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Synopsis

Stze compositions and total landings of skipjack tuna caught in the southeastern
Brazilian waters by bait-boats are used as the basis of the assessment of the
population for 1980-1983 period, employing the length cohort analysis and virtual
population analysis. From monthly size frequency data it is suggested that there is
constant immigration and emigration of different modal groups in the fishing area

with an interval of two to three months.

The exploitation rate was very low for
length class between 35-45 em FL, then increased gradually.

The weighted mean

exploitation rates were 0.060 and 0.448, respectively for length classes smaller
and larger than 55 ecm FL. The estimate of the average number of fish attaining a size

of 43 em FL (recruit) was 11.0 x 10°
X = 0.307.

inerement in yield is 8% and 12%, respectively.

fish for assumed values of M = 0.7 and
Increasing the fishing mortality rate by 30% and 50%, an estimated

From virtual population analysts,

we obtained the biomass estimate of skipjack population older than two years-old to
be 70.3 thousand tonnes for assumed value of M = 0.7 and the estimated MSY was

24.6 thousand tonnes.

Descriptors:
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Commercial fishing, Continental shelf break, Pole-line
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Katsuwonus pelamis, Scombridae, SW Atlantic, Southern coast: Brazil,

Descritores:

Biomassa, Recrutamento, Explotagéo, Estimativa do estoque, Rendimento

potencial, Pesca comercial, Borda da plataforma continental, Pesca com
linha/isca-viva, Katsuwonus pefamis, Scombridae, Atlantico Sul Ociden-
tal, Costa sul: Brasil, Costa sudeste: Brasil.

Introduction

A bait-boat fishery for skipjack tuna
(Katsuwonus pelamis) in Brazil began

in 1979 and now involves several tens

of bait-boats adapted frem other fishing
boats (Matsuura, 1983a). They operate
in the open sea along the edge of the
continental shelf off southeastern
Brazil from Cape Sao Tome (22°S) to the
south of Cape Santa Marta Grande
(28°30's) (Fig. 1).

The number of bait-boats increased
rapidly from seven in 1979 to nearly
100 in 1981-82, decreasing to 60 during
1983. The bait-boat catch has increased
from 1,850 tonnes (t) in 1979 to about
18,000 t in 1982. The estimated catch
in 1983 will be about 15,500 t.
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Because the bait-boat fishery in
Brazil started recently, there is little
information on the biology of skipjack
tuna in this area. Most of the
information available was collected
during the International Skipjack Year
Program organized by the International
Commission for the Conservation of
Atlantic Tunas (ICCAT). For example,
Cayre & Farrugio (1983), Goldberg & Au
(1983) and Jablonski et af. (1983)
studied the sexual maturity and spawning
of skipjack tuna off the southeastern
Brazilian coast. Matsuura (1982;
1983b) studied skipjack larval abundance
in the western central Atlantic. An
analysis of skipjack tuna stomach
contents was carried out by Ankenbrandt
(1983) and those of predator fish
preying on skipjack was made by Zavala-
Camin (1982; 1983).

With regard to population dynamics,
Fonteneau (1983) used cohort analysis to
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southeastern Brazilian waters.

study the state of Atlantic skipjack
stocks, using data taken from both the
eastern and western Atlantic. For the
eastern Atlantic population he
calculated the vectors of the coefficient
of fishing mortality (F) using two
hypotheses of constant recruitment, i.e.
moderate and low exploitation levels.
For the western Atlantic population the
same author combined data from the
Brazilian bait-boat fishery in 1980-
1981 with those taken from the Caribbean
Sea by the United States and Cuban boats
since 1973. Neither biomass nor fishery

potencial estimates were made for the
western Atlantic population.

The present paper estimates annual
recruitment and total biomass of the
exploited stock of skipjack tuna in the
actual fishing area of the Brazilian
bait-boats.

Material and methods

The basic data used were length
frequencies obtained from commercial
landings at the Rio de Janeiro fish
market during the period March 1980 to
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August 1983. Figure 2 shows monthly
catches of skipjack tuna from 1979 to
1983 inclusive. The total number of
skipjack tunas measured was 27,650. To
cover all the fishing areas, an attempt
was made to obtain the maximum number
of samples from commercial boats each
month. The total catch of skipjack tuna
was obtained from the landing control
system of the SUDEPE (Superintendencia
do Desenvolvimento da Pesca), including
both the Rio de Janeiro and Itajai fish
markets.
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Fig. 2. Monthly catch of the skipjack

tuna landed at the fish
markets in Rio de Janeiro and
Itajai ports, 1979-1983.

The lenght cohort analysis of Jones
(1974; 1981) and the virtual population
analysis of Gulland (1965) were used to
estimate recruitment and population
biomass. To estimate potencial yield,
the XMB-model of Gulland was used. The
maximum sustainable yield (MSY) of fish
stock can be estimated with the
following formula, MSY = X.M.B_ , where
M = natural mortality coefficient, B_ =
biomass of virgin stock, and X =
constant. In this paper, the constant
X = 0.5 was applied.

Population parameters of skipjack
tuna were taken from other papers

presented in the proceedings of the
Internacional Skipjack Year Program.
The following parameters were used:

1) Natural mortality coefficient:

M=10.6-0.8...... Fonteneau (1983)
2) Length-weight relationship:
W= 748 8 1T g 100 e
.......... Cayre & Laloe (1983),
where W = weight in kg and L = fork
length in cm.
3) Von Bertalanffy growth curve
constants:
Lt = Lw(l - EXP(=K(t - to))),
L, =86.7 cm, K = 0.307
and t, = —0.317 sciiveviiencnnnaienne
........ Chur et al. (1983).

For comparative purpose, another
value of K obtained from tagging data
was used:

Ki= 0.322 oo

Bard & Antoine (1983).

The method used to estimate numbers
of skipjack tuna caught in each length
class was similar to that described by
Jones (1979) and to estimate the mean
weight at each length class, the
equation presented by Cayre & Laloe
(1983) was used.

Using the length frequency data
taken at the Rio de Janeiro fish market
and catch data from all fishing areas,
estimates of the numbers landed in each
length class have been made for each
year and then the average number of
fish for the four year period was
calculated (Table 1). Length frequency
data from 10 and 8 month periods were
used for 1980 and 1983, respectively.

A cohort analysis of the length
composition data has been carried out
using the method described by Jones
(1974; 1981). Because we have a
probable range of natural mortality
coefficients (M = 0.6 - 0.8) and two
estimates of growth coefficients (K =
0.307 and 0.322), various combinations
of these parameters were used. The
southern Brazilian skipjack fishery was
commenced recently, therefore we chose,
as input data, some relatively low
values of the rate of exploitation
(F/Z = 0.4, 0.5 and 0.6) for the largest
length class. Since there was little
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"Table 1. Estimated number (in thousands)
of skipjack tuna caught annually
in southeastern Brazilian coast
for the period 1980-1983

difference between results obtained
assuming different exploitation rates,
only the results obtained from the
lowest exploitation rate, i.e. F/Z =
0.4, are given here. For each
combination of the values of M and K,

Year
Length class (e sl T M we calculated the following information:
-3 - = - T.64 1.91 - -
=L - . C oaen G 1) values of the exploitation rate for
- 4l - - - s e each length class,
hpEe Loe - T e 2) estimates of annual recruitment of
43 - 45 .16 9.17 12.22 14.42 10.81 . S
45 - 47 16,56  36.68  20.51  76.39  39.54 fish attaining 43 cm FL,
41 - 49 27.61  94.77 105,91 179.52  101.9% 3) biomass of Skip_‘i ack stock in the
49 =51 26,23 168.14 136.27 313.20 185.96
51 - 53 63,50 302,65 154,41 443,07 290.91 area.
53 - 55 63.50  314.BB  492.91  &BS.90  140.05 > .
55 - 57 122.86  293.48  525.50  492.72  35B.64 For application of the length cohort
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Fig. 3. Monthly size frequency composition of skipjack tuna observed at the
Rio de Janeiro fish market, 1980-1983.
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42-82 cm FL in 1980, 43-79 cm FL in 1981
and 41-78 cm FL in 1982. 1In 1983 many
specimens smaller than 40 cm FL appeared
during the period April-June and the
observed range was 34-79 cm FL. The
total number of skipjack tuna measured
was 27,650, ranging from 34 cm to 82 cm
FL with a mean length of 58.3 cm FL.

The changes observed in the monthly
length frequency distributions failed
to show any regularity in progressive
growth of each modal group and there
was no definite periodicity in the
appearance of new modal groups,
suggesting constant ingress and egress
of different modal groups of fish in
the fishing area. 1In this figure we
can follow the presence of the same
modal group for two to three months,
after which they were replaced by
another modal group.

Estimates of nrate of exploitation

Values of the rates of exploitation
(F/Z) for each length class have been
determined by length cohort analysis
using the average numbers of fish
landed over the four year period
(Table 2). We can see that the
exploitation rate decreases with an

increase in the assumed values of M/K.

The exploitation rate at each length
for an intermediate value of M (0.7) and
a growth constant (K) of 0.307 is shown
in Figure 4. The estimated F/Z values
were very low for length classes between
35 and 45 cm FL, then increased
gradually up to 0.4 in the 53-55 cm FL
class. Above this size the values of
F/Z ranged between 0.41 and 0.58. The
weighted mean exploitation rates were
0.060 and 0.448, respectively for length
classes of 35-55 cm and larger than 55
cm FL.
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Fig. 4. Change of exploitation rate
(F/Z) by length class of
the skipjack tuna observed

over the period of 1980-
1983.

Table 2. Values of the rate of
exploitation (F/Z) using
the length frequency
distribution of skipjack
tuna for the period 1980-

1983
| M= 0.6 K= 0.7 M = 0.8
by [ K= 0.307 ke 0.322 [Ke 0,307 K= 0.322 | k= 0,307 K= 0.322
35 - 37 0.002  0.002  0.001  0.002  0.001 0.001
- 0.008  0.008  0.005  0.006  0.003  0.004
39 - &1 0.004 0.005 0.003 0.003 0.002 0.002
&l = &3 0.003 0.003 o0.002 0.002 0.001 o.oo02
&) = &5 0.014 0.015 0.010 0.011 0.007 0.008
45 - &7 0.051 0.056 0.036 0.041 0.026 0.030
A&7 - &9 0.127 0.138 0.095 0.105 0.070 0.079
&% - 51 0.222 0.239 0.172 0.188 0.131 0. 140
31 =53 0.330 0.350 0.266 0.286 o.210 0.231
i)-= 53 0.394 D.&l3 0.326 0,348 0.264 0.288
55 - 57 0.441 D.4b4 0.37& 0.397 0.0 0.33&
57 - 59 0.481 0.502 0.412 0,635 0.347 0.372
39 - 61 0.547 0.567 0.a79 0.502 0,612 0.438
bl - b3 0.563 0,583 0,496 0.51% 0.430 0,456
63 - 65 0.573 0.592 0.507 0.529 0,442 0, hbl
b3 - b7 0.608 0.626 0.544 0.565 0.479 0,504
67 - 69 0.629% D.646 0,565 0.587 0.501 0.52%
89 - 71 0.626 D.644 0.562 0.58) 0,697 0.522
-1 0.5%0 0.609 0.524 0.546 0.459 U.4Bs
3= 75 0.526 0.545 0.a60 0.482 0,399 0.422
7S5 - 17 0.594 0.612 0.533 0.554 0.475 0,697
7 -79 0.571 0.588 o.514 0.533 0.460 0.481
% - 8l 0.624 D.838 0,578 0.59) 0.53% 0.551

MK 1.95 1.883 2.280 1.174 2.606 2. 484

Annual recruiltment

As pointed out in the original paper of
Jones (1981), it is convenient to use
the average numbers of fish caught per
year over a period of several years to
eliminate the possible influence of
fluctuations of recruitment. In this
case we are assuming that the length

‘composition is representative of a

steady state situation and that the
numbers caught represent the annual
catch per length class.

Estimates of the average numbers
(in thousands) of fish attaining each
length class annually over a period of
four years (1980-1983) is shown in
Table 3. The smallest length class
common to the four years' observation
was 43 cm FL; thus we used this value
as the size of first recruitment in
this region. The estimate of the
average number attaining a length class
of 43 ecm FL over the four year period
was 11.0 x 10° fish for assumed values
of M = 0.7 and K = 0.307.



34 Bolm Inst. oceanogr., S Paulo, 33(1), 1985

Table 3. Estimate of average
numbers (in thousands) of
fish attaining each length
class by length cohort
analysis, using the average
numbers of fish caught

annually for the period

1980-1983
T No.Caught ].No.in Sea T | |

Length cu-s| (1000} (1000) | Fiz l Zht Fat &
(em) 1
s =37 1.9 16235.3 0.001 0.090 0.000 0.129
7 -3 6.7 1a836.8 0.005 0.094 0,000 0.134
39 - 4l 3.8 13504, 1 0.003 0.098 0.000 0.140
41 - 43 2.3 L2244.0 0.002 0.102 0.000 0.146
&Y - &5 10.8 11054.2 0.010 . 108 0.001 0.153
45 - 47 39.5 §924.1 0.036 0.118 0.004 0.160
&7 - 49 101.9 BE3L.T 0.095% 0.130 0.012 0.168
49 - 51 185.9 7756.4 0.172 0,150 0.026 0.178
3 -33 290.9 8675.2 0.2686 0.179 0.048 0.188
53 - 35 340.0 5580.6 0.326 0.207 o.067 0.199
55 - 57 358.8 4536.9 0.374 0,238 0.089 0.213
37-5 9.7 1577.6 0.412 0.271 0.112 0.227
5% - 6l SLL 2728.8 0.47% 0.31% 0,157 0.245
61 - 63 J00.1 1964.1 0.496 0.368 0,183 0.265
63 - 83 232.0 1359.2 0.507 0.410 0.208 0.289
85 - &7 189.0 901.9 0.544 0,487 0.265 0.318
67 — 83 135.8 554.2 0.563 0.568 0.321 0.353
6 - 71 82.7 313.9 0.562 0.633 0.355 0.396
=73 42.3 166.7 0.524 0.662 0.347 0.450
3:=75 19.4 86.0 0,460 0.67% 0,311 0.521
5 - 77 14.3 41.8 0.533 0.944 0.504 0.629
-7 5.9 17.0 0.514 1.128 0.580 0.784
79 - 81 2.7 5.5 0.578 1.841 1.064 1.110
Bl + 0.4 0.9

Note: M =0.70, K=0.307, L_=86.7 cmFL, F/Z (for Bl + c= class)=0.4

The effect of changes in §ishing effornt

According to the method proposed by
Jones (1974), it is possible to
determine the effects on yield per
recruit of changes in fishing effort,
using the values of Fdf obtained in the
length cohort analysis. For this we
can assume at first approximation that
a change in fishing effort would change
the values of Fdf at all lengths by the
same proportion.

Using the average numbers of fish
caught at each length class over a four
year period, the expected increment in
yield by increasing fishing effort was
determined. For 307 and 507 increase
of fishing efforts, expected yield
increments were 8% and 127%, respectively.

Virntual population analysis

Because we have no information on the
age composition of skipjack tuna caught
in Brazilian waters, we tentatively
used the age-length key determined by
the ageing method of dorsal fin section
for skipjack tuna in the eastern
Atlantic (Chur et af., 1983) and

obtained a rough estimate of the number
of skipjack tuna caught at each age
group. The average lengths for one to
five years-old fish were 29.2, 42.9,
55.5, 65.1 and 69.1 cm FL, respectively.
Table 4 shows estimates of number of
skipjack tuna caught per year and age-
group during 1980-1983.

Table 4. Numbers (in thousands) of
skipjack tuna caught per
year and age-group in the
southeastern Brazilian
waters

h\“-._\_ Year |

T . | 1980 1981 1982 1983 Maan
Age-group .-"\J

L 1] o 1] 10.86 2.72

2 81.00 315.86 379,47 633.75 352.52

i 718.88 15%7.17 2368.02 2191.97 1719.66

4 506.21 B99.60 1086.38 749.22 B10.35

54+ 81.11 240.23 238.04 229.24 157.16

Since there is no evidence of major
differences in recruitment for the
period 1980-1982, the mean numbers of
skipjack tuna were used for virtual
population analysis. At the same time,
for comparative purpose we used the
cohort data of the 1979-year-class of
which the numbers of fish caught from
second to five-plus year—olds are
known, i.e. 81.00, 1597.77, 1086.38
and 229.24 thousands fish, respectively

To apply a virtual population
analysis, we need, as input data, a
fishing mortality coefficient of the
last age-group (F,). 1In this paper, we
used arbitrarily selected F, values
ranging from 0.5 to 0.9 for calculation.
Since there is no significant difference
between the results obtained from
different F, - values, only those
obtained from F,= 0.5 are presented.

Table 5 shows the average numbers of
skipjack tuna present at the beginning
of the year for each age-group obtained
from virtual population analysis. The
number in the fishing area was estimated
to be between 38 and 66 million fish
depending on the natural mortality
coefficient assumed. Using the length-
weight relationship and the mean length
of each age-group presented above, we
can calculate the mean biomass of
skipjack tuna in this area. The
estimated biomass including all age-
groups is shown in Table 6. Since
the availability of the first age-
group is very low in this area, we
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Table 5. Stock size estimates (in
thousands) at the start
of each year for
different natural
mortality coefficients,
using the average
numbers of fish caught
during 1980-1983 period

Natural Mortality Coefficient (M)

Age-group 0.6 0.7 0.8

19352.7 26798.2 3B367.4
10647.4 13426.1 1713%.0
5532.3 6392.3 T4b3.6
1826.6 2031.9 2265.2

3 433.6 473.3 474.8

T

2 = 5+ 184401
Total 37792.8

22323.6
49121.8

27382.5
65749.9

Table 6. Estimates of skipjack
tuna biomass for
different natural
mortality coefficients
for the 1980-1983

period (unit: tonnes)

Age-group M=0.6 M=0.7 M=0.8

18966 26262 ITHDD
14489 Joas0 19420
21133 2au19 28519
10229 11374 L2685
5+ 3301 Je02 Jso2

N

2 - 5+ 59152 70280 B4526

Total 78118 96542 122126

can estimate the potencial yield in this
region by combining the data for two
years—-old and olders. The average
biomass ranged from 59.2 to 84.5
thousand tonnes for natural mortality
coefficients (M) of 0.6-0.8.

Using the XMB-equation of Gulland
(1971), the annual potential yield of
skipjack tuna was estimated. For
different values of M, the maximum
sustainable yield ranged from 17.7 to
33.8 thousand tonnes.

Discussion

An analysis of monthly size frequency
distribution showed an irregular
oscillation of modal size, indicating
constant immigration and emigration of
different modal groups in the fishing
area. Total landings during second
semester always decrease to a lower
level, which suggests a seasonal change
of availability of the stock. It is
probable that this change of availa-

bility may be associated not only with
a change of habitat of skipjack tuna
in the fishing area, but also indicates
that other areas of major occurrence of
skipjack tuna might exist which our
fishing boats fail to cover.

The basic parameters required to
apply a length cohort analysis are the
natural mortality coefficient (M) and
growth parameters (K & Lm). The first
attempts at age determination of
skipjack tuna were presented by Aikawa
(1937) and Aikawa & Kato (1938), based
on the growth marks observed on
vertebral centra and they obtained an
age-length key. Later many researchers
have tried to determine the age of
skipjack tuna by following the monthly
length frequency composition or by
reading growth marks on vertebrae
(Brock, 1954; Schaefer, 1960; Yokota
et af., 1961; Kawasaki, 1965; etc), but
attempts to determine absolute age have
been inconsistent and there remain large
difference between the results obtained
by different authors, including Aikawa's.

Recently in examining the various
hard parts of skipjack, Batts (1972)
showed clear growth marks on sections
of the first dorsal spine and
determined the age-length relationship
of skipjack tuna in North Carolina
waters.

Using tagging data several estimates
of annual growth increments have been
presented (Josse et af., 1979; Cayre,
1979; Wild & Foreman, 1980; Bard &
Antoine, 1983). A series of these
recent studies allows us to draw
fairly good conclusion about the growth
of skipjack tuna. In this paper, we
have used growth parameters based on
growth ring determination from dorsal
spines carried out by Chur et al.
(1983).

While skipjack tuna of just over
100 cm have been caught by the long-line
fishery, they are an anomaly inasmuch as
this size exceeds the limit deemed
possible on the basis of physiological
calculation (Kitchell et alf., 1978;
Bardach, 1983). The largest fish
measured in the area studied was
82 c¢m FL. As shown by Beverton (1963),
the body length of the largest fish in
commercial catches might be about 95% of
the asymptotic length during early
exploitation of the stock. Therefore
the asymptotic length L_=86.7 cm FL
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used in this paper seems be reasonable
for the stock exploited in this area.

As previously pointed out a good
estimate of the natural mortality
coefficient (M) is not available for
either the western or eastern Atlantic
populations. The range of natural
mortality coefficients presented by
Fonteneau (1983) was not precise, since
he determined them from consideration of
the moderate growth rate and the length
of the exploitation period (5 to 6
years). For example, he considered
values larger than 0.8 not to be
realistic because they require a
growth rate greater than 20 cm/year. In
the same way values less than 0.6 also
seem not to be probable, because of the
scarcity of big fish, at least in the
catches.

Since we have size frequency data
from only four years' observations,
we could not apply virtual population
analysis on each cohort. To
overcome this difficulty, assuming a
fairly stable recruitment, we applied
the average numbers of fish caught
during the four year period. In
addition, for comparative purposes, the
cohort of 1979 of which the numbers of
fish caught after recruit size are known,
was used for virtual population analysis
and the result is shown in Table 7. The
total numbers of fish estimated using
the 1979-cohort and average numbers over
the four years showed reasonable
agreement.

Table 7. Virtual population analysis

of the 1979-cohort. (Input

data: M = 0.7, sz 0.5)

{unit: in thousand)

Numbers Fishing mortality Total mortality Survival Total

Age-group caught coefficient coefficient rate na.
2 81.0 0.008 0.708 0.493 14812.6
£} 1598.0 0.354 1.054 0.348 7312.0
4 1086.0 0.834 1.534 0.216 2546.8
5+ 229.2 0.500 - - 550.1

Total number - 25221.5

Based on the estimated biomass of
96.5 thousand tonnes (with M = 0.7),
we determined the maximum sustainable
yield to be 33.8 thousand tonnes, but
if we consider only those older than
two years, the estimated biomass and
the MSY will be 70.3 and 24.6 thousand
tonnes, respectively. This result
suggests that the actual landing of 18

thousand tonnes is close to the MSY.
The results of the length cohort analy-
s1s showed that increasing the fishing
mortality rate by 307 and 507, we
obtained an increment in yield of 87
and 127%, respectively.

The method applied in this paper
permits us to make an estimate of the
size of the stock that is currently
exploited in the present fishing area.
In other words we can estimate how large
the stock biomass is, which has sustained
the annual landing of 18 thousand tonnes,
but probably not the total biomass of
the area. Therefore, the estimated MSY
does not mean the total potential yield,
which can be obtained only by direct
stock assessment methods.

Introduction of large purse-seiner
in this area which occurred in late
1983, does not imply a qualitative
change in the fishery. Thus, if they
operate in the same fishing area, we
can not expect a significant increase
in production. Furthermore, the
operation of large purse-seiners will
introduce hard competition with the
Brazilian bait-boats in terms of
disposable skipjack biomass.

Because the size of recruit in this
fishing area is relatively large (43 cm
FL), a growth overfishing problem seems
to be remote. Furthermore, their
opportunistic reproduction behaviour
(Cayre & Farrugio, 1983) which occurs
in the vast tropical and subtropical
ocean, may serve as a natural protection
of spawners from commercial fishing boat.
This indicates that if the actual
fishing effort in the southeastern
Brazilian waters does not reduce the
spawning stock size to very low level,
an overfishing problem will not occur.
Then, our major concern will be if this
skipjack stock is exploited by any other
country in another part of the Atlantic,
for example, in the eastern central
Atlantic or in Caribbean sea?

Comparing genetic data of serum
esterase and transferrin systems, Fujino
et al. (1981) showed that there are four
genetically distinct subpopulations,
namely western Pacific, central-eastern
Pacific, Indian Ocean and Atlantic
subpopulations. However, due to
insufficient data from Atlantic and
Indian Ocean, he suggested a necessity of
further efforts on population study of
these two areas to examine any
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possibility of subgrouping within each
subpopulation identified.

The results of tagging data obtained
during the International Skipjack Year
Program (1979-1983) of ICCAT showed
there is no evidence of trans-Atlantic
movement of skipjack tuna, therefore,
at the moment we can treat separately
the two stocks exploited in the
eastern and western Atlantic.
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