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Fortaleza —

The oceans are not the inexhaustible
source of food they were once thought to be.
On account of that, it is necessary to keep an
watchful eye on their exploitation, so that
proper management is applied towards ob-
taining the potential yield that can be havers-
ted.

After the II World War, the world fishery
production showed a threefold increase, from
less than 20 million metric tons in 1948 to
more than 60 million metrie tons in 1970 . This
has been the result of the discovery of new
fishery resources and the increasing number
of mobile fleets and factory vessels and to the
use of modern and efficient fishing methods
and gears.

The possibilities for increased marine cat-
ches over the next years have been extensively
investigated. The known estimates were com-
mented on and discussed by Rounsefell (1971).
The fulfillment of those forecasts is very im-
portant, in view of the dwindling food sources
and the growing of the human population.

In this paper the authors shall be con-
cerned with attempting to find out the year
when the most likely of those estimates will
be reached, and what will be the composition
of the catches by oceans and their regions, as
well as by groups of species.

MATERIAL AND METHODS

The basic data have been drawn from the
FAO Yearbooks of Fishery Statistics, and they
have been arranged in two ways: by oceans
and their regions ( figure 1 ) , and by phillum
or classes of marine animals and groups of
species, only natural populations being taken
into account.

Ceard — Brasil

The fishery production was computed for
each region and each group of species, over
the years 1964 — 1973 .

There are three methods whereby predic-
tion of future catches can be performed: 1 —
extrapolation of present trends in world ma-
rine catch; 2 — extrapolation of resource esti-
mates from a known sub-area to the whole
area; 3 — estimation of primary production at
each sucessive stage of the food chain and its
dynamics.

We have herein used the first method by
applying a linear regression model of the type
Y = a + bX, where Y = annual catch in 102
metric tons and X = year, being 1964 = 1.
The null hypothesis of no correlation between
the variables has been tested at the probability
level of P < 0.05.

The world marine fishery production
during the considered years ranged between
45,601 x 10° metric tons in 1965 and 60,926 x
103 metric tons in 1970 ( table I ).

TABLE 1
World marine fishery production during the years
1964 — 1973 .

Years 103 metric tons
1964 46,200
1965 45,601
1966 49,385
1967 52,611
1968 55,875
1969 54,359
1970 60,926
1971 60,622
1972 55,835
1973 55,897

Source : FAO Yearbook of Fishery Statistics, 1964 —
1973 .
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A survey of the known estimates is given
in table IT . Gulland’s estimate of 104,200 x 103
metric tons has been chosen as the most likely,
because it is the result of estimates by areas,
and within areas, by resources. The year cor-
responding to that catch was then fed back
into the equations, whereby estimates by
regions and groups of species could be
obtained.

TABLE I1

Some estimates of the potential world marine fish-
ery production.

Authors 103 metric tons
Thompson ( 1951 ) 22,000
FAO ( 1953 ) 34,000 ()
Meseck ( 1962) 100,000 @
Graham & Edwards ( 1962 ) 171,006 )
Pike & Spilhaus ( 1952 ) 254,000 )
Schaefer ( 1965 ) 290,000 (2)
Cushing ( 1969 ) 60,000 (1)
Ryther ( 1969 ) 145,000
Gulland ( 1970 ) 104,200 @
Rounsefell ( 1971 ) 94,000 2
Observations : (1) — estimate already surpassed by

the world marine fishery production; (2) — estimate
not yet surpassed by the world marine fishery pro-
duction.

RESULTS AND DISCUSSION

The time series within which we have
worked covers only ten years, and this some-
how reduces the reliability of the results, Ne-
vertheless, there does exist a statistically sig-
nificant upward trend in world marine fishery
production, slightly broken towards the end of
the period, as shown by the equation obtain-
ed by regression, fitted to the values of annual
production given in table I. This is the
equation :

Y =45780 + 1446 X (r = 0.820% ) .

According to this equation, Gulland’s
estimate will be materialized in year 2003,
that is, 30 years thence. This means that the
world marine fish production will increase &t
an annual rate of 2.1% over that period.

In terms of oceans there was found to be a
significant correlation between fishery pro-
duction and time in the Atlantic and Indian,
but not in the Pacific, due to a sharp fall in its
yield in 1972 and 1973, consequent of the de-
cline of Peruvian anchovy catch ( table ITI ) .

As to the regions, several significant cor-
relations were obtained: Atlantic — in the
northwest, eastern central and in the Medi-
terranean and Black Sea; Indian — in the

TABLE III

Regression equations of the marine fishery produc-

tion on time by oceans and their regions, where

Y == annual catch in 103 metric tons and X = year
(1964 = 1) . Based on data from 1964 to 1973 .

: Correla-
Oceans and Regression . .
) s tion coeffi-
reglons equations cients (r)
Atlantic Y =18,478 4+ 720 X 0.959 *
— northeast Y= 9,075 +203 X 0.077 n.s.
— northwest Y= 3735+ 81X 0.724 *
— southeast Y= 688+ 29X 0.379 n.s.
— southwest Y= 2130+ 93 X 0.063 n.s.
— eastern central Y= 1989+ 28 X 0976 *
— western central | Y= 1364+ 10 X 0.273 n.s.
— Mediterranean
and Black Sea Y = 960 + 14X 0.669 *
Indian Y= 179+ 87T X 0.934 *
— eastern Y= 1709+ 7TX 0.508 n.s.
— western Y= 1135+ 69 X 0997 *
Pacific Y = 25503 + 642 X 0.565 n.s
— northeast Y= 1293 + 126 X 0.774 *
— northwest Y = 10,208 + 445 X 0.719 *
— southeast Y = 12,015 - 432 X| - 0.402 ns.
— southwest Y = 95+ 19 X 0.905 *
— eastern central Y= 5244 54X 0.960 =
— western central { Y = 2091 + 209 X 0.972 *

Source: 117;){\7:? Yearbook of Fishery Statistics, 1964 —

western region; Pacific — in the northeast,
northwest, southwest, eastern central and
western central ( table IIT ).

It may be seen that whilst most regions in
the Pacific presented significant correlation,
the total itself did not, which shows the effect
of one region, namely the southeast, on the
overall produection.

For groups of species, the regression equa-
tions displayed a more uniform feature, in
that the production of fishes, crustaceans and
molluscs were significantly correlated with
time. No correlation existed for the river eels,
among the diadromous fishes; for the sardine
and sardine-like fishes, among the marine
fishes ; for the oysters, scallops and pectens,
and squids and octopusses, among the
molluses ( table IV ) .

A comparison between the average pro-
ductions in the considered years and the esti-
mates predicted by regression equations and
by Gulland ( 1970 ) , emphasized by relative
indexes of growth in relation to the average
production of each ocean or region, taken as
100, is provided in table V. It may be seen
there to be a reasonable agreement between
the two sets of estimates, except for some wide
differences, as in the western Indian Ocean,
and in the eastern and western central Pacific
Ocean.

Considering the data shown in table VI,
the diadromous fishes will experience the lar-
gest increase, most of it represented by the
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TABLE 1V

Regression equations of the marine fishery produc-

tion on time by groups of species, where Y = annual

catch in 103 metric tons and X = year (1964 = 1) .
Based on data from 1964 to 1973 .

. Correla-
Groups of Regresson | tion coet-
cients (r)
Diadromous fishes | Y = 903 + 260 X 0.970 *
— sturgeons Y = 19+04 X 0.775 *
— river eels Y = 42 + 02 X 0.151 n.s.
— salmons, trouts
and smelts Y = 314 + 227 X 0971 =
— shads and milk-
fishes Y = 551 + 23X 0.748 »
Marine fishes Y=40,749 + 1,033 X 0721 *
— flounders, hali-
buts and soles Y = 960 + 40X 0.848 *
— cod and cod-like| ¥ = 5662 + 654 X! (0985 *
— redfishes, basses
and congers Y = 2917 + 100 X| gg897 *
— maullets and mu-
llet-like Y= 1668+ 134 X| 0830 *
— sardines and
sardine-like Y =16207 + 92 X| 0.102 n.s.
— tunas and
tuna-like Y= 137+ 33 X| 0917 *
— mackerels Y= 1326 + 231 X 0.629 *
— sharks and rays{ Y= 380+ 16 X| 0966 *
Crustaceans Y= 1084+ 64 X 0.990 *
— crabs Y= 314+ TX 0.708 *
— lobsters Y= 131+ 4 X 0941 *
— shrimps and
prawns Y= 608+ 47X 0989 *
Molluscs Y=2m721+ 1TMX 0.328 *
— abalones, wink-
les and conchs Y = 3T+ 2X 0.943 *
— oysters Y= 817~ 17 Xi-0405 ns.
— mussels Y= 218+ 20 X| 0943 *
— scallops and
pectens Y= 155+ 1X 6.190 ns
—clams and cockles| Y= 519+ 14 X 0.695 *
— squids and
octopusses Y= 68 + 32X 0.616 n.s.
Other marine
animals Y= 343+ 26 X 0431 ns.

Source: FAO Yearbook of Fishery Statistics, 1964 —
1973 .

group of salmons, trouts and smelts; among
the marine fishes, the mackerels, the cod and
cod-like species, and the mullets and mulle:-
-like species stand out in that respect ; among
the crustaceans, the group of the shrimps and
prawns, as well as the mussels among the
molluscs, will have the highest relative in-
crease in production.

Those indexes indicate that in future
some regions and some groups of species will
stand out as more productive than others,
although this does not exclude the possibility
for production of the ones already under hea-
vy exploitation to be further enhanced. Natu-
rally the predictions based on extrapolation
30 years ahead should be regarded with
caution.

TABLE V

Predicted values of world marine fishery production
in year 2003, by oceans and their regions, based on
extrapolation and other methods, with their respecti-
ve indexes of growth in relation to the average pro-
duction in years 1964 — 1973 taken as 100.

; Indexes of
103 metric tons growth
OZ;%I‘S from | from | from re-{from
regions regres-|Guliand gres- | Gul-
sion | slon e- |land
equa- | (1870) qua- |
tions | tions |(1970)
Atlantic 47,280 | 43,700 211 | 195
— northeast . | 13,500 .. | 132
— northwest 7215 | 6,500 171 | 154
— southeast ... | 4,300 ... | 548
— southwest cee | 1,400 e | 280
— eastern central 3,109 | 3,500 145 | 163
— western central 5,800 ... | 408
— Mediterranean
and Black Sea 1,520 | 2,700 156 | 257
Indian 5,259 | 14,300 233 | 633
— eastern 5,400 ... | 726
— western 3,895 | 8,900 257 | 587
Pacific 46,200 ... | 159
— northeast 6,333 5,000 318 | 252
— northwest 28,008 | 16,700 221 | 132
— southeast 12,600 ... | 131
— southwest 855 | 600 423 | 297
— eastern central 2,684 | 6,100 328 | 745
— western central 14,061 | 5,200 376 | 139
TABLE VI

Predicted values of world marine fishery production

in year 2003, by groups of species, based on extra-

polation, with their respective indexes of growth in

relation to the average production in years 1964 —
1973 taken as 100.

Groups of 103 metric | Indexes of
species tons growth
Diadromous fishes 11,303 550
— sturgeons 35 167
— river eels
— salmons, trouts and
smelts 9,304 694
— shads and milkfishes 1,471 238
Marine fishes 82,069 188
— flounders, halibuts
‘and soles 2,569 217
—- cod and cod-like 31,822 379
—- redfishes, basses
and congers 6,917 212
— mullets and mullet-like 7,028 304
— sardine and sardine-like -
— tunas and tuna-like 2,699 182
— mackerels 10,566 469
- sharks and rays 1,029 296
Crustaceans 3,644 270
— crabs 504 180
— lobsters 291 197
— shrimps and prawns 2,488 308
Molluscs 5,801 191
— abalones, winkles '
and conchs 117 254
— oysters . e
— mussels 1,018 327
—. ceallops and pectens v ...
— clams and cockles 1,079 198
— sgquid and octopusses
Other marine animals e
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