 51-65), are used to assess the condition of
stocks of fish. All three types of models require that the analyses be done with a discrete stock of fish.
As stated in Section 3.1.5, there appear to be two stocks of albacore in the Pacific Ocean, the North Pa-
cific stock and the South Pacific stock.

4.2.1. North Pacific albacore

Assessment of the North Pacific stock of albacore has been conducted by Bartoo and Weber
(1979), Bartoo and Shiohama (1984), Kleiber and Baker (1987), Kleiber and Perrin (1991), and Bertignac
et al. (1999).

Age-structured modeling of albacore in the North Pacific has been carried out by Bartoo and We-
ber (1979), Kleiber and Baker (1987), and Bertignac et al. (1999). Bartoo and Weber (1979) estimated
that the yields per recruitment of North Pacific albacore during the 1955-1970 and 1971-1976 periods
were approximately as follows: northeastern Pacific troll fishery, 2.6 and 1.6 kg; northwestern Pacific
baitboat fishery, 3.0 and 4.3 kg; North Pacific longline fishery, 2.5 and 0.4 kg; three fisheries combined,
8.0 and 6.0 kg. They stated that decreases in effort and increases in age at first capture would benefit both
the longline fishery and the fishery as a whole. They noted, however, that increases in effort would bene-
fit the troll fishery of the northeastern Pacific. The results of Kleiber and Baker (1987) and Bertignac et
al. (1999) indicate that the fishing mortality rate for North Pacific albacore is relatively low. Kleiber and
Baker (1987) conducted a simulation study to estimate the interactions among the three fisheries, using
Suda’s (1966) estimate of M = 0.2. Their estimates of the effects of doubling and halving the fishing ef-
fort for each fishery are presented in Table 4.2.1. Doubling the effort for a fishery would increase the
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catch by that fishery by 85 to 98 percent and decrease those of the other two fisheries by 0.1 to 7.5 per-
cent, and halving the effort for a fishery would decrease the catch by that fishery by 48 to 50 percent and
increase those of the other two fisheries by 0.1 to 4.1 percent. Obviously, the interaction among the three
fisheries is minimal, which means, of course, that the fishing mortality rates are low relative to the value
of M used in their simulations. If they had used a higher value of M the effects of the various fisheries on
the other fisheries would have been even less. Bertignac ef al. (1999 ) used tagging data to estimate the
exploitation rates of North Pacific albacore, and concluded that these had been about 40 percent (F =
0.51) during the mid-1970s, but have been less than 10 percent (F = 0.11) since the early 1980s.

Bartoo and Weber (1979), who discussed spawner-recruit relationships of North Pacific albacore,
said that their data, “although variable, indicate some depression in both spawning stock and recruitment
from virgin levels.”

Bartoo and Shiohama (1984) carried out a production model analysis, with estimates of the sensi-
tivity of the results to measurement errors in the data. They used catch and standardized catch-per-unit-
of-effort (CPUE) data for the North Pacific longline, northeastern Pacific troll, and northwestern Pacific
baitboat fisheries for 1961-1981 to calculate standardized effort data for that period. The average maxi-
mum sustainable yield (AMSY) for the North Pacific was estimated to be about 89 thousand tons, with
possible errors of plus or minus 20 percent, which would result in a range of about 71 to 108 thousand
tons. The optimum effort was estimated to be about 134 thousand units, with a range of 107 thousand to
162 thousand units. The estimates of AMSY are insensitive to errors in the estimates of effort, but sensi-
tive to errors in the estimates of catch. The estimates of optimum effort are insensitive to errors in catch,
but sensitive to errors in the estimates of effort. The optimum effort was nearly reached in 1976, when
the catch was 121,106 tons, and in 1978, when the catch was 90,300 tons. It should be noted that the fit
of the catch and effort data to the dome-shaped curve (their Figure 1) was poor. Kleiber and Perrin
(1991) showed that during the 1961-1988 period the ability of the troll fishermen to locate high concen-
trations of fish had been increasing, which would create a bias in Bartoo and Shiohama’s (1984) estimates
of fishing effort.

4.2.2. South Pacific albacore

Stock assessment of the South Pacific stock of albacore has been conducted by Skillman (1975),
Yeh and Wang (1996), Fournier et al. (1998), and Wang (1999).

Fournier ef al. (1998) used catch and effort data and length composition data in an age-structured
model, MULTIFAN-CL, which estimates selectivity and catchability coefficients, growth parameters and
age composition of the catch, natural and fishing mortality rates, movement parameters, and population
biomass and recruitment. They showed that the relative biomass of albacore reached a maximum during
the 1970s, and subsequently declined. They did not make any statements regarding whether the stock was
over- or underfished.

Skillman (1975), Yeh and Wang (1996), and Wang (1999) all used catch and CPUE data for the
longline fishery and production models to assess the status of the stock of albacore in the South Pacific
Ocean. Skillman estimated the average maximum sustainable yield (AMSY) to be about 33,000 to
35,000 metric tons. Yeh and Wang (1996) used the method of Honma (1974) and a general linear model
to standardize catch and effort data for the Japanese, Korean, and Taiwanese fisheries, and then used
these data to estimate the parameters of the symmetrical production model. The data from the Honma and
general linear models produced estimates of 31,320 and 31,620 metric tons, respectively, for the AMSY.
Wang (1999), using the method of Schnute (1977), estimated the AMSY to be 30,806 metric tons. It
should be noted that the fits of the catch and effort data to the various dome-shaped curves were poor
(Skillman, 1975: Figure 11; Yeh and Wang, 1996: Figure 8).
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4.3. Comparison to external data sources

Fournier ef al. (1998) stated that, “although further questions concerning the albacore analysis
need exploration, the consistency of the model results with various exogenous data sets is encouraging.
These include the consistency of MULTIFAN-CL length-at-age estimates with those previously derived
from vertebral ring counts [Labelle ef al., 1993], the consistency of age-dependent natural mortality rate
estimates with changes in albacore sex ratio with size and with the onset of female reproductive maturity
[Ramon and Bailey, 1996], and the apparent relationship between variation in estimated recruitment and
variation in the Southern Oscillation Index.”

4.4. Sensitivity to assumptions

Bartoo and Shiohama’s (1984) production model analysis, summarized in Section 4.2.1, included
estimates of the sensitivity of the results to measurement errors in the data. Analyses to determine the
sensitivity of estimates of the natural mortality rates to assumptions regarding tag reporting rates were
carried out by Bertignac et al. (1999). These are summarized in Section 3.1.4.

5. STOCK STATUS

Albacore are apparently not overfished in either the North Pacific or the South Pacific.
6. FUTURE DIRECTIONS
6.3. Specification of management objectives

Fournier ef al. (1998) made two suggestions for future research. “First, the results of the model
could be cast in a form suitable for comparison with limit or target reference points., as envisaged by the
recent United Nations agreement on straddling and highly migratory fish stocks... Second, forward pro-
jections could be a useful short-term forecasting tool for both the surface and longline fisheries, particu-
larly if the predictability of recruitment from environmental variables is confirmed.”
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FIGURE 2.2.1. Distributions of the catches per hook of albacore by Japanese longliners, averaged over the 1952-1976 period (after Foreman,

1980: Figure 14).

FIGURA 2.2.1. Distribucion de las capturas por anzuelo de albacora por palangreros japoneses, promediada sobre el periodo de 1952-1976 (de

Foreman, 1980: Figura 14).
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TABLE 2.3.1a. Commercial catches of albacore in the North Pacific Ocean, by gear type and flag of
vessel (after Childers and Miller, 1999: Table 1). The country codes are listed at the bottom of the table.
TABLA 2.3.1a. Capturas comerciales de albacora en el Océano Pacifico norte, por arte de pesca y pabe-
116n de buque (de Childers y Miller, 1999: Tabla 1). Al pie de la tabla se explican los codigos de paises.

Longline--Palangre

Baitboat--Carnada

Troll-Currican

JPN KOR TWN  USA Total JPN USA Total CAN USA Total
1952 | 26,687 46 26,733 | 41,786 41,786 71 23,843 23,914
1953 | 27,777 22 27,799 | 32,921 32,921 5 15,7740 15,745
1954 | 20,958 14 20,972 | 28,069 28,069 12,246 12,246
1955 | 16,277 7 16,284 | 24,236 24,236 13,264 13,264
1956 | 14,341 6 14,347 | 42,810 42,810 17 18,751 18,768
1957 | 21,053 4 21,057 | 49,500 49,500 8 21,165 21,173
1958 | 18,432 7 18,439 | 22,175 22,175 74 14,855 14,929
1959 | 15,802 5 15,807 | 14,252 14,252 212 20,990 21,202
1960 | 17,369 4 17,373 | 25,156 25,156 5 20,100 20,105
1961 17,437 6 17,443 | 18,636 2,837 21,473 4 12,055 12,059
1962 | 15,764 8 15772 | 8729 1,085 9,814 1 19,752 19,753
1963 | 13,464 7 13,471 | 26,420 2,432 28,852 5 25,140 25,145
1964 | 15,458 26 4 15,488 | 23,858 3,411 27,269 3 18,388 18,391
1965 | 13,701 261 3 13,965 | 41,491 417 41,908 15 16,542 16,557
1966 | 25,050 271 9 25330 | 22,830 1,600 24,430 44 15,333 15,377
1967 | 28,869 635 12 29,516 | 30,481 4,113 34,594 161 17,814 17,975
1968 | 23,961 698 10 24,669 | 16,597 4,906 21,503 1,028 20,434 21,462
1969 | 18,006 634 12 18,652 | 32,107 2,996 35,103 1,365 18,827 20,192
1970 | 15,372 1,516 9 16,897 | 24376 4,416 28,792 390 21,032 21,422
1971 11,035 1,759 11 12,805 | 53,198 2,071 55,269 | 1,746 20,526 22,272
1972 | 12,649 3,091 8 15,748 | 60,762 3,750 64,512 | 3,921 23,600 27,521
1973 | 16,059 128 14 16,201 | 69,811 2,236 72,047 1,400 15,653 17,053
1974 | 13,053 570 8 13,631 | 73,576 4,777 78,353 1,331 20,178 21,509
1975 | 10,060 2,463 1,494 29 14,046 | 52,157 3,243 55,400 111 18,932 19,043
1976 | 15,896 859 1,251 18 18,024 | 85,336 2,700 88,036 278 15,905 16,183
1977 | 15,737 792 873 23 17,425 | 31,934 1,497 33,431 53 9,969 10,022
1978 | 13,061 228 284 54 13,627 | 59,877 950 60,827 23 16,613 16,636
1979 | 14,249 259 187 27 14,722 | 44,662 303 44,965 521 6,781 7,302
1980 | 14,743 597 318 9 15,667 | 46,743 382 47,125 212 7,556 7,768
1981 18,020 459 339 4 18,822 | 27,426 748 28,174 200 12,637 12,837
1982 | 16,762 387 559 40 17,748 | 29,615 425 30,040 104 6,609 6,713
1983 | 15,103 454 520 95 16,172 | 21,098 607 21,705 225 9,359 9,584
1984 | 15,111 136 471 113 15,831 | 26,015 1,030 27,045 50 9304 9,354
1985 | 14,320 291 109 130 14,850 | 20,714 1,498 22,212 56 6415 6471
1986 | 12,945 241 148 13,334 | 16,096 432 16,528 30 4,708 4,738
1987 | 14,642 182 150 14,974 | 19,091 158 19,249 104 2,766 2,870
1988 | 13,904 109 38 308 14,359 | 6,216 598 6,814 155 4,212 4,367
1989 | 13,194 81 544 249 14,068 | 8,629 54 8,683 140 1,860 2,000
1990 | 15,928 20 287 177 16,412 | 8,532 115 8,647 302 2,603 2,905
1991 10,379 3 353 312 11,047 | 7,103 7,103 139 1,845 1,984
1992 | 19,149 43 300 335 19,827 | 13,888 13,888 363 4,572 4935
1993 | 29,616 43 1,494 439 31,592 | 12,809 12,809 494 6,254 6,748
1994 | 29,612 43 1,586 546 31,787 | 26,391 26,391 836 10,978 11,814
1995 | 28,677 43 3,789 873 33,382 | 20,981 20,981 1,415 8,200 9,615
1996 | 28,677 43 4,596 1,188 34,504 | 23,383 23,383 544 16,346 16,890
1997 | 28,677 43 4,596 1,648 34,964 | 23,383 23,383 477 14,151 14,628
1998 | 28,677 43 4,596 1,121 34,437 | 23,383 6 23,389 680 14,682 15,362
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TABLE 2.3.1a. (continued)
TABLA 2.3.1a. (continuacion)

Gillnet — Red agallera Purse seine - Cerco Other - Otros Total
JPN KOR TWN USA Total | JPN USA Total | JPN MEX USA Total

1952 154 154| 237 237 92,824
1953 38 38| 132 132| 76,635
1954 23 23 38 38| 61,348
1955 8 8 136 136| 53,928
1956 57 57| 75,982
1957 83 83 151 151 91,964
1958 8 8 124 124| 55,675
1959 67 5 72| 51,333
1960 76 4 80| 62,714
1961 7 71 268 6 274 51,256
1962 53 531 191 8 199| 45,591
1963 59 59| 218 7 225 67,752
1964 128 128/ 319 4 3231 61,599
1965 11 1) 121 3 124| 72,565
1966 111 111 585 9  594| 65,842
1967 89 89| 520 12 532] 82,706
1968 267 267| 1,109 10 1,119] 69,020
1969 521 521| 1,480 12 1,492] 75,960
1970 317 317) 794 9 803] 68,231
1971 902 902| 367 11 378 91,626
1972 1 1 277 277 646 100 8  754| 108,813
1973 39 39 1,353 1,353 533 14 547 107,240
1974| 224 224|161 161 959 1 9  969| 114,847
1975 166 166/ 159 159 254 1 43 298| 89,112
1976 | 1,070 1,070| 1,109 1,109] 285 36 27 348| 124,770
1977 688 688 669 669 379 36 415] 62,650
1978 | 4,029 4,029| 1,115 1,115 2,097 1 69 2,167 98,401
1979 | 2,856 2,856 125 125 1,158 1 31 1,190 71,160
1980 | 2,986 6 2,992 329 329 1,209 31 24 1,264 75,145
1981(10,348 16 10,364 252 252 904 8 60 972 71,421
1982(12,511 113 12,624| 561 561 732 7 84 823 68,509
1983 | 6,852 233 7,085 350 350 125 33 213 371 55,267
1984 | 8,988 516 9,504 3,380 3,728 7,108 518 113 138 769 69,611
1985(11,204 576 2 11,782 1,533 1,533 407 49 83 539| 57,387
1986 | 7,813 726 3 8,542 1,542 1,542 650 3 106 759 45,443
1987| 6,698 817 2,514 5 10,034| 1,205 1,205 189 7 136 332| 48,0664
1988 | 9,074 1,016 7,389 15 17,494 1,208 1,208 177 15 318 5100 44,752
1989 | 7,437 1,023 8,350 4 16,814| 2,521 2,521 466 2 272 740 44,826
1990| 6,064 1,016 16,701 29 23,810 1,995 71 2,066 253 2 181 436 54,276
1991 3,401 852 3,398 17 7,668 2,652 2,652 399 384 783 31,237
1992 2,721 271 7,866 10,858 4,104 4,104| 1,534 408 1,942 55,554
1993 | 287 287 2,889 2,889 867 331 1,198| 55,523
1994| 263 38 301| 2,026 2,026 799 712 1,511 73,830
1995| 282 40  322| 1,177 1,177) 937 1,096 2,033 67,510
1996 | 282 38  320[ 240 11 2511 937 937 76,285
1997| 282 38 320[ 240 2 2421 937 937 74,474
1998 282 58 340 39 279 937 1 938| 74,745
CAN: Canada-Canada; JPN: Japan-Japon; KOR: Republic of Korea-Republica de Corea; MEX: Mexico-

México; TWN: Taiwan; USA: United States-Estados Unidos
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TABLE 2.3.1b. Commercial catches of albacore in the South Pacific Ocean, by gear type and flag of vessel (after
Childers and Miller, 1999: Table 2). ). The country codes are listed at the bottom of the table.

TABLA 2.3.1b. Capturas comerciales de albacora en el Océano Pacifico sur, por arte de pesca y pabellon de buque
(de Childers y Miller, 1999: Tabla 1). Al pie de la tabla se explican los codigos de los paises.

Longline—Palangre

AUS FJI JPN KOR NCL NZL PYF SLB TON TWN USA VUT WSM Other Total
1952 154 154
1953 803 803
1954 9,578 9,578
1955 8,625 8,625
1956 7,281 7,281
1957 8,757 8,757
1958 18,490 146 18,636
1959 17,385 456 17,841
1960 21,638 610 22,248
1961 23,412 330 23,742
1962 34,620 599 35,219
1963 29,120 1,367 608 31,095
1964 19,390 2,911 629 22,930
1965 17,793 6,405 1,640 25,838
1966 21,627 10,817 6,669 39,113
1967 15,104 13,717 11,497 40,318
1968 6,659 10,138 12,254 29,051
1969 4,894 9,963 9,503 24,360
1970 5,297 11,599 14,484 31,380
1971 3,472 14,482 15,871 33,825
1972 3,027 14,439 16,674 34,140
1973 2,55017,452 4 17,741 37,747
1974 1,868 12,194 16,857 30,919
1975 1,333 9,015 16,056 26,404
1976 2,054 9,058 6 13,206 24,324
1977 2,328 11,229 9 21,429 34,995
1978 2,84511,658 9 20,702 35,214
1979 2,274 11,411 21 14,987 28,693
1980 2,216 10,449 25 17,998 30,688
1981 4,203 13,342 2 14,390 31,937
1982 4,899 10,769 8 10612,634 28,416
1983 5,723 7,069 12 19 143 12,069 5 25,040
1984 3,804 5,321 112 19  13511,155 20,555
1985 3,86813,544 131 12 174 9,601 11 27,341
1986 4,426 15,877 179 20611,913 32,601
1987 129 4,490 6,821 563 252 15,009 27,264
1988 107 7,469 6,563 584 24217,120 1 32,086
1989 93 3 5,828 5,151 566 19 19510,867 22,722
1990 51 68 6,573 3,947 1,053 249 20 15211,619 423,736
1991 213 208 4,468 1,866 909 325 100 171 16,508 1 24,769
1992 192 243 3,814 2,271 692 706 195 199 20,956 29,268
1993| 226 463 8,381 1,083 755 221 714 23117,701 228 130,004
1994, 351 586 7,151 840 474 913 343 19,731 35 641 29 31,094
1995| 401 665 6,326 8 332 427 772 204 37912775 52 112 1,883 43 24,379
1996| 408 1,024 3,847 215 414 480 1,462 1,154 49411,909 99 287 2,470 49 24,312
1997\ 302 1,197 4,625 845 267 323 2,587 608 49415,662 271 17 4,387 101 31,686
1998 480 1,207 4,625 2,680 860 323 2,587 370 49415,101 326 17 6,508 36 35,614
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TABLE 2.3.1b. (continued)
TABLA 2.3.1b. (continuacion)

., . Baitboat—
Troll--Currican Gillnet—Red agallera Carnada | Total
AUS NZL PYF USA Total | CHL JPN KOR TWN Total JPN
1952 154
1953 803
1954 9,578
1955 8,625
1956 7,281
1957 8,757
1958 18,636
1959 17,841
1960 45 22,293
1961 23,742
1962 35,219
1963 16 31,111
1964 22,930
1965 25,838
1966 39,113
1967 5 5 40,323
1968 14 14 29,065
1969 24,360
1970 100 50 150 31,530
1971 100 100 33,925
1972 100 268 368 34,508
1973 100 484 584 38,331
1974 100 898 998 31,917
1975 100 646 746 27,150
1976 100 25 125 24,449
1977 100 621 721 35,716
1978 100 1,686 1,786 37,000
1979 100 814 914 29,607
1980 100 1,468 1,568 19 32,275
1981 5 2,085 2,090 8 34,035
1982 6 2434 2,440 1 30,857
1983 7 744 751 32 32 2 25,825
1984 8 2,773 2,781 1,581 1,581 24,917
1985 9 3,253 3,262 1,928 1,928 32,531
1986 10 1,911 92 2,013 1,936 1,936 36,550
1987 11 1,227 751 1,989 919 919 30,172
1988 12 330 3,253 3,595 4,271 1,000 5,271 40,952
1989 13 5,161 102 3,280 8,556 13,263 172 8,520 21,955 53,233
1990 15 2,143 299 3,922 6,379 5,667 1,859 7,526 37,641
1991 20 2,236 326 5,540 8,122 1,394 1,394 34,285
1992 70 3,708 72 3,055 6,905 49 36,222
1993 55 3,282 45 1,036 4,418 5 34,427
1994 70 5,094 530 5,694 2 36,790
1995 25 5,760 184 2,092 8,061 15 15 32,455
1996 25 5,157 69 2,186 7,437 21 21 31,770
1997 25 3,303 24 1,403 4,755 36,441
1998 35 3,303 24 1,764 5,126 40,740

AUS: Australia; CHL: Chile; FJI: Fiji; JPN: Japan-Japon; KOR: Republic of Korea-Republica de Corea;
NCL: New Caledonia-Nueva Caledonia; NZL: New Zealand-Nueva Zelanda; PYF: French Polynesia-
Polinesia Francesa; SLB, Solomon Islands-Islas Salomén; TON; Tonga; TWN: Taiwan; USA: United States-
Estados Unidos; VUT: Vanuatu; WSM: Western Samoa-Samoa Occidental

267



TABLE 2.3.1¢c. Recreational catches of albacore by U.S. vessels (after Childers and Miller, 1999:
Table 1).

TABLA 2.3.1¢c. Capturas deportivas de albacora por barcos de EE.UU. (de Childers y Miller,
1999: Tabla 1).

Year--Afio  Catch--Captura | Year--Afio  Catch--Captura | Year--Afio  Catch--Captura
1952 1,373 1968 951 1984 1,427
1953 171 1969 358 1985 1,176
1954 147 1970 822 1986 196
1955 577 1971 1,175 1987 74
1956 482 1972 637 1988 64
1957 304 1973 84 1989 160
1958 48 1974 94 1990 24
1959 0 1975 640 1991 6
1960 557 1976 713 1992 2
1961 1,355 1977 537 1993 25
1962 1,681 1978 810 1994 106
1963 1,161 1979 74 1995 102
1964 824 1980 168 1996 51
1965 731 1981 195 1997 744
1966 588 1982 257 1998 1,153
1967 707 1983 87 1999

TABLE 3.1.1a. Growth parameters of North Pacific albacore estimated by Laurs and Wetherall (1981:
Table 3), and natural mortality parameters estimated for this report by the method of Pauly (1980).
Method BGC4 involved the use of a computer program by that name. The sequential method, for which
L, is set at 125 cm, is described by Laurs and Wetherall (1981). Group A: all fish recaptured inshore
south of 40°N except those released inshore north of 40°N; Group B: all fish recaptured inshore north of
40°N except those released inshore south of 40°N; Group C: all fish recaptured west of 180°.

TABLA 3.1.1a. Parametros de crecimiento de albacora del Pacifico norte estimados por Laurs y Wet-
herall (1981: Tabla 3), y parametros de mortalidad natural estimados par este informe con el método de
Pauly (1980). En el método BGC4 se us6 un programa de computadora del mismo nombre. El método
secuencial, para el cual se fija L, en 125 cm, es descrito por Laurs y Wetherall (1981). Grupo A: todos los
peces recapturados cerca de la costa al sur de 40°N excepto aquéllos liberados cerca de la costa al norte
de 40°N; Grupo B: todos los peces recapturados cerca de la costa al norte de 40°N excepto aquéllos libe-
rados cerca de la costa al sur de 40°N; Grupo C: todos los peces recapturados al oeste de 180°.

Method Recapture group Sample size L, (cm) K (annual) Mortality

Método Grupo de recaptura Tamaifo muestra L., (cm) K (anual) Mortalidad
1 A 221 94.5 0.505 0.67
2 B 75 107.5 0.272 0.43
3 BGC4 C 114 98.5 0.345 0.52
4 B+C 189 102.1 0.310 0.48
5 A+B+C 410 100.9 0.342 0.51
6 A 221 125.0 0.231 0.37
7  Sequential B 75 125.0 0.193 0.33
8 - C 114 125.0 0.184 0.32
9  Secuencial B+C 189 125.0 0.185 0.32
10 A+B+C 410 125.0 0.199 0.34
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TABLE 3.1.1b. Growth parameters of South Pacific albacore estimated by Labelle et al. (1993: Table 3),
and natural mortality parameters estimated for this report by the method of Pauly (1980).

TABLA 3.1.1b. Parametros de crecimiento de albacora del Pacifico sur estimados por Labelle et al.
(1993: Tabla 3), y parametros de mortalidad natural estimados para este informe con el método de Pauly
(1980).

Sex Sample size Ages L(cm) K (annual) to Mortality
Sexo Tamafio muestra Edad  L.(cm) K (anual) fy Mortalidad
1 male 70 2-10 1220 0.168 -0.907 0.30
macho
,  female 58 29 169.3 0.077 2.573 0.17
hembra
3 both 484 2-11 121.0 0.134 -1.922 0.26
ambos

TABLE 3.1.1c. Estimated lengths, in centimeters, at age of North Pacific albacore, calculated from the
data in Table 3.1.1a.

TABLA 3.1.1c. Talla estimada (cm) a edad para albacora del Pacifico norte, calculadas a partir de los
datos en la Tabla 3.1.1a.

Age in years — Edad en afios

1 2 3 4 5 6 7 8 9 10
1 37 60 74 82 87 90 92 93 93 94
2 26 45 60 71 80 86 91 95 98 100
3 29 49 64 74 81 86 90 92 94 95
4 27 47 62 73 80 86 90 94 96 98
5 29 50 65 75 83 88 92 94 96 98
6 26 46 62 75 86 94 100 105 109 113
7 22 40 55 67 77 86 93 98 103 107
8 21 38 53 65 75 84 91 96 101 105
9 21 39 53 65 75 84 91 97 101 105
10 37 60 74 82 87 90 92 93 93 94

TABLE 3.1.1d. Estimated lengths, in centimeters, at age of South Pacific albacore, calculated from the
data in Table 3.1.1b.

TABLA 3.1.1d. Tallas estimadas (cm) a edad para albacora del Pacifico norte, calculadas a partir de los
datos en la Tabla 3.1.1b.

Age in years — Edad en afios

1 2 3 4 5 6 7 8 9 10
1 33 47 59 69 77 84 90 95 99 103
41 50 59 67 75 82 88 94 100 105
3 39 49 58 66 73 79 84 89 93 97
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TABLE 3.1.1e. Equations for converting lengths, in centimeters, to weights, in kilograms, for albacore.
TABLA 3.1.1e. Ecuaciones para convertir tallas, en cm, a pesos, en kg, para albacora.

Sample size Length range

Area Equations Reference
(cm)
Zona Tamano Rango de Ecuaciones Referencia
muestra talla (cm)
Eastern Pacific -- w=(2.1875 x 10°)/**
Pacifico oriental 1,073 38100006 w=2.9910g7 46601 Clemens, 1961
Hawaii and r}f)rthern’ Paci- w=(2.5955 x 1092 Nakamura and
fic — Hawaii y Pacifico 200 50-128 Uchi 1966
notte logw = 2.9495log/ — 4.5858 “chtyama,
American Samga (landed) w=(8.8405 x 10°)"?  \p i amura and
— Samoa Americana (des- 887 78-108 Uchi 1966
Cargado) 10gW = 2682210g1 —4.0535 Chryama,

TABLE 3.1.2. Minimum lengths at first maturity of albacore found by various workers.
TABLA 3.1.2. Tallas minimas de primera madurez encontradas por varios investigadores.

Length in centimeters

Area Sex at first maturity Reference
Area Sexo Talla en centm‘letros Referencia
de madurez primera
northeastern Pacific male 70 Partlo, 1955
female 69
. male 97 . L
Northwestern Pacific fenale 90 Ueyanagi, 1957: Figure 6
Hawaii female 90 Otsu and Uchida, 1959: Figure 11
South Pacific male 20 Otsu and Hansen, 1962: Figure 7
female 84
South Pacific male 71 Ratty et al., 1990: Figure 9
South Pacific female 82 Ramon and Bailey, 1996: 730
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TABLE 4.2.1. Interactions among the troll, baitboat, and longline fisheries for North Pacific albacore
when the fishing effort for one fishery is doubled or halved and those for the other two fisheries are not
changed (after Kleiber and Baker, 1987: Table 3).
TABLA 4.2.1. Interacciones entre las pesquerias con currican, carnada, y palangre de albacora del Paci-
fico norte al multiplicar o dividir por dos el esfuerzo de pesca de una pesqueria y no cambiar el esfuerzo
de las otras dos (de Kleiber y Baker, 1987: Tabla 3).

Changes in weights (thousands of tons) and percentages

Effort hglflggélrir Troll Baitboat Longline All gears
Weight Percent Weight Percent Weight Percent Weight Percent
Multipli- Cambios en peso (miles de toneladas) y porcentajes
Esfuerzo  cador de Currican Carnada Palangre Todas artes
esfuerzo Peso % Peso % Peso % Peso %
Troll - 2.0 +17.09 4933 -0.69 -1.3 -0.24 25 +l16.16 +18.4
Currican 0.5 -9.00 -49.1 +0.37 +0.7 +0.12 +1.3 -8.51 -9.4
Baitboat - 2.0 -0.27 -1.5  +46.88 +85.1 -0.71 -7.5  +4590  +50.8
Carnada 0.5 +0.14 +0.8  -26.43 -47.8 +0.39 +4.1  -25.90 -28.7
Longline - 2.0 -0.02 -0.1 -0.21 -0.4 +9.32 1984 +9.09  +10.1
Palangre 0.5 +0.01 +0.1 +0.11 +0.2 -4.72 -49.8 -4.60 -5.1
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Hay aparentemente dos stocks de albacora, Thunnus alalunga, en el Océano Pacifico, uno en el
hemisferio norte y el otro en el hemisferio sur (Seccion 3.1.5). Se incluyen en este informe datos
correspondientes a todas partes del Océano Pacifico, pero en muchos casos se comentan la albacora del
Pacifico norte y sur por separado.

1. RESUMEN EJECUTIVO

Hay aparentemente dos stocks de albacora en el Océano Pacifico, uno en el hemisferio norte y el
otro en el hemisferio sur. La especie es capturada por palangreros en la mayor parte del Pacifico norte y
sur, pero rara vez entre aproximadamente 10°N y 5°S, por curricaneros en el Pacifico oriental, central
norte y central sur, y por barcos de carnada en el Pacifico occidental norte. Durante los afios 1980 y 1990
las capturas variaron entre unas 45 mil y 75 mil toneladas en el Pacifico norte y unas 25 mil y 55 mil
toneladas en el Pacifico sur.

Los adultos viven principalmente en la Corriente de Kuroshio, la Zona de Transicion del Pacifico
Norte, y la Corriente de California en el Pacifico norte y la Zona de Convergencia Subtropical en el
Pacifico sur, pero el desove ocurre en aguas tropicales y subtropicales.

Parecen haber dos subgrupos de albacora en el Océano Pacifico norte. Los peces en el subgrupo
nortefio ocurren principalmente al norte de 40°N cuando estan en el Pacifico oriental. Ocurre un
intercambio considerable de peces de este subgrupo entre la pesqueria curricanera del Pacifico oriental y
las pesquerias con carnada y palangre del Pacifico occidental. Los peces del subgrupo surefio ocurren
principalmente al sur de 40°N en el Pacifico oriental, y se capturan relativamente pocos de éstos en el
Pacifico occidental. Peces marcados en alta mar en el Pacifico oriental y recapturados en la pesqueria
costera del Pacifico oriental mostraron desplazamientos distintos, segun la latitud en la que fueron
marcados. La mayoria de los peces recapturados al norte de 40°N fueron marcados al norte de 35°N, y la
mayoria de aquéllos recapturados al sur de 40°N fueron marcados al sur de 35°N.

Se sabe mucho menos acerca de los desplazamientos de albacora en el Pacifico sur. Los juveniles
se desplazan de los tropicos hacia el sur cuando miden unos 35 cm, y luego hacia el este por la Zona de
Convergencia Subtropical. Poco antes de alcanzar la madurez vuelven a los tropicos, donde desovan.
Marcas fijadas en peces liberados al este de 155°0 fueron recuperadas generalmente en lugares al este y
norte del punto de liberacion, mientras que aquéllas fijadas al oeste de 155°O fueron recuperadas
generalmente en lugares al oeste y norte del punto de liberacion.

Los modelos de produccion indican que el rendimiento promedio maximo sostenible de albacora
en el Pacifico norte y sur es de unas 90 mil y 30 a 35 mil toneladas, respectivamente. Cabe destacar, sin
embargo, que en el Pacifico sur las capturas han rebasado las 30 mil toneladas en cada uno de los ultimos
14 afos y las 35 mil toneladas en 8 de éstos. Los resultados del modelo con estructura de edades en el
Pacifico norte indican que las tasas de explotacion han disminuido de un 40% a mediados de los afios
1970 a menos de 10% desde principios de la década de los 1980. No parece haber ninguna necesidad de
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limitar la pesca de albacora en el Pacifico norte ni sur.
2. DATOS

2.1. Definiciones de las pesquerias

2.1.1. Pesquerias palangreras

Buques palangreros de Australia, Estados Unidos, Fiji, las Islas Cook, las Islas Salomon, Japon,
Nueva Caledonia, Nueva Zelanda, Papua Nueva Guinea, Polinesia Francesa, la Reptiblica Popular de
China, la Republica de Corea, Samoa Occidental, Taiwan, Tonga y Vanuatu pescan atunes, inclusive
albacora, y peces picudos en el Océano Pacifico entre S0°N y 50°S (Kume, 1974; Yoshida, 1975; Bartoo
y Foreman, 1994; Murray, 1994; Park et al., 1994; Caton et al., 1998; Ito et al., 1998; Childers y Miller,
1999).

2.1.2 Pesquerias con currican

La albacora es capturada en el Océano Pacifico con currican por buques de Australia, Canada,
Estados Unidos, Nueva Zelanda y Polinesia Francesa (Bartoo y Foreman, 1994; Murray, 1994; Childers y
Miller, 1999).

2.1.3. Pesquerias con carnada

Barcos de carnada de Estados Unidos y Japon capturan albacora en el Océano Pacifico (Shioha-
ma, 1973; Kume, 1974; Bartoo y Foreman, 1994; Childers y Miller, 1999).

2.1.4. Pesquerias con red agallera

Desde mediados de la década de los 1970 hasta el fin de 1992 hubo una pesqueria en alta mar de
atunes y peces picudos con redes agalleras de malla grande realizada por buques de Japon, la Reptiblica
de Corea, y Taiwan (Bartoo et al., 1993; Bartoo y Foreman, 1994; Murray, 1994). Ademas, se capturan
pequeiias cantidades de albacora en aguas costeras de Chile con redes agalleras dirigidas hacia peces es-
pada (Childers y Miller, 1999).

2.1.5. Pesquerias con red de cerco

Buques cerqueros japoneses capturan pequefias cantidades de albacora en el Pacifico norte (Chil-
ders y Miller, 1999).

2.1.6. Pesquerias deportivas

Existe una pesqueria deportiva importante dirigida hacia albacora en California (Clemens y
Craig, 1965; Laurs y Dotson, 1992; Childers y Miller, 1999). No se dispone de informacion sobre pes-
querias deportivas de albacora en otras partes del Océano Pacifico.

2.2. Datos de captura y esfuerzo
2.2.1. Pesquerias comerciales

En las Tablas 2.2.1ay 2.2.1b se presentan datos sobre las capturas comerciales de albacora. (Los
datos provienen de Childers y Miller (1999: Tablas 1 y 2). Las tablas contienen muchas notas sobre la
integridad y precision de los datos, y se deberia consultar las notas en ese informe antes de usar estos da-
tos.) Las capturas en el Pacifico norte han sido superiores a, y han variado mas entre aflos que, las del
Pacifico sur. Las capturas de barcos de carnada japoneses en el Pacifico norte fueron minimas entre
aproximadamente 1965 y 1980. Las pesquerias con redes agalleras de Corea, Japoén y Taiwan capturaron
grandes cantidades de pescado entre aproximadamente 1978 y 1992, pero, tal como se notd anteriormen-
te, la pesca en alta mar con este tipo de red ceso a partir de ese tltimo afio.

Se pesca con palangre en casi todo el Océano Pacifico entre 50°N y 50°S, pero se captura albaco-
ra principalmente entre 25°N y 45°N y entre 5°S y 45°S (Figura 2.2.1). Childers y Miller (1999; Figuras 1
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y 3a) presentan informacion sobre las distribuciones de las capturas de albacora por curricaneros de
EE.UU. Curricaneros y barcos de carnada capturan cantidades sustanciales de albacora en la superficie
cerca del litoral de Norteamérica y el noreste de Asia, respectivamente, pero no existen pesquerias impor-
tantes equivalentes cerca de las costas de América del Sur y Australia.

2.2.2. Pesquerias deportivas

En la Tabla 2.2.2 se presentan datos sobre las capturas deportivas de albacora por buques de
EE.UU. No se dispone de datos sobre las capturas deportivas de albacora por buques de otras naciones.
La mayor parte de la captura deportiva de buques de EE.UU. proviene de aguas frente al sur de California
(Clemens y Craig, 1965; Figuras 122-174).

2.3. Datos de composicion por tamaiio
2.3.1. Pesquerias palangreras

Datos de frecuencia de talla de albacora capturada por palangreros en el Océano Pacifico son pre-
sentados por Honma y Kamimura (1957: Figuras 4, 5 y 9), Otsu y Hansen (1962: Figuras 3 y 9-11), Otsu
y Sumida (1968: Figuras 15 y 16), Shiohama (1973: Figuras 1 y 2), Yoneta y Saito (1973: Figura 2)),
Kume (1974: Figuras 10 y 14), Yoshida (1975: Figuras 12 y 13), Kleiber y Baker (1987: Figuras 2 y 4-6),
y Uosaki y Bayliff (1999: Figuras 59-61).

2.3.2. Pesquerias con currican

Datos de frecuencia de talla de albacora capturada por curricaneros en el Océano Pacifico son
presentados por Clemens y Craig (1965: Figuras 10-16), Kume (1974: Figura 8), Kleiber y Baker (1987:
Figuras 2 y 4-6), Bartoo et al. (1993: Figuras 3-7), y Childers y Miller (1999: Figuras 7 y 8).

2.3.3. Pesquerias de carnada

Datos de frecuencia de talla de albacora capturada por barcos de carnada en el Océano Pacifico
son presentados por Kume (1974: Figura 9), y Kleiber y Baker (1987: Figuras 2 y 4-6).

2.3.4. Pesquerias con red agallera

Datos de frecuencia de talla de albacora capturada por con red agallera en el Océano Pacifico son
presentados por Bartoo y Holts (1993: Figuras 2 y 7-11). El tamafio de los peces capturados esté correla-
cionado positivamente con la luz de malla de las redes.

2.3.5. Pesquerias deportivas

No se dispone de datos completos sobre los tamafios de albacora capturada por pescadores depor-
tivos.

3. SUPUESTOS Y PARAMETROS
3.1. Informacion bioldgica y demografica
3.1.1. Crecimiento

Laurs y Wetherall (1981) estimaron las tasas de crecimiento de albacora del Pacifico norte a par-
tir de datos de marcado y recaptura, y Labelle ef al. (1993) estimaron el crecimiento de albacora del Paci-
fico sur mediante analisis del nimero de anillos vertebrales. En las Tablas 3.1.1ay 3.1.1b se presentan sus
estimaciones de los parametros de la ecuacion de crecimiento de von Bertalanffy, y en las Tablas 3.1.1cy
3.1.1d estimaciones de las tallas a edad obtenidas de estas ecuaciones.

En la Tabla 3.1.1e se presentan tres ecuaciones peso-talla para la albacora del Pacifico.
3.1.2. Reproduccion

La reproduccioén de albacora en el Océano Pacifico ha sido estudiada por Partlo (1955), Ueyanagi
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(1957 y 1969), Otsu y Uchida (1959), Otsu y Hansen (1962), Yoneta y Saito (1973), Kume (1974), Shin-
gu et al. (1974), Nishikawa et al. (1985), Ratty et al. (1990), y Ramon y Bailey (1996). Las larvas de al-
bacora parecen escasear al este de 140°0, y ser mas abundantes al oeste de 180° (Nishikawa et al., 1985),
aunque esto podria ser un artefacto del muestreo. Partlo (1955) descubrid lo que él consideraba ser ma-
chos y hembras maduros en el “Pacifico oriental,” capturados presuntamente frente a Canada y/o Estados
Unidos. Otsuy Uchida (1959), en cambio, dijeron que las albacoras “que sostienen la pesqueria veranie-
ga en la costa occidental de América son peces que no desovan,” y manifestaron que el desove ocurre en
aguas tropicales y subtropicales solamente. Ratty et al. (1990) encontraron machos maduros, pero no
hembras maduras, en la Zona de Convergencia Subtropical del Pacifico Sur, entre 35° y 40°S. Dijeron
que el desove ocurre principalmente en aguas de la Convergencia Tropical del Sur, entre 10° y 20°S. El
desove ocurre en el Pacifico norte principalmente o exclusivamente durante el verano septentrional (Otsu
y Uchida, 1959) y en el Pacifico sur principalmente o exclusivamente durante el verano meridional (Ra-
moén y Bailey, 1996).

En la Tabla 3.1.2 se presentan las tallas minimas de primera madurez encontradas por varios in-
vestigadores.

Otsu y Sumida (1968) descubrieron que los porcentajes de machos entre albacoras capturadas por
la pesqueria palangrera de Samoa Americana durante 1954-1965 fueron los siguientes: todos peces,
aproximadamente 50 a 70%; peces de mas de 90 cm de talla, aproximadamente 50 a 90%. Un 62% de los
peces capturados por dicha pesqueria durante 1962-1965 fueron machos. Seglin Yoneta y Saito (1973), el
porcentaje de machos varid entre un 66 y 77% para albacora “grande” capturada en el Pacifico Sur occi-
dental durante 1964-1969.

Ueyanagi (1957) estim6 que el nimero de huevos por desove en el Pacifico noroeste vario de
unos 0,8 a 2,6 millones, y Otsu y Uchida (1959) obtuvieron estimaciones de 0,9 a 1,8 millones para peces
de Hawaii.

3.1.3. Desplazamientos

Clemens (1961), Otsu y Uchida (1963), Rothschild y Yong (1970), Kume (1974), Kikawa et al.
(1977), Laurs y Lynn (1977 y 1991), y Kimura (1997) presentan informacién sobre los desplazamientos
de albacora en el Océano Pacifico norte. Segiin Laurs y Lynn (1977 y 1991) parece haber dos subgrupos
de albacora en el Pacifico norte (Seccion 3.1.5). Los peces del subgrupo nortefio, cuando estan en el Paci-
fico oriental, ocurren principalmente al norte de 40°N. Ocurre un intercambio considerable de peces de
este subgrupo entre la pesqueria con currican del Pacifico oriental y las pesquerias de carnada y palangre-
ra del Pacifico occidental. Los peces del subgrupo surefio ocurren principalmente al sur de 40°N en el
Pacifico oriental, y relativamente pocos de los mismos son capturados en el Pacifico occidental. Peces
marcados en aguas de altura del Pacifico oriental y recapturados en la pesqueria costera del Pacifico
oriental mostraron desplazamientos diferentes, segun la latitud de liberacion. La mayoria de las recaptu-
ras de aquéllos liberados al norte de 35°N ocurrieron al norte de 40°N, y la mayoria de las recapturas de
aquéllos liberados al sur de 35°N ocurrieron al sur de 40°N. Kimura et al. (1997) manifiestan que "la ruta
de migracion anual para albacoras maduras forma una elipse cerrada con el centro en 20°N y 170°E, y es
mas ancha en afios de un Nifio que en aquellos sin asociados con la aparicion de una regién de agua fria
en el Pacifico norte central y suroeste. Las albacoras inmaduras tienen también una ruta de migracion en
sentido contrario al de las agujas del reloj en invierno que se extiende de 25°N a 35°N y de 130°E a 180°,
cuando el Kuroshio sigue un rumbo relativamente recto. Sin embargo, la migracion no persiste cuando el
Kuroshio toma un desvio grande."

Se sabe mucho menos acerca de los desplazamientos de albacora en el Océano Pacifico sur. Se-
gun Jones (1991) y Murray (1994), los juveniles se desplazan de los tropicos hacia el sur cuando miden
unos 35 cm, y luego hacia el este por la Zona de Convergencia Subtropical. Poco antes de alcanzar la ma-
durez los peces vuelven a los tropicos, donde desovan. Segun Labelle (1993), marcas fijadas en peces
liberados al este de 155°0 fueron recuperadas generalmente en lugares al este y norte del punto de libera-
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cion, mientras que aquéllas fijadas al oeste de 155°0 fueron recuperadas generalmente en lugares al oeste
y norte del punto de liberacion.

3.1.4. Mortalidad natural

Suda (1963 y 1966) estimo que el coeficiente de mortalidad natural anual (M) para la albacora del
Pacifico norte era 0,2. Suda (1966) estim6 M en 0,2 para peces de 6 afos y 0,4, 0,6, y 0,8 para peces al
fin de su sexto, séptimo, y octavo afio de vida, respectivamente. Bertignac et al. (1999), empero, estima-
ron que el M promedio para la albacora del Pacifico norte después de su reclutamiento a la pesqueria era
aproximadamente 0,6, suponiendo que se reporte un 90% de los peces marcados recapturados. Realiza-
ron un analisis de sensibilidad que demostré que la estimacion de M seria solamente 0,4 si se reportara
solo el 30% de las recapturas y 0,2 si se reportara solo el 15%. Se obtuvieron estimaciones de M de entre
0,32 y 0,67 para este informe con el método de Pauly (1980), usando datos de crecimiento (Tabla 3.1.1a)
y suponiendo una temperatura media de 17,5°C (Seccion 3.2).

Fournier ef al. (1998: Figura 7) estimaron M para la albacora del Pacifico sur en 0,2 para peces de
entre 1 y 5 afios, aumentando a 0,35 para peces de 9 afios. Se obtuvieron estimaciones de M de entre 0,17
y 0,30 para este informe con el método de Pauly (1980), usando datos de crecimiento (Tabla 3.1.1b) y
suponiendo una temperatura media de 17,5°C (Seccion 3.2). La presencia de mas machos que hembras
entre los peces de mayor edad (Seccion 3.1.2) podria indicar que M sea mayor para hembras que para ma-
chos.

3.1.5. Estructura de stocks

Las albacoras del Océano Pacifico norte y el Océano Pacifico sur son consideradas generalmente
stocks separados (Nakamura, 1969; Kume, 1974; Bartoo y Foreman, 1994, Murray, 1994; Uosaki y Bay-
liff, 1999). Nakamura (1969) declar6 que "(1) no hay evidencia de que las albacoras migren a través del
ecuador en ninguna época del afio, y (2) las estructuras de las poblaciones de albacora en los dos hemisfe-
rios son mas o menos simétricas, lo cual indica que es razonable suponer que las dos poblaciones son dis-
cretas." Chow y Ushiama (1995) analizaron el ADN mitocondrial de albacoras capturadas en el Pacifico
norte y sur, y concluyeron que existe flujo de genes entre las dos zonas. Sin embargo, hasta un intercam-
bio limitado de material genético entre dos zonas basta para mantener la homogeneidad genética.

Laurs y Lynn (1977 y 1991) declararon que datos de marcado indican que hay probablemente dos
"subgrupos" de albacora en el Océano Pacifico norte, y que los peces de los dos subgrupos tienen "patro-
nes de migracion, tamafios modales, tasas de crecimiento, y periodos de desove diferentes, aunque no pa-
recen ser genéticamente distintos." Frente a Norteamérica la division entre los dos subgrupos esta en
aproximadamente 40°N. Labelle (1993) not6 que datos de marcado para el Pacifico sur sugieren “la exis-
tencia de diferentes patrones de migracion, hipotesis postulada para la poblacion del Pacifico norte.”

3.2. Influencias ambientales

En el Océano Pacifico norte albacoras que viven en la superficie ocupan la Corriente de Kuros-
hio, la Zona de Transicion del Pacifico Norte (ZTPN), y la Corriente de California. Reid ef al. (1958),
Marr (1970), Stommel y Yoshida (1972), Sugawara (1972), Takenouti (1980), Laurs (1983), Reid (1988),
Laurs y Lynn (1991), y Roden (1991) presentan informacién sobre la oceanografia de estas regiones. La
abundancia de la especie es maxima a profundidades de entre 200 y 260 m, pero ha sido capturada a 380
m con palangres verticales experimentales. Se realizan las mayores capturas de albacora en zonas con
temperaturas de superficie del mar (TSM) de entre unos 16° y 19°C, pero experimentos de rastreo acusti-
co demostraron que peces de entre 3 y 5 afios de edad viven principalmente en o cerca de la termoclina,
donde la temperatura puede descender hasta 10°C (Laurs y Lynn, 1991). Las albacoras, al igual que los
demas atunes, poseen multiplicadores de contracorrientes que les permiten pasar periodos considerables
en aguas mas profundas y frias. Estan aparentemente limitadas a aguas con saturaciones de oxigeno di-
suelto de mas de 60% (Graham y Laurs, 1982). Ademas, existen evidencias de que las albacoras suelen
permanecer en aguas de mayor claridad que aguas adyacentes, posiblemente porque pueden ver sus presas
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mejor en agua mas clara (Laurs, 1983). Laurs et al. (1984) encontraron agregaciones de albacoras en
“bolsas de agua oceanica azul y calida en el limite entre aguas oceanicas y aguas costeras mas frias y ver-
dosas” frente a California.

En el Océano Pacifico sur la albacora ocupa la Zona de Convergencia Subtropical, analoga a la
ZTPN (Labelle, 1993). Knox (1970) presenta informacion sobre la oceanografia del Pacifico sur. Fournier
et al. (1998) notaron que “las temporadas de desove correspondientes a reclutamientos bajos correspon-
den bien con la ocurrencia de episodios de El Nifio (valores negativos del Indice de Oscilacion del Sur) en
el Océano Pacifico,” y viceversa.

4. EVALUACION DE STOCKS
4.1. Indices de abundancia

Indices de abundancia de albacora en el Océano Pacifico norte han sido calculados por Laurs et
al. (1976: pesqueria con currican), Bartoo y Weber (1979: pesquerias con palangre, currican, y carnada),
Kleiber y Perrin (1991: pesqueria con currican), y Uosaki y Bayliff (1999: Figura 25, pesqueria palangre-
ra al este de 150°0). Los datos de palangre de Bartoo y Weber (1979: Figura 5) indican que la abundancia
de albacora disminuy6 desde 1952 hasta 1963, y luego permaneci6é a mas a menos el mismo nivel desde
1963 hasta 1976. Sus datos de currican (su Figura 3) y carnada (su Figura 4) no sefalan tendencias claras
positivas ni negativas desde 1961 hasta 1976. Kleiber y Perrin (1991) mostraron que la distribucion de
albacoras que viven en la superficie es esporadica, y que durante el periodo de su estudio, 1961-1988,
mejoro la capacidad de los pescadores de localizar grandes concentraciones de peces. Los datos no ajus-
tados indican que la abundancia de albacora no aument6 ni disminuyé durante 1961-1988, mientras que
los datos ajustados indican que disminuy6 durante dicho periodo (su Figura 2).

Indices de abundancia de albacora en el Océano Pacifico sur han sido calculados por Otsu y Su-
mida (1968: Figura 9), Skillman (1975: Figura 10), Yoshida (1975: Figuras 2 y 5), Yeh y Wang (1996:
Figuras 5y 6), Uosaki y Bayliff (1999: Figura 25, al este de 150°0), y Wang (1999), todos a partir de
datos de palangre. En cada caso los datos indican disminuciones en la abundancia de los peces.

4.2. Modelos de evaluacion

Se usan tres tipos generales de modelos para evaluar la condicion de los stocks de peces: modelos
con estructura de edades, reproductor-recluta, y de produccion, todos descritos por Anénimo (2000: 257-
272). Todos requieren que el modelado sea llevado a cabo con un stock de peces separado. Tal como se
comenta en la Seccion 3.1.5, parece haber dos stocks de albacora en el Océano Pacifico, uno en el Pacifi-
co norte y el otro en el Pacifico sur.

4.2.1. Albacora del Pacifico norte

Bartoo y Weber (1979), Bartoo y Shiohama (1984), Kleiber y Baker (1987), Kleiber y Perrin
(1991), y Bertignac et al. (1999) realizaron evaluaciones del stock de albacora del Pacifico norte.

Bartoo y Weber (1979), Kleiber y Baker (1987), y Bertignac et al. (1999) realizaron modelado
con estructura de edades para la albacora en el Pacifico norte. Bartoo y Weber (1979) estimaron que los
rendimientos por reclutamiento de dicho stock durante los periodos de 1955-1970 y 1971-1976 fueron
aproximadamente como sigue: pesqueria con currican del Pacifico noreste, 2,6 y 1,6 kg; pesqueria con
carnada del Pacifico noroeste, 3,0 y 4,3 kg; pesqueria palangrera del Pacifico norte, 2,5 y 0,4 kg; tres pes-
querias combinadas, 8,0 y 6,0 kg. Manifestaron que reducciones del esfuerzo y aumentos en la edad de
primera captura serian de beneficio tanto para la pesqueria palangrera como para la pesqueria en general.
Notaron, sin embargo, que aumentos en el esfuerzo beneficiarian a la pesqueria con currican del Pacifico
noreste. Los resultados de Kleiber y Baker (1987) y Bertignac et al. (1999) indican que la tasa de morta-
lidad por pesca para la albacora del Pacifico norte es relativamente baja. Kleiber y Baker (1987) realiza-
ron un estudio de simulacion para estimar las interacciones entre las tres pesquerias, usando la estimacion
de Suda (1966) de M =0,2. En la Tabla 4.2.1 se presentan sus estimaciones de los efectos de aplicar el
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doble y la mitad del esfuerzo de pesca para cada pesqueria. Doblar el esfuerzo en una pesqueria aumenta-
ria la captura de esa pesqueria en un 85 a 98% y reduciria aquéllas de las otras dos pesquerias en un 0,1 a
7,5%, y reducirla en un 50% reduciria la captura de esa pesqueria en un 48 a 50% y aumentaria aquéllas
de las otras dos pesquerias en un 0,1 a 4,1%. Claro que la interaccion entre las tres pesquerias es minima,
lo cual significa, por supuesto, que las tasas de mortalidad por pesca son bajas en relacion con el valor de
M usado en sus simulaciones. Si hubieran usado un valor de M mas alto los efectos de las varias pesque-
rias sobre las otros pesquerias hubieran sido todavia menores. Bertignac et al. (1999) usaron datos de
marcado para estimar las tasas de explotacion de la albacora del Pacifico norte, y concluyeron que estu-
vieron alrededor de 40% (F = 0,51) a mediados de la década de los 1970, pero que han sido menos de
10% (£ = 0,11) desde principios de los afios 1980.

Bartoo y Weber (1979), en su discusion de las relaciones reproductor-recluta de la albacora del
Pacifico norte, dijeron que sus datos, “aunque variables, indican cierta depresion en el stock reproductor y
el reclutamiento también con respecto a niveles virgen.”

Bartoo y Shiohama (1984) realizaron un analisis de modelo de produccion, con estimaciones de
la sensibilidad de los resultados a errores de medicion en los datos. Usaron datos de captura y datos de
captura por unidad de esfuerzo (CPUE) estandarizados para las pesquerias con palangre del Pacifico nor-
te, currican del Pacifico noreste, y carnada del Pacifico noroeste durante 1961-1981 para calcular datos de
esfuerzo estandarizados para ese periodo. Se estimo6 el rendimiento promedio maximo sostenible (RPMS)
para el Pacifico norte en unas 89 mil toneladas, con errores posibles de & 20%, lo cual resultaria en un
rango de unas 71 a 108 mil toneladas. Se estimo el esfuerzo 6ptimo en unas 134 mil unidades, con un
rango de 107 mil a 162 mil unidades. Las estimaciones de RPMS no son sensibles a errores en las esti-
maciones de esfuerzo, pero si a errores en las estimaciones de captura. Las estimaciones de esfuerzo op-
timo no son sensibles a errores en las estimaciones de captura, pero si a errores en las estimaciones de
esfuerzo. Casi se alcanzo el esfuerzo 6ptimo en 1976, cuando la captura fue 121.106 toneladas, y en
1978, cuando la captura fue 90.300 toneladas. Cabe destacar que el ajuste de los datos de captura y es-
fuerzo a la curva en forma de domo (su Figura 1) fue malo. Kleiber y Perrin (1991) demostraron que du-
rante 1961-1988 mejoro la capacidad de los pescadores con currican de localizar grandes concentraciones
de peces, lo cual crearia un sesgo en las estimaciones de Bartoo y Shiohama (1984) del esfuerzo de pesca.

4.2.2. Albacora del Pacifico sur

Skillman (1975), Yeh y Wang (1996), Fournier ef al. (1998), y Wang (1999) realizaran evalua-
ciones del stock de albacora del Pacifico sur.

Fournier et al. (1998) usaron datos de captura y esfuerzo y datos de composicion por talla en un
modelo con estructura de edades, MULTIFAN-CL, que estima coeficientes de selectividad y capturabili-
dad, parametros de crecimiento y composicion por edad de la captura, tasas de mortalidad natural y por
pesca, parametros de desplazamiento, y biomasa y reclutamiento de la poblacion. Mostraron que la bio-
masa relativa de albacora alcanzé una maxima durante la década de los 1970, y luego disminuy6. No ex-
presaron ninguna opinion sobre si el stock estaba sobre o subexplotado.

Skillman (1975), Yeh y Wang (1996), y Wang (1999) usaron datos de captura y de CPUE para la
pesqueria palangrera y modelos de produccion para evaluar la condicion del stock de albacora en el Paci-
fico sur. Skillman estim¢ el rendimiento promedio méximo sostenible (RPMS) en unas 33.000 a 35.000
toneladas. Yeh y Wang (1996) usaron el método de Honma (1974) y un modelo general lineal para es-
tandardizar datos de captura y esfuerzo de las flotas de Japon, Corea, y Taiwan, y usaron entonces esos
datos para estimar los parametros del modelo de produccion simétrico. Los datos de los modelos de
Honma y lineal general arrojaron estimaciones del RPMS de 31.320 y 31.620 toneladas, respectivamente.
Wang (1999), usando el método de Schnute (1977), estimo el RPMS en 30.806 toneladas. Cabe destacar
que los ajustes de los datos de captura y esfuerzo a las varias curvas en forma de domo fueron pobres
(Skillman, 1975: Figura 11; Yeh y Wang, 1996: Figura 8).
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4.3. Comparacion con fuentes externas de datos

Fournier ef al. (1998) manifestaron que, “aunque hace falta explorar otras cuestiones acerca del
analisis de la albacora, la consistencia de los resultados de los modelos con varios conjuntos de datos ex-
ternos es alentador. Incluyen la consistencia de las estimaciones de talla a edad de MULTIFAN-CL con
aquéllas previamente derivadas de conteos de anillos vertebrales [Labelle ef al., 1993], la consistencia de
los cambios en las estimaciones de la tasa de mortalidad natural con la edad en las proporciones de sexos
de albacora con tamafio y con el comienzo de la madurez sexual en las hembras [Ramon y Bailey, 1996],
y la relacion aparente entre variacion en el reclutamiento estimado y variacion en el Indice de Oscilacion
del Sur.”

4.4. Sensibilidad a supuestos

El andlisis de los modelos de produccion por Bartoo y Shiohama (1984), resumido en la Seccion
4.2.1, incluy6 estimaciones de la sensibilidad de los resultados a errores de medicion en los datos. Bertig-
nac et al. (1999) realizaron analisis para determinar la sensibilidad de estimaciones de las tasas de morta-
lidad natural a supuestos sobre las tasas de marcas reportadas. Se resumen éstos en la Seccion 3.1.4.

5. CONDICION DE STOCKS

Aparentemente la albacora no se encuentra sobreexplotada en el Pacifico norte ni el Pacifico sur.
6. DIRECCIONES FUTURAS
6.3. Determinacion de objetivos de administracion

Fournier et al. (1998) hicieron dos sugerencias con respecto a investigaciones futuras. “En
primer lugar, se podria organizar los datos de forma adecuada para compararlos con puntos de referencia
limite u objetivo, tal como se contempla en el acuerdo reciente de las Naciones Unidas sobre las pobla-
ciones de peces transzonales y altamente migratorios ... En segundo lugar, proyecciones a futuro podrian
ser un instrumento Util para pronésticos a corto plazo en las pesquerias de superficie y palangrera, particu-
larmente si se confirma que se puede predecir el reclutamiento a partir de variables ambientales.”
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