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ABSTRACT

This paper explores several aspects ofa dual fishery isurface and longlinel on yellowfin tuna. Thunnus
albacores. The work is exploratory in nature and results, though indicative. are not conclusive for any
specific fishery. Our results indicate that the yield per recruit is higher for the longline fishery than for
surface gear ifall fish are available to both gears and higher for the combined gears than for either gear
fishing alone. The effect of fishing by one gear on yield to the other gear and the effect of the fishery on
stock fecundity is shown to be greater for the often assumed 1:1 sex ratio than for the ratios usually
observed. A simulation model was used to examine the interrelations of pattern of movement offish.
pattern of recruitment. and fishing strategy. It was assumed that movements were random and
recruitment occurred either only along the coast or throughout the fishing area. The results indicated
that either of these patterns of recruitment could allow for increased catch as the surface fleet moved
offshore. However. location or pattern of recruitment is shown to be important when measuring
natural mortality and for examining the potential of a localized fishery. primarily on younger fish.
relative to a fishery exploiting the full range of the stocks or to one taking primarily older fish. Tagging
and fecundity studies are suggested for further investigation of the questions examined in this paper.

An unsolved problem common to many ofthe tuna
fisheries of the world is the nature of the interac
tion between longline and surface (i.e., seining,
pole and line. and occasionally trolling and shal
low handline) fisheries for the same species.
Fisheries for yellowfin tuna, ThllllllllS albacares:
albacore, T. alallinga: bluefin tuna, T. thynll11S;
southern bluefin tuna, T. maccoyii: and bigeye
tuna, T. obeslls, are prosecuted by both types of
gear in the Pacific, Atlantic, and Indian Oceans.
Although there can be considerable overlap of
sizes of fish taken by the two types of gear, in
general. longline gear takes larger (older) fish.
Exploitation of a tuna stock by the two types of
gear presents management with the problems of
determining the effect of various combinations of
fishing effort by the two gears on both yield per
recruit to the two gears and l'ecruitment to the
stocks. In order to make these determinations. it is
necessary to estimate 1) availability ofthe stock at
each age to each of the two gears [The available
portion of the stock is subject to both other mortal-
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ity (any mortality not caused by gear of concern)
and fishing mortality caused by the gear of con
cern. The unavailable portion of the stock is sub
ject only to other mortality.], 21 fishing mortality
of the available portion of the stock caused by each
gear. 3) natural mortality. 4) growth. 5) fecundity,
and 6) the relationship between egg production
and recruitment.

The aim of this paper is to examine the interac
tions between longline and surface fisheries for
yellowfin tuna and to determine the impact such
interactions may have on the assumptions often
made in assessment ofyellowfin tuna fisheries and
thus on the assessment calculations themselves.
The paper is divided into three major sections. The
first section examines the relationship between
availability of the stockls) of yellowfin tuna to
surface and longline fishing and yield per recruit
to the two gears. This is an important. and to our
knowledge unexamined. aspect of all tuna fish
eries exploited by both types of gear; the subse
quent sections examine two asepcts of the biology
of tuna that can affect the catch by each type of
gear. The second section examines the effect ofage
specific sex ratios of yellowfin tuna on yield per
recruit to the two types ofgear and on egg produc
tion. The third section examines the effect of
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TABLE i.-Indices offecundity ofyellowfin tuna as interpolated
from Hayasi et al. (1972), for fish caught in the Pacific calculated
by multiplying average ova counts by percentage of mature
female fish for each age and then dividing each product by the
product calculated for age 3 fish.

fecundity indices were calculated by Hayasi et al.
(1972) for fish caught in the Pacific by multiplying
mean ova counts by percentage of mature female
fish for each age and then dividing each product by
the product calculated for age 3 fish. For much of
our work, we used estimates of the 1967-71 aver
age size (age) composition ofthe Atlantic yellowfin
tuna fishery made by Lenarz et a1. (1974) (Table 2>.
Use oflength-age key assumes that length and age
are equivalent. Sex composition shown in Table 2
is based on data from the Pacific.

Estimates of the size- (age-) specific instantane
ous coefficient of fishing mortality (F,) on an an
nual basis were made using the Gulland (1965)
and Murphy (1965,) method. The computer pro
gram COHORT, written by W. W. Fox, Jr., of the
Southwest Fisheries Center, was used to obtain
estimates ofF, for each 5-cm size interval, begin
ning at 32.5 cm. The estimation procedure was
initiated with a trial value ofF/ for the largest size
interval (Input F,>'

Estimates ofF, were obtained from the average
1967-71 catch composition data (Table 2) as was
done by Lenarz et al. (1974). When feasible it is
more desirable to estimate F, from individual
cohorts. This was not done because of the small
number of years in the data series and belief that
estimates from the average composition would
adequately reflect conditions of the fishery. In a
latter study, Fonteneau and Lenarz (1974) esti
mated F, for individual cohorts from a longer time

random migration or dispersal and location of re
cruitment of yellowfin tuna on estimates of mor
tality and yield per recruit to each gear. We have
restricted our analysis to yellowfin tuna but be
lieve that the concepts that we develop apply to the
other species as well.

MATERIALS AND METHODS

While stocks of yellowfin tuna are subjects of
important fisheries in all tropical oceans, infor
mation on vital parameters is sketchy and
nonuniform. For example, tagging information
available in the Pacific is lacking for the Atlantic
stocks. On the other hand, regulation ofthe Pacific
fishery makes interpretation of the catch informa
tion more difficult. Hence it is necessary to pick
and choose from the available information that
which is most relevant to the problems at hand.
Although the parameters are likely to differ for
fish from different oceans, ifnot fish from different
areas of the same ocean, few studies have conclu
sively demonstrated that such differences exist. In
addition, several (e.g., Lenarz et a1. 1974) have
found that conclusions from studies such as de
scribed in this paper are often insensitive to the
likely range of values of parameters such as
natural mortality, fishing mortality, and growth.
In the first and second sections, we have used data
primarily from the eastern Atlantic because his
torically catches have been more equally shared
by longline and surface fisheries than in the east
ern Pacific; in the third section we have modelled
the eastern Pacific since information on migration
patterns is more extensive. In both instances, the
results are intended to be general rather than
specific. Data extracted from one area and used in
another is thought to be the best available and the
question ofreal differences is left for further inves
tigation.

With a noted exception, the growth equation L
= 194.8 x (1 - e -0.421/-0.67.) estimated by Le Guen
and Sakagawa (1973) and length-weight equation
W = 0.0000214L2.9736 estimated by Lenarz (1974)
are used for yellowfin tuna where L is fork length
in centimeters, t is age in years, and Wis weight in
kilograms. Unless otherwise stated, we assumed
that the annual instantaneous coefficient of
natural mortality 1M) is 0.8 (Hennemuth 1961).
We estimated age-specific fecundity from two indi
ces derived by Hayasi et a1. (1972) (Table 1). Their
index I was obtained from longline data and their
index II was obtained from surface data. The
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Midpoint 01 size interval
(em)

80
85
90
95

100
105
110
115
120
125
130
135
140
145
150
155
160
165
170
175
180

Fecundity
index I

0.04
0.04
0.05
0.08
0.15
0.23
0.33
0.42
0.55
0.70
0.88
1.12
1.40
1.80
2.30
2.n
3.20
3.57
4.05
4.42
4.82
5.01

Fecundity
index II

0.07
0.14
0.21
0.27
0.36
0.42
0.51
0.61
0.70
0.81
0.92
1.04
1.15
1.28
1.37
1.50
1.62
1.76
1.91
2.06
2.23
2.43
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TABLE 2.-Composite catch in numbers ofyellowfin tuna by gear. sex, and size. Length composition by gear is based on
data from Lenarz et a\. (1974) on the Atlantic fishery. Sex composition is based on data from the Pacific (Murphy and
Shomura 19721.

Age at Midpoinl
bellinning of of size Male Female,nlerval inlerval

(yr) (em) Surface Longline Tolal Surface Longline Tolal

1.0579 35 1.179 0 1,179 1,179 0 1,179
1.1325 40 14.528 0 14.528 14.528 0 14,528
1.2039 45 61,563 0 61.563 61,563 0 61.563
1.2888 50 186.611 4 186,615 186.611 4 186,615
1.3710 55 237,622 11 237,633 237.622 11 237,633
1.4562 60 210,711 226 210,937 210,711 226 210.937
1.5445 65 121.824 324 122,148 121,824 324 122,148
1.6363 70 137,389 1.076 138.465 137.389 1,076 138,465
1.7317 75 102.046 2,718 104,764 102.046 2,718 104,764
1.8310 80 90.710 2.847 93,557 90,710 3.847 93.557
1.9348 85 67,060 6.013 73,073 67.060 6,013 73,073
2.0432 90 52,541 6.525 59.066 52,541 6.525 59.066
2.1568 95 51,366 5.833 57.199 51,366 5,833 57,199
2.2761 100 56,714 7.537 64,251 56,714 7,537 64,251
2.4017 105 52,752 17.036 69,788 52,752 17.036 69.788
2.5343 110 51.497 20,105 71,602 51.497 20,105 71.602
2.6748 115 35,981 22,017 57.998 35.981 22,017 57,998
2.8240 120 26.167 21.430 47,597 26,167 21,480 47,597
2.9832 125 30,779 28.679 59.458 30.779 28.679 59,458
3.1538 130 26,001 29,272 55.273 26,001 29.272 55.273
3.3376 135 21.975 22,345 44,320 21.975 22.345 44.320
3.5368 140 16,749 26.035 42.784 16,749 26,035 42,784
3.7542 145 26.919 38,782 85.701 11.661 16,800 28,461
3.9935 150 31.942 36,099 68,041 8.450 9.549 17,999
4.2595 155 24.727 33,933 58,665 3,767 5.170 8.937
4.5590 160 18,701 22.644 41.345 1.524 1.845 3,369
4.9017 165 14.497 13.140 27.637 573 519 1,092
5.3021 170 5,621 6.162 11,783 94 103 197
5.7838 175 3,703 240 3.943 21 1 22
6.3883 180 1.836 55 1,891 3 0 3
Total 1,781.711 371.093 2.152.804 1,679,858 254,020 1,933.878

E
"

.,• = 0.5 (~ - t\) N
"

(FI
"

+ FI,.e -,F/ + MI,IlI.-/,I)

For this equation it is assumed that the estimates
of FI are proportional to egg production per

span and obtained results similar to Lenarz et a\.
(1974).

The computer program MGEAR, written by W.
H. Lenarz, was used to obtain estimates of yield
per recruit using the Ricker (1958) yield equation.
A description and listing of MGEAR is available
from its author. The program was slightly mod
ified to calculate indices of egg production using
the following equation

where E 1,.1. =

FI
"N
"

M'l

index of egg production between
age t. and tz•
index of fecundity for age t\.
number of females in population
of age t\.
coefficient of instantaneous fish
ing mortality between age t\ and
age tz , and
coefficient of instantaneous
natural mortality between age t\
and age tz.

female. which is assumed to be continuous, and
that the rate of egg production is linear over the
interval (t •• tzl.

A computer program MIGR was written by J. R.
Zweifel to perform the calculations used for the
third section of this paper. Since new methodology
is developed. a description of the calculations will
be given in that section.

AVAILABILITY OF THE STOCK(S)
OF ATLANTIC YELLOWFIN TUNA

TO SURFACE AND LONGLINE GEAR

In previous works on yield per recruit, yellowfin
tuna of all ages in either the entire Atlantic (e.g.•
Hayasi and Kikawa 1970; Wise 1972; Hayasi eta\.
1972: Lenarz et a1. 1974), or in the eastern Atlan
tic (e.g., Fonteneau and Lenarz 1974) were as
sumed to be equally available to both longline and
surface gear. However, since the surface fishery
for yellowfin tuna occurs very close to the west
African coast (Fox and Lenarz 1973) while the
longline fishery for yellowfin tuna is distributed
throughout the tropical Atlantic, it seems possible
that the longline fishery is exploiting some fish
that are not available to the surface fishery. It is
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also possible that some stocklsl which are avail
able to surface fishing are never available to the
longline fishery. Since significant tagging efforts
have begun only recently in the Atlantic and the
results of these studies have not been published.
data are not available to evaluate the availability
of yellowfin tuna to both gears.

However. there is evidence from the Pacific that
yellowfin tuna are not equally available to long
line and surface gears. With the permission of W.
H. Bayliff of the Inter-American Tropical Tuna
Commission lIATTC), we examined yellowfin
tuna tag return data from the eastern Pacific dUI"
ing 1963-66 in an attempt to evaluate the avail
ability offish to both gears in that area. We tabu
lated the number of tag retul"ns for fish larger than
100 cm at retul"n by 10-cm size groups (Table 31.
All of the fish had been at liberty for at least 10 mo.
Although all of the tagged fish were measured
when released, not all were measured when recov
ered. Bayliff recommended the relationship

L = 167 (1 - e -0.6,,-0.8:33,)

estimated by Davidoffl 1963) for growth of yellow
fin tuna in the eastern Pacific as the best equation
to estimate the size of unmeasured fish. All of the
returns were surface-caught fish. even though
longliners captured a considerable number of yel
lowfin tuna in the eastern Pacific (east of long.
1300 Wl lKume and Joseph 19691. In fact for many
of the 10-cm size groups, the longliners caught
more yellowfin tuna than the surface gear
operators (Table 41.

TABLE 3.-Number ofreturns of tagged yellowfin tuna from the
eastern Pacific Ocean by size interval and year cW. H. Bayliff.
pers. commun.l.

Size interval (cm) 1963 1964 1965 1966

101-110 2 16 3 3
111-120 1 7 1 1
121·130 2 0 2 0
131-140 0 0 0 1
141·150 0 0 0 0
151·160 0 0 1 0

FISHERY BULLETIN: VOL. 76. NO.4

Again at the suggestion ofBayI iff, we estimated
the expected retul"n of tags from longline-caught
fish when all fish are equally available to both
gears. Assuming tag recoveries were independent
of each other, I"ecovered tags were repOl"ted at the
same I"ate by both components of the fishery, and
tagged fish were equally available to both gears:
then the expected returns of tagged fish ofsize i by
gear j in year k is given by

I = {:' when ,i,e i, between 101 and 110 om

6, when size is between 151 and 160
j = {l. when fish are caught by surface gear

2. when fish al"e caught by longline gear

{

I. when fish are caught in 1963
k = 2. when fish are caught in 1964

3. when fish are caught in 1965
4, when fish are caught in 1966

where R vA' = number of returns and
N'Jk = number of fish caught.

A dot in the position of a subscript signifies sum
mation of the variable over the subscript, e.g.. X

"k
2

= ~ X iik ·
j=\ .

Forty fish were returned by the surface gear
during 1963-66 (Table 3l. Using the statistics of
Tables 3 and 4 and the three assumptions. a return
of 5.4 of these tags would have been expected
from the longline fishery and 34.6 from the sur
face fishery. The chi-square value. corrected for
discontinuity, for the observed and expected re
turns (Equation 11 is 5.13, with probability
slightly less than 0.025. The power of the test of
the hypothesis of independence. equal reporting
rate. and equal availability was reduced because
we combined the year and size strata to avoid

TABLE 4.-Catch ofyellowfin tuna from the eastern Pacific Ocean (east of long. 130·W) in hundreds of
fish by size and gear IKume and Joseph 19691.

Size interval
(cm)

Surface
gear

1963 1964 1965

Longline Surface Longline Surface Longline
gear gear gear gear gear

Surface
gear

1966

Longline
gear
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101·110
111-120
121·130
131-140
141-150
151-160

653
473
508
237
240
212

336 4.082 173 3.386
455 2,245 465 2.211
390 720 1.078 1,895
751 448 804 905
541 320 469 498
144 102 104 194

30
93

444
758
466
205

2.926
2.044
1,312

718
536
204

54
116
304
515
575
200
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strata with low expected values. The probability
under Equation (1) of a returned tag being from a
surface-caught fish (Pilk ) is

The exact probability of all returns during the
1963-66 period being from surface-caught fish,
given the distribution of returns among year and
size categories, is

Our estimate of p.1. is 0.00152, which is very low
and indicates that Equation (1) does not hold.
Thus we may conclude that 1) tag returns are not
independent (e.g., fish that were captured from a
school and tagged may remain in the same school
until recaptured), and/or 2) longline recoveries are
reported at lower rates than surface recoveries,
and/or 3) the fish were not equally available to
both gears. Since all fish were at liberty for more
than 10 mo before being recovered, the assump
tion of tag returns being independent seems likely
to be valid. The independence oftag returns would
seem to be a desirable subject for further research
since the assumption is so often made in analyses
of tag returns. A considerable number ofsouthern
bluefin tuna have been recovered and returned by
longliners (Shingu 1970), indicating longline
fishermen do cooperate in tagging programs. Dur
ing the period of the study, the surface fishery was
only beginning to move offshore (Calkins and
Chatwin 1971), while the longline fishery was dis
tributed throughout the area (Kume and Joseph
1969l. Also, the fish that were released were
caught by surface gear, tagged, and released in
nearshore areas. Thus, tagged fish were probably
more representative of fish exploited by the sur
face fishery than those that were exploited by the
longline fishery, if two groups offish existed. Thus
it seems plausible that the tagged fish were not
equally available to longline and surface gears.

This is further evidence of unequal availability
of yellowfin tuna to the two gears in the Pacific.
Previously, Hisada (1973) showed that yellowfin
tuna caught near the surface using handlines
were ofthe same size as those caught by longliners
at the same time and in the same area of the
western Pacific. However, the surface-caught fish
tended to be more sexually matllre except in areas
in which the 26°C isotherm occurred at depths

Pilk = Nilk/Ni·/t

6 4
P = II II (Pilk)Ri./t.

.1. i=1 /t=1

(2)

(3)

fished by longliners. He attributed this phenome
non to a preference for warmer waters by sexually
mature fish and noted that larvae of yellowfin
tuna tend to be found at water temperatures ex
ceeding 26°C. Thus, some yellowfin tuna evidently
behave in a fashion that makes them available to
surface fishing but not to longline fishing. Further
evidence along these lines is provided by Shingu
and Tomlinson (Patrick K. Tomlinson, Inter
American Tropical Tuna Commission, La Jolla,
Calif. Pers. commun., 1974) who found that the
length-weight relationship estimated by Lenarz
(1974) for surface-caught yellowfin tuna in the
Atlantic was more representative of the longline
catch in the eastern Pacific than was the relation
ship estimated by Chatwin (1959) for surface
caught yellowfin tuna in the eastern Pacific.

With the above in mind, we considered three
hypothetical stock structures for the Atlantic yel
lowfin tuna fishery: 1) the same stock(s) are
equally available to both gears, 2) halfofthe catch
of the longline fishery comes from stock(s) not
available to the surface fishery, and 3) the entire
catch of the longline fishery comes from stock(s)
not available to the surface fishery. The effects of
the three hypotheses on estimates of fishing mor
tality and yield per recruit to the gear were
examined.

Using the data in Table 2, we estimated the
vector F of size-specific instantaneous mortality
rates F, under the three hypotheses which are
identified by the proportion cf> of the longline catch
which comes from the stocks exploited by the sur
face fishery as cf> = 1.0, 0.5, and 0.0 respectively.
For cf> = 1.0, all of the data in Table 2 was used to
estimate the F vector. For cf> = 0.5, the surface
catch plus 50% ofthe longline catch was used and
for cf> = 0.0 only the surface catch was used for
estimating F. When cf> = 0, an additional F vector
was estimated for a longline fishery operating
without the presence of a surface fishery by using
only the longline catch. The F vectors were then
used to calculate yield per recruit to the two gears.
Estimation ofa vector ofsize-specific F requires an
estimate of natural mortality and size-specific F
for one size category. In all instances, we chose to
use an estimate lof size-specific F 'for the fish
>177.5 cm. This estimate will be referred to as
InputF. The final value ofsize-specificF was set at
0.2 following Lenarz et al. (1974). The estimates
(FigUre 1) indicate that values of F for large fish
are directly related to the portion of the longline
catch that comes from the stock(s) exploited by the

811



FISHERY BULLEITN: VOL. 76. NO.4

0.9

>- 0.8
I-
::::;

0.7i:!
0::
0
~ 0.6
(!)
z
:i: 0.5
II)

i:i: .,
II) 0.4

~:::J
0 r
w

0.3
,I

z
"i:! iz

~
02 -- !IS = 0.0

~ 0---0 !IS = 0.5
0.1

6-·_·6 !IS = 1.0

0.0 40 60 80 100 120 140 160 180

FORK LENGTH (em)

5.4

~
...:

5.0
!:::
:::J
0::
u 4.6w
0:: 111=0.0.....

III =0.5C
0--0

oJ 4.2 ~ III =1.0w
>=

3.8--......."""'-..........-..-..-1-"'--.............-..---'---'
32.5 52.5 72.5 92.5

FORK LENGTH AT RECRUITMENT (em)

FIGURE 2.-Yield per recruit Ikilograms1ofAtlanticyellowfin to
surface and longline gear as a function ofsize at recruitment and
proportion of catch Ir/>l by the longline fishery that comes from
stockl s) exploited by surface fishery. The vector offishing mortal
ity is equal to the value at the time of study.

__ :00

~ _-05
_ .:1.0

...~
JS.;"

a

_ .~oo

- .:05
- .=10

FIGURE 3.-Yield per recruit of Atlantic yellowfin tuna as a
function of fishing effort and proportion of catch (r/>I by longline
fishery that comes from stock(s) exploited by surface fishery: (a)
size at recruitment is 32.5 cm. (bl size at recruitment is 77 cm.

04 OS 12 16 20 24 28 00 04 08 12 16 20 24 28

MULTIPLIER OF EFFORT MULTIPLIER OF EFFORT

cruit to the longline fishery in the presence and in
the absence of a surface fishery (Figure 4). The
results suggest that if the two gears exploit the
same stock(s), the surface fishery reduces the po
tential yield per recruit to the longline fishery by
about twofold at the position of the fishery during
the study period (i.e., multiplier of effort = 1) and
about fivefold for a threefold increase in effort. The
same procedure was used to examine the effect of
the longline fishery on the surface fishery (Figure
5). The results indicate that at the level of fishing
effort at the time of study, the yield per recruit to
the surface fishery would be increased by 25% if
the longline fishery ceased.

Although the presence of each fishery reduces
the yield per recruit of the other, the yield per

FIGURE 1.-Estimates ofsize-specific fishing mortality ofAtlan
tic yellowfin tuna as a function of porportion of catch (r/>l by
longline fishery that comes from stockls) exploited by surface
fishery.

surface fishery. The relative values of yield per
recruit within a hypothesis are not significantly
affected by the portion of the longline catch that
comes from the stock(s) exploited by the surface
fishery (Figure 2). Therefore, the three hypothet
ical stock structures do not seem to have much
bearing on decisions concerning minimum size
regulations.

Estimates of yield per recruit were also plotted
as functions of fishing effort (mortality), size at
recruitment, and portion of longline catch that
comes from stock(s) exploited by the surface
fishery. Again the relative values ofthe results are
not significantly influenced by the stock structure
(Figure 3a, bl. We note that Figure 3 is in agree
ment with the conclusion of Fox and Lenarz
(1974), "... that the Atlantic yellowfin fishery is
approaching or has obtained a plateau where sub
stantially increased sustainable average yield of
yellowfin tuna will not be obtained by increasing
fishing effort without some concomitant change in
the constitution of the fishery...." They used the
production model approach under the alternative
assumptions that either the longline or surface
gear exploits the same or separate stock(s).

The effect of the surface fishery on the longline
fishery was examined by estimating yield per re-
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EFFECTS OF AGE-SPECIFIC SEX
RATIOS OF ATLANTIC YELLOWFIN
TUNA ON YIELD PER RECRUIT TO

THE TWO TYPES OF GEAR AND
STOCK FECUNDITY

While a number of authors have noted that the
ratio offemales to males appears to be less than 1:1
for catches oflarger tunas. none to our knowledge
has incorporated these observations into calcula
tions of yield per recruit or stock fecundity.
Beardsley (1971) reported that the ratio offemale
to male Atlantic longline-caught albacore was
233:365 during the December 1969-September
1970 period. Males increasingly dominated at
sizes >100 em. Females slightly outnumbered
males between 92 and 100 em. One explanation for
the catch curves estimated by Beardsley is a 1:1
sex ratio at small sizes. a slightly slower growth
for females for fish >90 em. and beyond 100 em,
either a higher rate of natural mortality for
females or a change in behavior that makes
fp.mlllp.l'l Ip.l'll'l AVAiIAhl" t.h .. n 1'\'11>1"" t .... In......1:-

fishing. Other explanations exist. e.g., a combina
tion of low sex ratio and slow growth of females
throughout their life. Sakamoto (1969.> noted for
Atlantic bigeye tuna, "... males predominated in
areas of higher water temperature. Proportion of
females increase as the water temperature gets
lower." His data indicate that as size increases the
proportion of females decreases and females may
grow slower than males in waters between lat. 30°
to 500 N, but not in equatorial waters. Data pre
sented by Kikawa (1964) indicate that southern
bluefin tuna >150 em are predominantly males.
while females often outnumber males at smaller
sizes. Thus. female southern bluefin tuna may
grow more slowly than males.

Since there is considerable evidence for age
specific changes in the sex ratio of tunas, we be
lieve that the effects of such changes on estimates
ofyield per recruit to each gear type and fecundity
should be investigated. We have assumed sex
ratios to be the same as with Pacific yellowfin tuna
because no extensive studies of age-specific sex
ratios for Atlantic yellowfin tuna have been pub
lished. We used results from a study by Murphy
and Shomura (1972), who found that beyond 140
em male yellowfin tuna greatly outnumbered
females (Figure 6). The data in Figure 6 do not
show a large excess offemales in any size interval
and thus no evidence of sex-specific growth is
exhibited. Using their data and the age-length
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FIGURE 5.-Estimates of yield per recruit of Atlantic yellownn
tuna to the surface fishery as a function ofeffort and presence (<f>
=1.0l or absence (I/> =0.0l of longline fishery.

recruit ofthe combined fisheries is higher than the
yield per recruit of either fishery alone. The re
sults suggest that if a catch quota system is im
posed on the Atlantic yellowfin tuna fishery, all
components should be included unless it is shown
that different stock(s) are being exploited by the
gear.

The above results (Figures 4, 5) suggest that a
stock of yellowfin tuna will produce a potentially
higher yield per recruit to a longline fishery than
to a surface fishery, if the fish are equally avail
able to the two gears. However, until the question
ofavailability is settled. it is notpossible to predict
the potential production to the two gears. We point
out here that gear-specific availability is not well
known for any tuna fishery and would be difficult
to determine. Thus, we are faced with the prospect
of probably being forced to determine empirically
the production potential for each gear in each
fishery. After'a fishery is established. an analysis
of the type conducted on the Atlantic yellowfin
tuna fishery could be used to examine the effects of
availability to the two gear types. and a tagging
study could be designed to provide the required
answers.

FIGURE 4.-Estimates of yield per recruit of Atlantic yellowfin
tuna to the longline fishery as a function ofeffort and presence (<f>
= 1.0\ or absence ~I/> = 0.01 of a surface fishery.
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FIGURE B.-Length distribution by sex of longline-caught yel
lowfin tuna in the central Pacific Ocean (Murphy and Shomura
1972).

relationship of LeGuen and Sakagawa <1973), we
estimated that beyond 140 cm

35 55 75 95 115 135 155 175

SIZE (cm)

FIGURE 7.-Estimates of size and sex specific coefficient of in
stantaneous fishing mortality on annual basis (F) for Atlantic
yellowfin tuna for 1:1, BEH and HIGH M hypotheses (see text):
(a) low Input F. BI high Input F.

One interpretation of the above result (assum
ing that males have a coefficient of instantaneoij,s
natural mortality of 0.8 on an annual basis as do
all fish <145 cm) is that female yellowfin tuna
> 140 cm have a coefficient of apparent natural
mortality of 2.76. Assuming that the results of
Murphy and Shomura apply to the Atlantic and
that all yellowfin tuna are equally available to
both gears, we separated the catch of yellowfin
tuna into males and females using Equation (4)
and Table 2, and estimated F for the males using
Input F values of 0.2 and 0.8 for fish>177.5 cm
(Lenarz et al. 1974). An alternative method would
be to use the same InputF for the three hypotheses
at the smallest size interval. This was attempted
and resulted in either estimates ofF, which, based
on the results of other studies, appeared to be too
low under the 1:1 hypothesis or too high under
the other hypotheses. The estimates of size
specific F are similar except for very large yel
lowfin tuna (Figure 7). Since the deviations in sex
ratio from 1:1 occurs only at large sizes, we used
both sets of estimates of F.

In R = 6.74 - 1.96t

where R = ratio of females to males
t = age in years.

(4) For females, three hypotheses were examined
for estimating F: 1) the observed differences in sex
ratios are artifacts. and consequently females
have the same values of F and M as males (de
noted 1:11; 2) females >140 cm have a higher
natural mortality rate than males but are
exploited at the same rate as males for all sizes
(denoted as HIGH M): and 3) females have the
same natural mortality rate as males but become
less subject to fishing mortality beyond 140 cm
<denoted as BEH for behavior changesl. Under the
BEH hypothesis. F t for females >140 cm is equal
to the ratio of the catch of females to the catch of
males times F t estimated for males. The alterna
tive hypotheses considerably affected the esti
mates of size-specific F (Figure 7l.

In the following analyses, we found that the
BEH and HIGH M hypotheses produce similar
results. To save space. we refer to only the one
hypothesis that produced results which showed
the greatest difference from the 1:1 hypothesis.
Also. when not specifically indicated. size of re
cruitmentand effort are assumed to be those at the
time of the study. i.e., 1967-71 where the multi
plier of effort is equal to unity.

Estimates of yield per recruit as a function of
fishing effort are shown in Figure 8. The choice of
Input F has little effect on the relative values of
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FIGURE g.-Estimates ofyield per recruit of Atlantic yellowfin
tuna at level offishing effort at the time ofthe 8tudy for 1:1, BEH
and HIGH M hypotheses as a function ofsize at recruitment: (a)
high Input F, (b) low Input F.

(Figure 10). The results show that the curves are
more dome-shaped for the longline fishery than for
the surface fishery under all three hypotheses.
Furthermore, the longline fishery is more sensi
tive to fishing effort under the 1:1 hypothesis than
under the other two. The curves for the surface
fishery are dome shaped under the 1:1 hypothesis,
but appear to approach an asymptote under the
other two.

We also estimated yield per recruit for each gear
when the other gear is not exploiting the stock
(Figure 11). A comparison of Figures 10 and 11
reveals that yield per recruit to the longline
fishery would increase by about 115% if surface
fishing were eliminated under high Input F and
the 1:1 hypothesis and 76% under high Input F
and the BEH"hypothesis. Yield per recruit to the
surface fishery would increase by about 30% if the
longline fishery were eliminated under high Input
F and the 1:1 hypothesis and 22% under the BEH
hypothesis. Thus, the nature of age-specific sex
ratio has a greater effect on that of the longline
fishery than on the relative success of the surface
fishery. The curves for a longline fishery in the
presence of a surface fishery are dome-shaped
(Figure 10), while the curves in the absence of a
surface fishery are not (Figure 11). This again
points out the importance of not treating the two
fisheries as separate entities unless it is shown
that they exploit separate stocks.

Stock fecundity (egg production per recruit)
relative to an unfished stock was estimated as a
function offishing effort. Stock fecundity was con
siderably affected by the choice offecundity index
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yield per recruit. Yield per recruit is closer to the
maximum under high Input F than low Input F.
The curves are considerably more dome-shaped
when a 1:1 sex ratio is assumed than under the
other two hypotheses. Under high Input Fand the
1) hypothesis only a 3% increase in yield per
recruit could be obtained by increasing fishing
effort. Under the BEH hypothesis, a 20% increase
in yield per recruit could be obtained by doubling
the effort.

Estimates of yield per recruit as a function of
size at recruitment are shown in Figure 9. Again
the choice oflnputF has little effect on the relative
values of yield per recruit. A slightly greater de
pendence of yield per recruit on minimum size is
obtained when the high Input F is used. Under
high Input F, and the 1:1 hypothesis a 10% in
crease in yield per recruit could be achieved by
increasing size at recruitment. Under the BEH
hypothesis, only a 5% increase would occur.
Eumetric fishing occurs when size at recruitment
is raised from the current 32.5 to 82.5 cm under the
1:1 hypothesis and 72.5 cm under the BEH
hypothesis.

Estimates of yield per recruit as a function of
fishing effort were also calculated for each gear

FIGURE S.-Estimates of yield per recruit of Atlantic yellowfin
tuna at size of recruitment at time of the study as a function of
fishing effort and sex hypothesis: (a) high Input F. (bl low In
putF.
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demonstrating such a relationship is obtaining a
reasonably accurate estimate of stock fecundity.
Even if stock fecundity could be accurately deter
mined, the recruitment process is likely to be so
complex that much more research would be re
quired before a reliable predictor of recruitment
could be developed.

It is interesting to note that similar estimates of
yield per recruit and relative fecundity are ob
tained under the HIGH M and BEH hypotheses.
Thus it appears that research should be directed
toward determining whether or not the 1:1
hypothesis or one ofthe other two are valid rather
than distinguishing between the HIGH M and
BEH hypotheses. This research should be a fairly
simple matter. The choice of fecundity index is
also of significance for estimating relative fecun
dity. The difference between the two indices is
caused mainly by different maturity schedules
(Hayasi et a1. 1972). The surface-caught fish ap
peared to mature at an earlier age than longline
caught fish. and could be an artifact related to the
phenomenon noted by Hisada (1973); i.e., mature
fish tend to prefer warm water. It should also be a
fairly simple matter to determine the cause of the
difference between the two indices.
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FIGURE 1O.-Estimates ofyield per recruit ofAtlantic yellowfin
tuna when both gear fish at size of recruitment at the time of the
study as a function of sex ratio hypothesis. fishing effort. and
gear: lal surface gear with high Input F, I.bl longline gear with
high InputF. IC) surface gear with low InputF, and Id) longline
gear with low Input F.

and sex ratio hypothesis but only slightly affected
by the choice oflnputF (Figure 121. At the level of
fishing effort at the time of the study under high
Input F and 1:1 hypotheses, the relative fecundity
is 0.28 when the fecundity index I is used and 0.39
when fecundity index II is used. Under the HIGH
M hypothesis. relative fecundity is 0.55 when
fecundity index I is used and 0.61 when fecundity
index II is used. Thus, at the level of fishing effort
at the time ofthe study, the choice offecundity has
a 10 to 30% effect on estimates of relative fecun
dity, while the choice of sex ratio hypothesis has a
30 to 50% effect. The two choices, fecundity index
and sex ratio hypothesis, also have considerable
effect on relative fecundity when plotted as a func
tion of size at recruitment (Figure 13).

The relationship between stock fecundity and
recruitment has not been demonstrated for any
tuna. As shown above. one of the difficulties in

SIMULATION MODEL OF PATTERNS
OF DISPERSAL AND RECRUITMENT

OF YELLOWFIN TUNA

Factors that could cause groups of tuna to not be
available to all components of a fishery include
nonrandom movements, random movements but
nonrandom distribution of fishing gear or effort,
and recruitment that is nonrandom in a geo
graphical sense.

Extensive tagging experiments have not pro
duced any clear-cut evidence of a definite migra
tion pattern for yellowfin tuna in the eastern
Pacific. Bayliff and Rothschild (1974) recently
found evidence for both random dispersal and di
rected movements.. They were not able to remove
the effects on their data of lack of fishing effort in
some time-area strata and ofthe coastal boundary.
The evidence for directed movements indicated
that such movements were generally parallel to
the coast, suggesting that the presence of the coast
influenced their results. Fink and Bayliff (1970),
in a synthesis of extensive tagging data, proposed
that recruitment to the nearshore surface fishery
is not random in a geographical sense, but tends to
take place off Mexico and in the Panama Bight.
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FiGURE 12.-Estimatesofrelativestock fecundity at size at recruitment at the time ofthe study asa function offishing effort, fecundity
index, and sex ratio hypothesis: (a) high Input F and fe.cundity index I, (b) high Input F and fecundity Index II, (cl low Input F and
fecundity index I, and (dl low input F and fecundity index II.

With the above results in mind, we developed a
computer simulation model to examine the inter
relationships of: 1) patterns ofmovement offish; 2)
patterns of recruitment (i.e. by areal, and 3l

fishing strategy for two gear types (surface and
longlinel fishing alone or together on the same
population.

The model is general in that it allows the user to
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FIGURE 13.-Estimates of relative stock fecundity at level of
fishing effort at the time of study as a function of size at recruit
ment, fecundity index, and sex ratio hypothesis: (a) high InputF
and fecundity index I, lb) high InputF and fecundity index II, (c)
low Input F and fecundity index I, and (d) low Input F and
fecundity index II.
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2) Probabilities projecting beyond the northern
and southern edges are similarly absorbed on the
boundaries.

3) In cells of rows 2 and 7, probabilities ofmov
ing toward rows 1 and 8 are decreased by halfwith
the probability of remaining stationary increased
by a like amount. This is an attempt to simulate a
stock encountering increasingly marginal condi
tions as the northern and southern boundaries are
approached.

4) Probabilities of remaining stationary on the
western edge are augmented by the probability of
returning from beyond the boundary in a single
time interval. The remainder of the fish that move
beyond the western boundary are lost to the sys
tem.

FIGURE 14.-Representation ofeastern Pacific Ocean. Each cell
represents a 5° square area. Hatched cells represent land. Col
umn 1 is western boundary and Column 14 is eastern boundary.
Row 1 is northern boundary and row 8 is southern boundary.
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The speed ofdispersion is controlled both by A and
the time interval. The time interval was 3 mo for
this study. The combination of A as defined and
time interval of 3 mo allows a fish to travel a

.maximum of 1,200 mi in a year. Only lout of 820
surviving fish that begin the year in the center of
the grid travell,200mi in a year. These relatively
slow random movements seemed reasonable,
based on the results shown in Bayliff and
Rothschild (1974) and recent results of IATTC
tagging studies (Inter-American Tropical Tuna
Commission3 ).

Two alternative recruitment models were
examined. For the first, denoted as inshore re-
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1) Probabilities of remaining stationary in cells
adja~nt to.the shore are augmented by the sum of
probabilities of those movements which would
otherwise put fish on land and the probability of
occurrence on land is zero.

where Nt (112 x 1) has elements (11;), equal to the
number offish in cell i at time t, 8, (112 x 112)is a
diagonal matrix with elements (Sii)t equal to the
survival rate offish in cell i from time t - 1 to time
t, A(112 x 112) is a probability transfer matrix
with elements (a ij) equal to the probability ofa fish
in cell) moving to cell i, and where N o(112 x 1) has
elements (n;)o equal to the number of recruits in
cell i. Five consecutive year classes are in the
system at a time.

For our work we specified A, the transfer ma
trix, by the assumption that for any cell the prob
abilities of fish remaining stationary and moving
to each of eight adjacent cells is the same, i.e., 1/9.
Any other transfer has zero probability. This gen
eral rule is modified as follows:

.3 '-=3';"2S:-'-=:S2~.S""-:c:72":-S ""'92""'.""S'-1I~2S=-'","""'32.5

10

specify the nature of movements, locations of re
cruitment, parameters of growth, and natural
fishing mortality. .

We crudely represented the eastern Pacific
Ocean with the grid of 5° square areas shown in
Figure 14. The number of fish of a specific age in
each cell at time t is given by the vector
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cruitment, recruits are divided equally among the
five cells 51, 52, 69, 83, and 84, which resemble the
recruitment areas proposed by Fink and Bayliff
(1970). For the other alternative, denoted as uni
form recruitment, recruits are divided equally
among all cells except those on the boundaries or
on land. Total annual recruitment is 100 fish. We
assumed i) that fish are 1yr old when recruited, 2)
growth proceeds according to the von Bertalanffy
curve of LeGuen and Sakagawa (1973), and 3) the
coefficient of instantaneous natural mortality is
0.8 on annual basis and is independent oftime and
location. Fish >6 yr old 1175 cm) were removed
from the system. Consequently, under constant
conditions the fishery reaches equilibrium in 5 yr.
The system was always run for 5 yr before an
experiment was begun.

We first examined the effects of sampling loca
tion, dispersal, and location of recruitment on age
distribution and the resulting apparent rate of
natural mortality obtained from unbiased sam
ples from an unfished population. Mortality was
estimated with the standard linear regression
model (In Nt = In No - Mt) from the age distribu
tion offish in each cell. It is assumed that mortal-

ity is constant after full recruitment, and that the
modal age represents first age of full recruitment.
The results reveal that M is usually overestimated
as would be expected when fish emmigrate from a
sampled area (Figure 15). Estimates of M tend to
be relatively high near areas of spawning with
inshore recruitment. In the case of uniform re
cruitment, estimates ofM tend to be highest on the
western boundary where fish are lost to the sys
tem. Modal age tends to increase in a westerly
direction for inshore recruitment and"stay rela
tively constant for uniform recruitm~nt (Figure
15>. The modal size of actual catches of surface
caught yellowfin tuna in the eastern Pacific in
creases in a westerly direction (Figure 16). Al
though the surface fishery probably does not take
an unbiased sample of the size distribution of the
population, the data are suggestive of reduced re
cruitment in the western areas.

We simulated a 20-yr hypothetical yellowfin
tuna fishery to examine interactions among a
longline fishery, inshore surface fishery, ocean
wide surface fishery, and ocean-wide surface
fishery that does not heavily exploit young fish as
follows:

ROW
A·I

14 13 12 II 10 9 8 7 6 5 4 3 2 I

COLUMN

o----.....,MODAL AGE
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FIGURE 15.-E8timates ofcoefficientofinstantaneous natural mortality on annual basis 1M I and modal age
ofyellowfin tuna by row and column: (AI inshore recruitment. and (B) uniform recruitment.
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and longline fishery was about 17% higher than
with a longline fishery alone, 54% higher with a
uniform surface fishery than with only a longline
and inshore surface fishery, and increased by 9%
when F for small fish was reduced by 75%. Under
the assumption that the catchability coefficient is
independent of area, the surface fishery increased
its equilibrium yield per recruit about fourfold by
increasing its effort about 12-fold when it ex
panded into offshore waters. The same action de
creased yield per recruit to the longliners by about
55%.

We next examined the potential yield per re
cruit to longliners in rows 5, 6, 7, and 8 by starting
a longline fishery with the age-specific F vector
multiplied by the scalar 0.3 and then multiplying
by 1.3 each year afterward. Yield per recruit:ap
pears to approach an asymptote of about 6 kg for
inshore recruitment and 5 kg for uniform recruit
ment (Figure 18). The reduction in catch per re
cruit per effort by fishing is not significantly af
fected by choice of recruitment model. Even
though catch per recruit per effort at high levels of
effort was only about 20% ofthat at the beginning
of exploitation, overfishing in a yield-per-recruit
sense did not occur. Average size of fish in the
catch was not significantly affected by the re
cruitment model, and decreased from about 50 to
30 kg with increased fishing effort (Figure 18).

A simulation for an inshore surface fishery indi
cated an asymptotic production curve with a
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FIGURE 17.-Yield per recruit of hypothetical yellowfin tuna
fishery: la) total, (b) longliners in all areas, lc) surface gear in all
areas, Cd) longliners in cells 71 and 85, (el surface gear in cells 71
and 85. (0 longliners in cells 69, 84, and 97. and 19l surface gear
in cells 69, 84, and 97.
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Age Surface gear with
(yr) Longline gear Surface gear reduced F

1.0 0.00 0.30 0.08
1.5 0.00 0.30 0.08
2.0 0.05 0.22 0.06
2.5 0.15 0.20 0.20
3.0 0.25 0.18 0.18
3.5 0.35 0.30 0.30
4.0 0.45 0.35 0.35
4.5 0.40 0.42 0.42
5.0 0.40 0.27 0.27
5.5 0.20 0.20 0.20
8.0 0.05 0.15 0.15

Steps 1,2, and 3 resemble the sequence ofevents in
the eastern Atlantic fishery for yellowfin tuna.
Yellowfin tuna first were exploited in a significant
fashion by longliners in a 10° band along the
equator, then a nearshore surface fishery became
significant, and in recent years some exploitation
by surface gear in offshore areas has occurred. To
our knowledge, step 4 has not occurred in the At
lantic. Age-specific fishing mortality rates similar
to those by surface gears estimated by Lenarz et al.
(1974) for the Atlantic yellowfin tuna fishery were
used (Table 5). The Ricker yield equation was used
to calculate yield for each time-area stratum.

Total yields per recruit were calculated and are
shown in Figure 17. Yields per recruit are quite
similar for both recruitment models except near
shore, where yield per recruit was considerably
higher for the inshore recruitment model than for
the uniform recruitment model. The difference in
yield per recruit between the two models decreases
slightly as time increases. Yield per recruit closely
approached equilibrium yield within 3 yr after a
change was made in the fishery. Total equilibrium
yield per recruit with an inshore surface fishery

TABLE 5.-Estimates of age-specific F on an annual basis used
as baseline for simulation. See text for modifications ofmortality
rates during simulation.

1) For the first 5 yr only longliners fished and
only in rows 5 to 8.

2) For the next 5 yr, this longline fishery was
augmented with surface gear in all cells adjacent
to the coast.

3) Next, exploitation by the surface gear was
expanded to include all cells for 5 yr.

4) Finally, for the last 5 yr, age specific surface
fishing mortality was reduced by 75% for fish <2.5
yr of age because much of the surface catch of
yellowfin tuna in offshore areas of the eastern
Pacific comes from schools associated with por
poise. Typically. porpoise schools contain few yel
lowfin tuna <2.5 yr of age (Calkins 1965l.



6

!
l
S 4
a:
~
!!:
o
..J
UJ
;::

~~j~
/ 03

j----. UNIFORM RECRUITMENT 0.2

0--0 INSHORE RECRUITMENT ~

o~~

FISHERY BULLEITN: VOL. 76. NO.4

c

d

l-

I:1~-===-:-; i3~, ~
>01234567901234567

MULTIPLIER OF EFFORT MULTIPLIER OF EFFORT

e

FIGURE 18.-Yield per recruit. yield per recruit per effort. and average size ofcatch for hypotheticallongline fishery: (a) total yield per
recrnit, Ibl total yield per recrnit per effort. Ic) yield per recruit per effort in cells 71 and 85, Idl yield per recruit per effort in cells 69, 84,
and 97, and (e) average size in all squares.

FIGURE 19.-Yield per recruit, yield per recnrit per effort, and
average size ofcatch for hypothetical inshore surface fishery: (a)
yield per recrnit, (bl yield per recrnit per effort, and lel average
size of fish in catch.

9

a

b

c

B2 3 4 5 6 7

MULTiPLIER OF EFFORT

o

4
~

f- 3 - UNIFORM RECRUITMENT5
0::

0--0 INSHORE RECRUITMENTu....
20::.....

0
...J....
;::

f-
0::
0......

.10

~
.........
f- .085
0:: .06u.... .040::.....
0 .02
...J....
;::

a. 30..
....
N 20
in
~....

(l) 10«
0::...
:i'i

maximum yield per recruit of about 1.4 kg for
uniform recruitment and 2.2 kg for inshore re
cruitment (Figure 19), Catch per recruit per effort
was reduced by about 75% under both alterna
tives. The ratio ofmaximum yield per recruit for a
longline fishery to an inshore surface fishery was
about 2.7 for inshore recruitment and 3.4 for uni
form recruitment. Average size offish in the catch
was about 2 kg higher for uniform recruitment
than for inshore recruitment and decreased from
16 or 18 kg to 8 or 11 kg with increased fishing
effort (Figure 19).

Simulation ofa uniform surface fishery revealed
that choice of recruitment model had an insig
nificant effect on yield per recruit, catch per re
cruit per effort, and average size of catch, except
that catch per recruit per effort in the nearshore
area was relatively high for inshore recruitment
(Figure 2m. A 75% reduction in F for fish <2.5 yr
old had considerable effect on the results. Maxi
mum yield increased from about 5.1 to 6.9 kg when
F was reduced. Both yield curves are dome
shaped. Catch per recruit per effort became rela
tively higher at high levels of effort when F was
reduced. As expected, average size was consider
ably higher for reduced F.

With inshore recruitment, maximum yield per
recruit changes from about 2.2 kg for an inshore
fishery (Figure 19) to about 5.1 kg for a uniform
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fishery (Figure 20). With uniform recruitment,
maximum yield per recruit changes from about 1.4
kg for an inshore fishery to about 5.0 kg for a
uniform fishery.

The results of this section indicate that the pat
tern of recruitment is primarily of interest for
examining the potential of a nearshore surface
fishery to a surface fishery that exploits the entire
area or a longline fishery. The presence of some
small yellowfin tuna in length-frequency data for
offshore areas from the eastern Pacific fishery
(Figure 17) reveals that some recruitment occurs
offshore. Recruits apparently are not highly
available to surface fishing offshore because most
yellowfin tuna are caught in schools associated
with porpoise. Such schools normally contain only
low percentages of small yellowfin tuna. A well
designed tagging study could provide estimates of
the exploitation rate by size for yellowfin tuna in
the offshore areas. Until the pattern of recruit
ment is determined, it will be necessary to con
tinue estimations of relative production to

longliners, inshore surface gear, and offshore sur
face gear in an empirical fashion.

We examined only one reasonable example ofan
infinite number of possible configurations of the
transfer matrix A and time interval. Further use
of the model should include a sensitivity analysis
of the results to choice of A and number of cycles
per year.

SUMMARY AND CONCLUSIONS

This paper examines three aspects of dual
fisheries (surface and longline) on yellowfin tuna.
Models ofyellowfin tuna fisheries are developed to
evaluate possible effects of unknown components
of the biology and behavior on the fisheries. The
results.' while not conclusive because of in
sufficient knowledge, indicate the magnitude of
the effects of those factors which were examined.

We present evidence that not all yellowfin tuna
are equally available to longline and surface
fisheries in the Pacific Ocean. We show that three
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models of availability of yellowfin tuna to the two
types of gear in the Atlatnic Ocean do not have
much effect on decisions concerning minimum size
regulations. If fish are equally available to both
gear types, yield per recruit is higher to a longline
fishery than to a surface fishery, but is higher for
the combined gears than to either gear fishing
alone.

We also note that there is considerable evidence
that large females of all commercially important
Thunnus are caught in fewer numbers than large
males. The effect of this phenomenon on yield per
recruit and relative stock fecundity was examined
for Atlantic yellowfin tuna. When plotted against
fishing effort, yield per recruit is more dome
shaped when the sex ratio is 1:1, as is usually
assumed, than when the sex ratio is as observed.
Changes in size at recruitment also have a greater
effect on yield per recruit when the sex ratio is 1:1
than when the sex ratio is as observed. -Competi
tion between longline and surface fishing is more
intense when the sex ratio is 1:1 than otherwise.
The fishery has a greater effect on stock fecundity
if the sex ratio is 1:1 instead of that observed.

Tagging studies ofy~llowfintuna in the eastern
Pacific indicate that movements are fairly slow
compared with more highly migratory species
such as albacore and bluefin tuna and have not
produced any clear-cut evidence of a definite mi
gration pattern. Size 'composition of the catch
suggests that recruitment to the fishery occurs
mainly along the coast of Central America. A
simulation model was developed for the eastern
Pacific to examine the interrelationships of pat
terns of movements of fish, patterns of recruit
ment, and fishing strategy. It was assumed that
movements were random and recruitment occur
red either along the coast or throughout the east
ern Pacific. The results indicate that either pat
tern of recruitment could allow the increased
catch observed in the Pacific as the surface fleet
moved offshore. However, the pattern of recruit
ment does affect the potential yield per recruit ofa
nearshore surface fishery relative to a surface or
longline fishery that expl~itsthe entire area. Both
choices of recruitment models resulted in an as
ymptotic relationship between yield per recruit
and effort for a longline fishery over the range of
effort examined. Overfishing in a yield per recruit
sense did not occur, even though catch per effort
decreased by 80%. Approximately the same re
sults were obtained for an inshore surface fishery.
However, curves of yield per recruit plotted
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against effort for a surface fishery that exploits the
entire area are dome-shaped.

The study reveals several biological and be
havioral parameters which, because of lack of
knowledge or information, are rarely considered
but do appear to have a significant effect on some
aspects ofthe dynamics ofyellowfin tuna fisheries.
Tagging and fecundity studies are suggested in
order to fill these gaps. Perhaps as important,
other aspects of the dynamics of yellowfin tuna
fishing appear to be insignificantly affected by the
examined parameters.
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