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INTRODUCTION
Growth rates of North Pacific albacore, Thunnus alalunga
(Bonnaterre), have been estimated by counting vertebral rings (Uno
1936; Aikawa and Kato 1938; Partlo 1955), examining scale circuli
(Nose et al. 1957; Bell 1962; Yabuta and Yukinawa 1963), tracing
progressions of length modes (Brock 1943; Suda 1954),and by measuring
tagged fish at release and recapture (Otsu 1960; Clemens 1961).

Of

these techniques, only tagging provides direct estimates of growth
rate, and the tagging results of Otsu and Clemens are reasonably consistent with the conclusions of Yabuta and Yukinawa's scale analysis
and Suda's modal progression work.

However, as Shomura (1966) noted

in a review of tuna growth studies, comparisons are complicated by
the biases and uncertainties peculiar to each method.

For example,

in the case of tagging we assume that the growth rate is unaffected
by stresses resulting from capture, handling and tagging, and from
the burden of carrying the tag itself.

Conclusive results will require

that the basic assumptions of any particular method be tested and
verified.
In this paper, we present new estimates of growth parameters
based on recent tag-recapture experiments conducted jointly by the
National Marine Fisheries Service (NMFS) and the American Fishermen's
Research Foundation (AFRF).
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We use the standard von Bertalanffy

growth model, but also briefly explore some extensions.

Sequential

estimation of the parameters Loo and K allows us to test hypotheses
concerning variation in growth rate between tagged fish recaptured in
different ocean regions.
3

AFRF administers revenues derived from a landing assessment paid

by U.S. albacore fishers.
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Transpacific recaptures of albacore tagged in the eastern North
Pacific off the U.S. west coast and in the western North Pacific off Japan
have established the interdependence of the United States and Japanese
North Pacific albacore fisheries, and have also fostered the hypothesis of
a single, common stock (Ganssle and Clemens 1953; Clemens 1961; Otsu and
Uchida 1963; Laurs and Lynn MS. 4
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However, our results add to growing

Laurs, R. M., and R. J. Lynn.

Manuscr. in prep.

Seasonal migration

of North Pacific albacore, Thunnus alalunga, into North American coastal
waters:

Distribution, relative abundance, and association with Transition

zone waters.

Southwest Fisheries Center, La Jolla Laboratory, National

Marine Fisheries Service, NOAA, La Jolla, CA 92038.
evidence that the North Pacific albacore population is not homogeneous,
as usually assumed, but is composed of at least two subgroups with different migration patterns, energy budgets, and growth histories.
METHODS
Tagging Procedures
Albacore were caught in the eastern North Pacific and tagged
aboard U.S. commercial jig and bait fishing vessels on charter to AFRF.
Approximately 70% of the tagging was done by commercial fishermen trained
in tagging procedures, the rest by NMFS technicians.
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Single Floy 5

Mention of a commercial company or product does not constitute

an endorsement by the National Marine Fisheries Service, NOAA.
spaghetti-dart tags were inserted on the left side below the second
dorsal fin with the aid of a beveled stainless steel tube, so that the tag
barb was lodged in the pterygiophores of the fin.

Only fish judged to be

in very good condition were tagged; fish hooked in the roof of the mouth
or showing signs of extreme exhaustion or severe bleeding were rejected.
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For each tagge d fish a recor d was kept on (1) tag
numb er, (2) date and
time of relea se, (3) fork lengt h at time of relea
se, (4) cond ition at
taggi ng, and (5) longi tude and latitu de of relea
se. Addi tiona l taggi ng
deta ils are given in Laurs et al. (1976 ).
Reco very Proce dures
Reco verie s were made by sport and comm ercia
l fishe rs, unloa ders,

and canne ry work ers.

In most cases infor matio n was obtai ned on (1)

tag numb er, (2) date of recap ture, (3) fork lengt
h at time of recov ery,
and (4) longi tude and latitu de of recap ture. Most
recap ture locat ions
were given as loran coor dinat es, which we conv erted
to long itude and
latit ude, but the recap ture locat ions for tags
recov ered by unloa ders
and canne ry work ers were often repor ted inexa ctly,
e.g., as "off cent ral
Calif ornia ." Dire ct meas urem ents of fork lengt
h were avail able for abou t
half the fish recov ered. For most of the rema inder
only the weig ht at
recov ery was given , and fork lengt h was estim ated
using Clem ens'
(1961 ) weig ht-le ngth relat ion.
Data Scree ning
The tag retur n data were scree ned to exclu de cases
where
infor matio n was incom plete , unre liabl e, or clear
ly inacc urate .

Out

of 443 tag retur ns made from 1971 throu gh 1976 ,
201 were rejec ted
Table 1

(Tabl e 1).

In 6 cases lengt h at relea se was not meas ured,
in 88 cases

the recap ture date was unkno wn,an d in 50 cases
neith er lengt h nor
weig ht was meas ured at recov ery. In 43 other rejec
ted cases the lengt h
at recov ery was not meas ured and the weig ht only
guess ed witho ut the
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use of scales.

Additionally, in 13 instances a gross error was apparent

in the measurement of fork length either at release or recovery.
The final accepted data set of 242 cases includes observations
on 19 albacore showing negative estimated growth,

We assume these are

a result solely of measurement error, or error in estimation in cases

where the recovery weight was converted to length, and we assume such
error occurs throughout the data set independently of size or time out.
One of the common steps in screening tag recovery data for
growth studies is to partition the data according to length at release,
compute linear regressions of growth increment on time out within each
subset, and then reject rare observations, say those departing from
expectations by more than two standard deviations (Schaefer et al.
1961; Joseph and Calkins 1969).

We abandoned this step because the

14 "outliers" it identified were actually statistically consistent
with the three regression models, because the procedure has no sensible
stopping rule, and because even with length at release fixed the
expected relationship between growth increment and time out is
nonlinear.

Grouping of Data
The selected data were cross-classified by location of tagging
Table 2

and location of recapture (Table 2).

Forty-eight percent of the 242

tagged fish were released inshore (east of 130°W), and of these 67%
were released south of 38°N, the remainder north of this latitude.
Eighty-one percent of recaptured fish released south of 38°N were
recovered in the same area, with 18% recovered either inshore north
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of 38°N or west of the 180° line.

Of the recovered fish tagged north

of 38°N, only 18% were recaptured inshore south of 38°N, and the rest
were recovered in the northern inshore area or in the eastern hemisphere.
Of the recovered fish tagged and released offshore (west of 130°W),
75% were recaptured either inshore north of 38°N or west of 180°, and
only 24% were recovered in the southern inshore area.
Tag returns were grouped into three categories depending on
recapture location:
1.

Group A

includes all fish recaptured inshore south of 38°N,
except those released inshore north of 38°N,

2.

Group B

consists of tag recoveries made inshore north of 38°N,
excluding those released inshore south of 38°N.

3.

Group C

includes all tag recoveries made west of the 180°
meridian.

The three groups together comprise 227 recaptues; excluded are seven
fish tagged inshore north of 38°N and recovered south of this line,
six fish released south of 38°N and recaptured in the northern inshore
area, and the two tags with no information on recovery location.
Growth Models
We used observations on growth increment, length at tagging
and time at liberty to estimate the growth rate, K, and the asymptotic
length L00 , of the standard deterministic von Bertalanffy model.

In

addition, we considered some extensions of the von Bertalanffy model
which allow the growth rate to vary with age in a

simple manner.
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In general terms, we assumed that the expected growth increment for
the j

th

fish in the i

th

group (i = 1, ... , m; j = 1, 2, •.• , ni),

given the initial length and time out, could be stated as
t .. +LI ..
1.J

E(LIL .. ) =
1.J

1.J

I

G(u) ( 1=- L(u)) du

t ..

1.J

where

expected growth increment

E (LIL .. ) =
1.J

0

f J.th tagged fish in

.th group during
( tij, tij + i\ij)

1.

L(t .. +LI .. ) -L(t .. )
1.J

1.J

1.J

t .. =

.th
. th
group at time of release
fish in 1.
age of J

t, ..

time at liberty for J

1.J

. th

1.J

.th group
fish in 1.

length at age u

L(u) =

asymptotic length
unspecified age-dependent growth rate.

G (u)

If we set G(u) = K = constant, we have the standard von Bertalanffy
model, and

(100

where

1

1 ij

-

L

1•.
1.J

) [ 1 - exp (-K LI .. ) ]
1.J

= L(t .. ).

We call this Model 1.

1.J

(In this model and others that follow, we omit

subscripts on parameters, even though group-specific parameters are
implied.)
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In Model 1 we assume that the ratio of instant aneous growth
rate

(u) t o potent ial growth , Loo- L(u), is K, a consta nt.
dLdu
,

we may suppose genera lly that this ratio varies with age.
two such situati ons.

Instead ,

We conside red

In the first, Model 2, we assume that stresse s

due to capture , handlin g, and tagging will initial ly reduce the growth
rate of a tagged fish below its usual level, but that as time passes
the normal growth proces s will be restore d.

Specif ically, in our

d
analys is of Model 2 we assume the standar d model holds for untagge
fish but that when a fish is tagged its normal growth pattern is
interru pted, such that
G(u)

O<u<t ..
lJ

= K,
K{l-a exp [-B (u-t .. )]},
lJ

G(u)

tij'.: u

We assume K~O, B>O and O~a::l.
Model 2 says that followi ng tagging the growth rate is immedi ately
reduced to a fractio n (1 - a) of its normal value, K, and then returns
to K asymp totical ly (Figure s lA, lB).

L00 is assumed to be unaffe cted.

In the second extende d model, Model 3, we assume the growth
rate is a period ic functio n of time, with the same pattern of growth
repeate d within each succes sive year.

In additio n, we assume fish are

born on the same date each year, so that each fish also follows the
same age-sp ecific growth cycles.

where a

1

and a

2

Specif ically, we let

are amplitu des of the compon ent functio ns,

are the respec tive frequen cies and
origin of the growth rate curve.

o

81 and 82

is a time lag which fixes the
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Parameter Estimation
In the standard von Bertalanffy model there are two parameters
to be estimated, Kand Loo-

The usual approach is to estimate them

simultaneously, and we did so using the FORTRAN program BGC4 written
by P. K. Tomlinson (Abramson 1971).

This routine finds Kand L00 as

those parameter values which minimize

s
= L(t .. +Iii.).
l.J
J

where L2 ..

l.J

Since E(L

2

) is a nonlinear function of K, parameter estimates derived

ij

using this procedure are prone to serious bias unless observations on

L

2 ij

are made over a wide range of L

1 ij and Iii.J

Presumably, it is

also desirable that they be made uniformly in the plane of these two
variables.
The parameters of Models 2 and 3 may also be estimated jointly
using nonlinear least squares methods, but estimates of 4,, and correlated parameters suffer the same drawbacks as estimates of the
standard von Bertalanffy model parameters derived from BGC4.
An alternative approach in fitting all three models is to
estimate Loo and the other parameters sequentially.

Where the oldest

members of the population have been intensively sampled, a reasonable
estimate of 4,, (at least a lower bound) is the length of the largest
fish seen in the catches.

With this value of 4,, determined, the other

parameters may be estimated by the least squares method using the
general model
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t .. + L'ii.
L00 - L2..
1]
J
1
-ln( _
])=
G(u)du+E:ij
1
1
00
lij
t ..

J

1]

where we assume the £ij are independent errors with zero means and

variances cr 2 •

This approach handily accommodates any well-behaved form of
G(u).

In the case of Model 1, the problem of estimating K reduces to

a simple linear regression
(1)

Yi·J· = K L'i 1]
.. +E: 1]
..

When reasonably accurate estimate of Loo can be made by sampling the
catches, this sequential estimation procedure for Model 1 has the
advantage that the range of observations on L

lij

and L'iiJ' is not so

critical.

With Model 2, the sequential method may be applied to estimate
K, a, and 8 using the equation
(2)

The desirability of fitting this nonlinear model to any
particular

set of data may be judged by examining the residuals

around the least squares fit of Model 1 (equation 1).
Fig. 2

As is evident

from Figure 2, the detection of nonlinearity in this manner requires
that observations be available uniformly over a broad range of L'i 1]
..•
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Model 3 param eters a 1 , a 2 , 81 , S2 , and

o may

be estim ated

seque ntiall y using
.

a2

( 0 ) {sin [8

"2

2

(t

2

-o)] - sin [82 (tl.. -o)]}

ij

(3)

1)

al
..
-o)J - cos [8 1 Ct 1 . . - o)]} +£ 1]
-(-) {cos [-8 2 Ct
2ij
1]
1

s

where

t

1..
1]

obser ved value s
Effec tive use of this model requi res that most of the
wavel ength , i.e.,
of ~ij be no large r than about one-q uarte r of eithe r
no large r than

1T

281

or

1T

zs·2
Covar iance Analy sis

growt h
One of our chief objec tives was to determ ine wheth er
ates of param rates diffe red betwe en group s of fish, based on estim
eters of the stand ard von Berta lanffy model .

Since BGC4 estim ates of

large fish are
Kand Loo are highl y corre lated , parti cular ly when few
rning interg roup
in the sampl e, and since proba bility statem ents conce
the seque ntial
compa risons of both Kand L00 were not possi ble, we used
th
group of fish we assum ed
estim ation proce dure. For the i

(4)

..
E(y .. ) = K.1 /'- 1)
1)

Loo- L2 ..

where

=

-

ln (

Loo-L

lJ
1..
1)
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We set La,= 125 cm for each group.

Then we develop ed and applied a

zero-in tercep t covaria nce analys is to test hypoth eses of the form

on the basis of F statist ics.

RESULTS
Standar d Model
Joint BGC4 estima tes of Kand La, for Groups A, B, and Care
Table 3

shown in Table 3.

We consid er the estima tes inaccu rate, owing to

samplin g biases discuss ed earlier .

In particu lar, we think the

unexpe ctedly low La, estima tes (and corresp onding ly high K estima tes)
are due to the absence of very large albaco re in the release and
recove ry sample s.

Of the 227 selecte d tag returns , 75 exceede d 80 cm

in fork length at recaptu re, but only 18 were greate r than 85 cm
and just 3 were over 90 cm.

The average fork length of tagged

albaco re at time of release was 63.5 cm (range from 48 to 89 cm),
and at recove ry, 75.7 cm (range from 51 to 96 cm).
Because of the difficu lties with BGC4 estima tes, we based
estima intergr oup compar isons on estima tes of K from the sequen tial

tion proced ure.

A prelim inary F-test showed no signifi cant differe nce

in K between those fish whose lengths at recove ry were measur ed and
A

those whose lengths were estima ted from the weight -length relatio nship.
Furthe r sequen tial analyse s (as well as the earlier BGC4 estima tes)
were therefo re based on all data, regard less of how recove ry length
was determ ined.
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L00 was fix ed at 12
5 cm.

(T hi s va lu e is re as
on ab le . Ot su
an d Su mi da (1 97 0)
re po rte d an al ba co
re m ea su rin g 13 2.
7 cm fro m th e
Ha wa iia n lo ng lin e
fi sh er y, wh ic h ha
rv es ts th e ve ry la
rg es t al ba co re
known, bu t sp ec im
en s ov er 12 5 cm ar
e ex tre m el y ra re .)
Gr ou p A ha d
th e hi gh es t gr ow th
ra te es tim at e, KA
= 0, 21 0 (T ab le 3)
A
. Gr ou p B ha d
KB = 0. 19 1, an d Gr
ou p C ha d th e lo w
es t gr ow th ra te es
A
tim at e, KC = 0. 17
8.
When Gr ou ps B an d
C we re po ol ed in to
a "N or th " ca te go ry
, th e re su lt in g ¾I was 0. 18 4.
The es tim at e of K
fo r al l th re e gr ou
ps co m bi ne d
was 0. 19 2.
A

Ta bl e 3 al so show
s th e st at is ti cs
on av er ag e tim e be
tw ee n
re le as e an d re ca pt
ur e. Gr ou p A fi sh
we re at li be rt y an
av er ag e of
1. 0 yr , w hi le Gr ou
p B fi sh we re ou t
1. 1 yr , an d Gr ou p
C fi sh , 1. 5 yr .
Ta gg ed fi sh fro m
Gr ou ps B an d C co
m bi ne d we re at la
rg e an av er ag e of
1. 3 yr .

Ta bl e 4
Fi g. 3
Fi g. 4

The es tim at es su gg
es t th at th e "N or
th " fi sh , Gr ou ps
B an d
C, ha d a lo we r gr
ow th ra te th an th
e "S ou th " fi sh of
Gr ou p A. Su ch
a di ff er en ce m ig ht
ar is e if , as we su
pp os e, th e "N or th
" fi sh bu dg et
mo re of th ei r av ai
la bl e en er gy fo r
m ig ra tio n co mp ar ed
w ith th e "S ou th "
fi sh , an d le ss fo
r gr ow th . The hy
po th es is of eq ua l
gr ow th ra te s was
te st ed us in g th e
ze ro -i nt er ce pt an
al ys is of co va ria
nc e, an d was
re je ct ed at th e 5%
si gn if ic an ce le ve
l (T ab le 4, Fi gu re
3) . In
pa irw is e co m pa ris
on s be tw ee n in di vi
du al gr ou ps , th e
on ly si gn if ic an t
di ff er en ce in gr ow
th ra te was be tw ee
n Gr ou ps A an d C
(F ig ur e 4) .
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Are the observ ed differ ences in growth rates of tagged albaco
re
consis tent with other inform ation?
Fig. 5

To check this, we examin ed the length

compo sition of albaco re catche s along the U.S. west coast (Figur
e 5).
The length -frequ ency plot for catche s north of 38°N during
the period
when most recapt ures were made, 1972-7 5, showed modes at about
64 and
76 cm, and a hint of one at 54 cm.

Catche s south of 38°N showed the

54-cm mode, but had primar y modes at about 67 and at 80 cm,

The

discre pancy betwee n modes of the older albaco re is furthe r
eviden ce
of a slower growth rate for "North " fish, assumi ng these modes
represent fish of the same age,

To see if the length -frequ ency data and

tag data agreed , we compa red the ratio of KB to KA, compu ted
from the
tag data, with the expect ed ratio of these param eters as a
functi on
of the differ ence in length at age, derive d from the von Bertal
anffy
model, viz

where

LB= length mode of older "North " inshor e fish
LA

length mode of older "South " inshor e fish

Puttin g Lao= 125 cm and substi tuting LB= 76 cm and LA= 80
cm, we
calcul ate that

(~)L F

=

0,92
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and with 1

8

= 64 cm, LA= 67 cm, and I..,,= 125 cm, we have

(:B)

= 0.93.

A LF

Now, taking the ratio of growt h rate estim ates deriv
ed from tag data
we have
A

o. 91.

These resul ts are striki ngly simil ar and lend credi
bility to the
covar iance analy sisa

An altern ative way to judge the covar iance resul ts
is to
A
compu te the expec ted fork lengt h under each Kat
annua l time steps

and compa re these with the obser ved modes of the lengt
h-freq uency
distri butio ns.

Start ing with some initi al fork lengt h, 1 , we used
1
the equat ion L. =a+ b L. , i = 2, 3, ..• , where a=
I..,, (1 - EXP(- K))
1.
1.- 1

and b = EXP(- K).

Settin g 1

1

= 54 cm and Loo= 125 cm, we found the

seque nce of lengt hs 54.0, 66.3, and 76.5 cm for the
Group B albac ore,
and 54.0, 67.4, and 78.3 cm for Group A fish.

These are reaso nably

consi stent with the obser ved seque nces of lengt h modes
.
Exten ded Model s
Plots of resid uals from the stand ard model again st days
out
did not sugge st any parti cular patte rn of syste matic
devia tion from
linea rity.

Howev er, we thoug ht that some of the varia bility could
be

attrib uted to "lack of fit" (Drap er and Smith 1966)
, and exami ned the
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two extended von Bertalanffy models.

We fit Model 2 using the

sequential estimation procedure (Equation 2) with Leo= 125 cm.

In

all cases the least squares estimates of~ were on a boundary (0 or 1)
and estimates of B were very large.

Estimates

of K were usually

less than 4% larger (in Group A, 12.6% larger) than the corresponding
estimates of K from the standard linear model.

No significant reduc-

tion in residual mean squared error was achieved.

Any impact of

tagging on growth, of the sort hypothesized in Model 2, is probably
masked by the extremely high variability in the data.
We also briefly considered Model 3.

We fixed L00

=

125 cm and

fitted the integrated form at Equation 3 to each group of data.

The

residual mean squared error from the periodic growth model was not
significantly less than for Model 1 in any case.

This result was

not entirely unexpected; since the average time out was greater than
1 yr in each group, detection of seasonal variation in growth rate

was effectively ruled out.

On the other hand, any strong cycles with

a period of about 4 yr or more should have been revealed, if present.
Apparently most of the variability in y .. is due either to random
1]

measurement errors, or to fluctuations arising from a simple stochastic

growth process with expectation given by Equation 4.
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DISCUSSIONS AND CONCLUSIONS
Our confidence in the growth analysis results is strengthened
by their consistency with other findings, but the assumptions of our
analysis need to be tested.
of

Loo,

In particular, we assumed that our estimate

125 cm, was the same for all groups of North Pacific albacore.

If the "South" fish, Group A, actually tend toward a larger asymptote
in fork length than the "North" fish of Groups B and C then the difference between estimates of K might not be significant.

Loo

The value of

is not too important; the same conclusions were obtained when we

set

Loo

equal to 120, 130, and 135.

the

Loo

estimates is important, and testing it will be extremely

But the assumption of equality of

difficult.
We also assumed that the growth rate was unaltered by the
presence of the tag or by the stress imposed in its application.

In

our analysis of Model 2 we explored the question of whether tagging
might have affected growth rate in a specified way, and Model 2 did
not fit our data any better than the standard von Bertalanffy model,
Model 1.

Any effect of the sort we hypothesized might easily have

been masked by high variance in the data.

Nevertheless, if the effect

of tagging were simply to reduce the normal growth rate, K, suddenly
and permanently to a lower level, K', it would go undetected by our
analysis.

To determine the validity of the tag-effect assumption we

need to compare the growth rates of tagged fish with those of untagged,
"control" fish.

One promising approach is to combine tagging with recently

developed procedures of otolith analysis (Pannella 1971; Brothers et
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al. 1976; Struhsaker and Uchiyama 1976; Uchiyama and Struhsaker MS 6 ).
6

Uchiyama, J. H., and P. Struhsaker.

Manuscr. in prep.

Age and

growth of skipjack tuna, Katsuwonus pelamis, and yellowfin tuna,
Thunnus albacares, as indicated by daily growth increments of sagittae.
Southwest Fisheries Center Honolulu Laboratory, National Marine Fisheries Service, NOAA, Honolulu, HI 96812.
If the otoliths of tagged fish are marked with tetracycline or some
other osteophylic agent at the time of release, the information on
time of liberty for recaptured fish can be used to determine the rate
of ring formation (Inter-American Tropical Tuna Commission 1976).
The usual assumption of daily ring deposition may then be tested.
Further, the calibrated otolith method may then be used as the principal means of absolute age and growth determination, and may also be
used to test assumptions of the tag-recapture method and other procedures.

Planning of such experiments for North Pacific albacore is

now underway.

[Page 17a follows]

17a
We found that the growth rate of North Pacific albacore
recaptur ed either north of 38°N in the U.S. fishery or in the western
North Pacific off Japan was signific antly lower than for tagged albacore recaptur ed in the U.S. fishery south of 38°N during 1972-75 ,
The differen ces in growth rate of tagged fish are remarka bly consiste nt
with differen ces in length-f requenc y distribu tions of albacore caught
off the United States north of south of 38°N during the period when
most recaptur es were made.

These findings add to a growing body of

evidence (Brock 1943; Laurs et al. 1975 7 ; Laurs and Lynn 1976 8 ; Laurs
and Lynn MS') that North Pacific albacore are not as homogen eous as
7

Laurs, R. M., R. J, Lynn, and R. N. Nishimo to. 1975, Report
of joint Nationa l Marine Fisherie s Service- America n Fisherm en's
Research Foundat ion albacore studies conducte d during 1975, SWFC
Admin. Rep. LJ-75-8 4, 49 p. Southwe st Fisherie s Center La Jolla
Laborat ory, Nationa l Marine Fisherie s Service, NOAA, La Jolla, CA 92038,
8

Laurs, R. M., and R. J. Lynn. 1976. Report of joint Nationa l
Marine Fisherie s Service- America n Fisherm en's Research Foundat ion
albacore studies conducte d during 1976. SWFC Admin. Rep, LJ-76-36 ,
51 p. Southwe st Fisherie s Center La Jolla Laborat ory, Nationa l Marine
Fisherie s Service , NOAA, La Jolla, CA 92038.

[Page 17a precedes]
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usually assumed, and that there may be at least two subgroups of

albacore:

one which supported the Japanese pole-and-line fishery and

the U.S. fishery in waters north of about 38°N from 1972 to 1975, and
another which did not contribute significantly to the Japanese
surface fishery, but supported the U.S. coastal fishery south of 38°N
during this period.

If such a distinction is valid, the situation is

surely more complex and dynamic than we have supposed, with each
stock's contribution to each fishery varying from year to year.
Presumably such variation would be tied directly to changes in oceanographic conditions.

And undoubtedly the latitudinal boundary was not

fixed exactly at 38°N during 1971-76, as we assumed.

If an accurate

assignment of tagged fish to "stock" were possible a more powerful
test of growth differences could be made.
A finding that more than one subpopulation or stock is
involved in the North Pacific albacore fisheries would have very
important consequences, of course, both for stock assessment, fishery

evaluation and management policy analysis, and for development of
accurate catch forecasting systems.

It is important that further

work be done to identify stocks, and to elucidate their origins,
migratory habits, and degree of interchange.
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Table 1.--Numbe r of tagged North Pacific albacore released, returned, rejected, and accepted for
growth analysis.

Year

No.
tagged
fish
released

No.
tagged
fish
returned

1971

887

1972

Missing

Missing

release
size

recapture

33

1

1,556

126

1973

1,806

1974

Missing

Rejected tag returns
Weight at
Gross

recovery
size

estimated

measureme nt
error

7

5

2

0

1

31

14

11

107

1

26

8

2,490

130

2

20

1975

1,351

41

0

1976

1,526

6

Total

9,616

443

1

date

recovery

Total tag
returns

rejected
1

No. tag returns
accepted for
analysis

16

17

6

63

63

8

1

44

63

16

15

5

58

72

4

6

7

1

18

23

1

0

1

0

0

2

6

88

4
--

50

43

13

201

242

0ne return rejected because tag number was unknown.

-

Table 2.--C lassif icatio n of select ed tag data
by locati ons of releas e and recapt ure.

Releas e

Recap ture

East of 130°W
South of North of
38°N
38°N
Total

West of
130°w

Grand
total

Easter n Pacifi c

69

23

92

87

179

South of 38°N

63

7

70

30

100

North of 38°N

6

16

22

57

79

Wester n Pacifi c

8

15

23

38

61

Unknown

1

0

1

1

2

78

38

116

126

242

Grand total

Tabl e 3.--E stirn ates of von Bert alan ffy grow
th para mete rs
for Nort h Paci fic alba core by reca ptur e loca
tion and
estim ation meth od.

Reca pture
grou p

Samp le
size

n

BGC4 estim ates
1: (cm)

K

(yr- 1

)

Segu entia l estim ates
Fixed 1 (cm)
K (yr- 1 )
00

Aver age time out
K (yr)

A

93

94.5

o. 505

125. 0

0.21 0

1.02

B

73

107. 5

0.272

125. 0

0.191

1.11

C

61

98. 5

0.345

125. 0

0.178

1.50

B+C

134

102. 1

0.31 0

125. 0

0.184

1.29

A+B +C

227

100. 9

0.342

125. 0

0.192

1.18

Table 4.--An alysis of covaria nce compar ing growth rate of group A
with growth rate of group (B + C).

Asteris k indica tes growth rates

are differe nt at 5% signifi cance level.
Source of
variati on

Residu al
d. f.

ss

92

1.0310

B+C

133

1. 3351

Pooled

225

2.3661

Common line

226

2.4267

1

0.0606

MS

F

Individ ual lines
A

Differe nce

0.0105

0.0606

5.76**
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Figure 3.--Reg ression of growth variable , Y, on years between release
and recaptur e for albacore of Groups A (93 fish) and B + C (134 fish).
The slopes are estimate s of the von Bertalan ffy growth paramet er, K,
and they are signific antly differen t.
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Figure 5.--Comp osite length-fre quency distribut ions for North Pacific albacore
caught north of 38°N and south of 38°N off the U.S. west coast during the
1972-75 fishing seasons.

