












































































































































































































































































































































































































































































































































































__________ Uchiyama et al.: Assessment of the Use of Hard Parts to Age Central Pacific Swordfish 271

present on the edges of ray cross sections of the young­
of-year and age-l fish, indicating completion or near­
completion of the last annulus. Some edges of ray cross
sections of older fish (~2 yr) were translucent, but most
were partly translucent and opaque or still fully opaque
(Uchiyama, unpublished observation). Our current
study offin rays emphasizes the timing and duration of
opaque and translucent band formation for most early
age groups of central North Pacific swordfish.

Yabe et al. (1959) consistently identified four length
modes (73, 102, 128, and 148 cm EFL) for swordfish
caught during 1948-56 in the western North Pacific.
Our provisional growth curve for swordfish of both
sexes in the central North Pacific generally agrees with
these length modes, if the second, third and fourth
length modes of Yabe et al. (1959) correspond to fish
ages 1+ (18 mo), 2+ (30 mo), and 3+ (42 mo). Our
curve estimates a length of74 cm in about 7 mo, 104 cm
in 18 mo, 132 cm in 30 mo, and 157 cm in 42 mo (Fig.
4). Our estimate of the VBGF parameter, K = 0.14, for
the sexes pooled is similar to the K = 0.124 estimated by
Sakagawa and Bell (1980) using Yabe et al.'s (1959)
progression of length modes and L~ = 309 cm, graphi­
cally estimated using Walford's (1946) method. Our
growth curve describes an average growth increment of
about 28 cm/yr for swordfish between 74 and 157 cm
EFL, compared to Yabe et al. 's (1959) estimate of about
25 cm/yr for swordfish of 73-148 cm EFL from the
western North Pacific. Using length frequency data for
swordfish caught in the eastern Pacific, Kume and Jo­
seph (1969) estimated growth rates of 38 cm/yr for fish
of 62-165 cm EFL.

These general agreemen ts between length modes
and estimates of the VBGF parameter, K, are limited to
only the first several apparent age classes entering their
respective fisheries. Clearly, additional data for both
small (young-of-year and yearling) and very large (>200
cm EFL) fish are needed to adequately describe the
shape of the VBGF growth curve. The von Bertalanffy
parameters K and L~ are inversely related, and L~ is
greatly influenced by data that lie near and on the
asymptote of the curve (Southward and Chapman,
1965).

Kume and Joseph (1969) further concluded that fe­
males grow faster and larger than males among eastern
Pacific swordfish. Also, based on size frequency distri­
butions, female swordfish in the eastern Atlantic ap­
pear to grow faster and larger than males (Beckett,
1974). The hard-part ageing studies of Berkeley and
Houde (1983), Radtke and Hurley (1983), and Wilson
and Dean (1983) all suggest or indicate faster growth
rates for female swordfish in the western Atlantic, as did
analogous studies by Tsimenides and Tserpes (1989)
and Megalofonou et al. (1991) of swordfish of the Medi­
terranean and Aegean Seas. Our data likewise suggest

that male growth starts decelerating earlier, perhaps
because males mature at smaller sizes or younger ages
in the Pacific as well as the Atlantic (Taylor and Murphy,
1992; Arocha et aI., 1994). Greater numbers of large
(>165 cm EFL) specimens of both sexes are needed
before we can adequately evaluate possible sexual di­
morphism in the growth and mortality rates of Pacific
swordfish.

Research Needs

Since the end of summer 1993, observers have been
placed aboard commercial longline vessels operating
from Honolulu, and these observers have collected anal
fins and otoliths for our ageing studies. These samples
will enable us to expand our studies over a broader
geographical area and obtain greater numbers of large
fish. In addition, better seasonal coverage should result
than can be accomplished with our single research vessel.

A larger-scale tagging program with a more efficient
system for tagging and recovering tagged fish is neces­
sary for validation. Greater involvement of the fishing
industry, other U.S. agencies, and foreign investigators
would vastly improve the chances of recapturing time­
marked fish. On research cruises, we have learned how
to select and handle swordfish during the tag applica­
tion process to maximize apparent viability, and these
findings need to be implemented on observer and co­
operating fishermen cruises. A more accurate method
for estimating size of fish at the time of tag release also
still needs to be developed.
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