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In the last few years a rather large number of analytical studies
have contributed very greatly to our understanding of the limits within
which the growth of fishery harvest'might take place.

Fishery scientists have been notably conservative in their estimates
of the limits of growth, probably because of their awareness of the need
for regulatory tools to limit the physical harvest of specific fisheries.
Another factor may be the scientists awarenese of and response to the
layman's common misconception of the sea as ever fertile and infinitly rich.

For the first time we are beginning to have a factual outline of tﬁe
overall productive potential of the Beas1 and consequently the potential total
harvest which might be expected to result from the aquatic environment.

The various chapters of Gulland's recent work contributed by regionally
knowledgeable authors have greatly sharpened our ai llity to place reasonable
limits on the potential harvest of aquatic organisms. Atithe same time
these satimates pfovide ample scope for informed differgnces of opinion
about specifics. Fig. 1 shows the present status of hafvest of aquatic
ppeciee and Fig. 2'shows the growth of fishing power of the developed and
developing economies.

Although there has been growing agreement in the last decade on the
need for a framework for limiting the harvest of many marine animals there
is unforfunately little reason to be optimistic that agreement on the means
to achieve an adequate internétional management framework is within our
grasp.

Clearly because of the finite limits of aquatic resources and thg very
rapid pace at which harvesting technology is outrunning management tools any

digcussion of the potentials of the aquatic regime to suprly protein in



any form must assume management, as at least a goal, and hope that the
time frame within which the management goal is reached ig short enough to
prevent massive dislocations in the system.

Before proceeding further and blundering into all sorts of hidden
agsumptions it will be useful to define what the authors mean when we
speak of FPC. 1In one framework FPC has been, is, and will be a major
fraction of the form in which fishery products are consumed. These FPC's
are called smoked and dried fish, or squid, and, kamaboku, katsuobushi,
etc. However, the thrust of the present discussions, assumes, we believe,
that fPC is idealy that product resulting from modern technologies which
has been transformed into a stable, dry, high amino acid quality, aromatic
free, nontoxic, watersoluble, powdéry, functional substance of varied use
in formulated food products.

Several variables profoundly influence the likelihood that & given
marine resource ?111 be a suitable raw material for coFmergial FPC. All
the variables must combine in a way that is permissive of a final product
which is competiéive in cost with protein isolates or ccncentrates from
other sources.

Others have usefully considered FPC as a highly refined and somewhat
more expensive form of fish mea13. If one adopts this view all present
and potential meal fisheries may be viewed as FPC sources given changes
in the markets for animal feeds. Another way of looking at t s might be
market changes brought about by changes in product technology resulting
in FPC or highly refined fish meals which were capable of filling direct
conaumer.demand as an ingredient of formulatéd food products for human use.

Such changes in product technologies, which are quite likely, could have a



major impact on the proportion of industrial fish used for FPC in the future

without changes in the supply of raw material.

PRESENT AND POTENTIAL FISHERY RESOURCES

It : our hope here to set forth a reasonable statement of the ability
of the aquatic environment to provide major sources of raw material for the
class of products called FPC. It seems to us however that one cannot simply
be satisfied with a mere shopping list consisting of a few hundred thousand
tons of this and that but chat one must also try to set forth the limits
of the probable, and'improbable.

Because one of the major emphasis of this conference is on unde:s-
utilized resources it seems appropriate to identify two classes of such
resources. |

First, resources which do not find a market because of local food
preferences, customary dietary habits, religious proscrﬁptions or because
of competititon for hold space exerted by more valuablelspecies. This class
of underutilized fish is quite large in the aggregate amounting, we think,
to perhaps as much as 5 million tons made up of a very large number of
species. The majority of these are poorly recorded in national statistics
and some not at all. They are thus difficult to assess with any real
accuracy. Because they consist of mixed species of varied usefullness they
are poorly suited for the most part to provide the raw material for a con=-
sistent high quality product such as FPC.

The other main class of resources are those which are known to occur
in very substantial amounts but which are not now the subject of #ny major

figshery for various technological or ecomomic reasons. It is this latter



group with which we wish to concern ourselves in the sections to follow.

Table 1 1ists all the main groups which in our opinion are now, or
are believed to be, capable of a sustainable yield in quantities sufficient
to provide FPC in commercial amounts.

It should be noted that some of these groups which were on Chapman's
shopping list ir 1965~66 as underutilized species'of great abundance have
moved very rapidly to levels of full or almost full exploitation. Particu-
larly notable in this regard are the Arctic capelin anc the catches of sand
eels and West African Sardinella.

Full exploitation of stocks is soon to be expected for additional
sardinella stocks in the Indian Ocean along the Arebian peninsula, the
thread her.ing in the Gulf of Mexico, and a variety of mackerel species
not yet heavily exploited particularly in the Indian Ocean. Somewhat
later in time, very greatly increased catches are expected for coastal
squids along the west coasts of the Americas and Africa, 1s well as pelagic
herring and anchovy like fishes in the South Westerﬂ Pacific, Eastern
Pacific, South Western Atlantic, and North Western Indian Ocean.

Up until about 1960 insufficient resource information, geographic
remoteness, underdeveloped commnications, and inadequate processing and
transportation infrastructures set limits on the growth rate of industrial
grade fisheries. Since then substantial improvements in the information
base, a very rapid development of cruicial infrastructures, and strong
demand have led to greatly expanded industrial fisheries. Many industrial
fisheries which can be exploited by present harvest technologies are fully
exploited. Most industrial grade fish resources available to present har-

vest technologies will be fully exploited by the end of qpio dacade.



PROJECTIONS OF FISHERIES HARVEST

In Fig. 3 we have shown the present total catch of .aquatic animsls,
this catch less the Peruvian anchovetta, Chapman's 1969 projection of total
cntéh, and a step-wise senario of future harvest possibilities4.

There are five distinct levels which we believe represent possible
patterns for the future harvest of marine organisms. In order for sub-
stantial harvest to occur in each level certain prior conditions must be
met. The first level is the present catch. The four future levels are the
catch of; the thread herring, jack macherel, etc; the Antartic krill; the
oceanic squid; and the lantern fishes (Mytophids).

Given some assumptions, presented later on in the discussion section,
regarding relative soybean meal and fish meal production growth rates, all
presently known stocks of conventional industrisl grade fishes will be
fully utilized by 1983/1985, or soomer if growth rates of fish meal con-
sumption are higher than 4.5 percent. Thie level of totfl fisheries har=
vest will be for all aquatic species harvested by presenfbcatching technology
and processed by p;esent processing technology about 9C to 110 million metric
tons.

Low Projection

A low projection for species from the total fisheries harvest for
FPC would correspoéd to about 50 million metric toms. This.ia based on the
assumption that no economically useful harvesting and processing technol-
ogies are developed to go beyond the ha:vest of present species groups plua

about 20 million tons of known but underutilized thread herring, mackerel,

anchovies, etc.



We expect that as the level around 100 million metric tons of total
fishery harvest is reached considerable pressure for higher prices for re-
fined fish and other protein meals will develop. If this occurs it will
set the stage for the next level of marine harvest to develop. But new,
and difficult to assess, limits are expected to be imposed on the remaining
major fishery potentials by inadequate harvesting and/or processing tech-
nologies, conflicts over resource juriaaiction and use, and in some cases &
deterioration of essential environmental quality. An additional limit may
be price competition from alternative supplies of fish quality protein.

The groups expected to be constrained by these limiting factors are
principally the krills, the lantern fishes and in part, the oceanic squids.
One other large marine resourcz is as yet unexploited, the red crab of the
Eastern Tropical Pacific, but in our opinion because of its potential as
a direct high value food product it is unlikely to be harvested for meal

in any form.
Intermediate Projection )

Assuming that economically viable harvesting, and.procesaing tech-
nologies are developed ﬁe believe the most immediately valuable and avail=
able refincd meal resource will be the Antarctic invertebrate plankton
commonly called krill.

If krill are brought into production, and we believe this to be very
likely, the total aquatic animal harvest will rise to about 200 million
metfic tons. 130-150 million metric tons of the total harvest might be
available for FPC manufacture providing substantial improvements in

processing technology are made. Such improvements might include more

efficient, lower cost, and more compact systems suitable for shipboard

use.



0f the total amount of krill availgble between 10 and 20 percent of
the harvest will probably be used as cocktail shrimp or some equivalent high
value product, the remainder as meal or paste.

Krill ara small shrimp-like crustaceans mostly euphasids which occur
in all oceans of the world. The most important potential commercial species

is Euphasia superba DANA. This species has received considerable attention

in the last decade because of its great abundance and relatively large size;
adults are about one to two inches long and may weight more than one gram.
This species of krill occurs within the Antarctic convergence zone. Its
area of greatest concentration in the Antarctic summer (Jan.=March) is shown

in Fig. 4.

Estimates of the potential harvest of Antarctic krill by man range
from 30-10C million metric tonaz’ > 6. Gulland believes that the total
production could be as much as 200 million metric tons of which a substan:
tial portion is taken by krill predators including the baleen whales, seals,
birds, penguins, ang other invertebrates. Man has taken a significant step -
in elimination of important krill predators by the drastic reduction of
baleen whale stocks which lived almost exclusively on krill.

In the Antarctic summer the krill form dense schools at less than
10 meters from the surface theveby easing harvesting problemsz. However
krill are quite fragile and must be processed at once. For instance, one
expedition reportedly experienced a 167 weight loss when the krill remained
on the deck in 32° temperature for 3 hours. Krill spoil very rapicly
probably due to the action of bacterial enzymes having optimum activity at
near freezing temperatures. The edible par tion (1/2-1/3 of bodly weight) of

krill have a protein content of 19% where as the inedible, shell, etc.,



have a 13% protein content which is mainly bound in the form of chitina.

Therefore, for human consumption, the shells ?111 probably have to be
removed--a process which has not been developed on a commercial scale.

Several expeditions have harvested krill in the last few years. 1Ia
1958, an expedition from the USSR trawled 100 kg. of krill in five minutes
from one of the dcnser krill concentrations which they encountered in
Antarcticag. In 1963, the USSR vessel Mukson harvested 70 tons of krill
and used a porticn of this catch to make eleven tons of mea17. More
recently experimental development of the krill fishing by vessels of the
USSR has continued producing cocktail size frozen shrimp ~ud commercial
grade meal (C. O. Chichester, personal communication). No data on the
costs of operation or market success of theze efforts is avaiiable to us.

High Projection

It seems almost idle to speculate on events which may give rige to
the demand and economic production of fish protein concentrates at levels
of total fishery harvest in excess of 200 million metric tons. But, two
species groups are available for harvest, the oceanic squids and the
lantern figh.

Oceanic squid are the larger high seas squids as opposed to the
smaller continental shelf vavieties which are caught by the New Engiand,
Jabanese and other trawler fleets for sale as fresh food, fish bait, and
fish meal. The oceanic squids at present are mainly caught by Japan as a
specialty product. Squid have a high protein content, about 20%, which
compares favorably with the fin fisheslo. The worldwide catch is
relatively small (636,000 mt) buﬁ could be expanded greatly because of

their great abundance and focd value. but available harvesting technologies



would not be udequate for the development of a refined meal fishery because
of raw materiai ypricae.

Although statistical data on oceanic squid is meager, they are be=
lieved to be abundant in all oceans, particularly in areas of upwelling
and other productive areas. As Clarke states "If a gship stops at night
in any but high latitudes squids are attracted to the lights and are oiten
seen in tens-of hundreds within an hour." Based on the distribution of
squid beaks in core samples cakén from bottom sediments, there is a high
correlation between squid concentrations and regions of upwelling and
high productivitylo.

Gulland ctates that the total harvest of oceanic squid could be
somewhere between a few million and 100 million metric tonsz. Based on
nuﬁerOus observations similar to those of Clarke, Sprague believes Gulland's
estimate to be somewhat conservative.

The umbrglla jig has proven a satisfactory method for harvesting
oceanic squid but this method is hardly likely to be economically feasible
for the production_of raw material for FPC. If the pre;ent Asian specialty
market for human use were expanded to include other major markets it is
unlikely that any significant fraction of the increase in catch of the
squid resburce would become available as raw material for FPC. We believe
that changes in the market structure for these animals are more likely
than the development of very low cost harvesting_technologies. We believe
further that only a fraction of the available 100 million metric tons of
oceanic squid might be added to prior estimates, for resources available
to FPC production, say at most 10% of production or at full exploitation

about 10 million metric tons as a guess.
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Since dried squid are already a form of FPC and since coastal squid
are currently used for fish meal in small amounts, processing problems do
no appear to be a limiting factor in the future use of squid as FP{ raw

‘material.
In addition to the squid the lantern fish represent a future possible
regource for FPC use. Lantern fish, as described herein, includes the

Myctophids, Paralepids, Cyclothone, spp, Gempylidae, Vinciguerra 8PP,
Leptocephalae and the other small (1-5 inches long) fishes which make up

the deep scatteriqg leyer. These fishes are not satisfactory from the
standpo;nt of tasfe and texture for food fish, but their protein content
makes them a possibie source for FPC. They were used by Japan after WWIZ
when protein was sclrcea. The lantern fishes are thought to be very
| abundant with a potential harvest on the order of hundreds of millions of
tonsz. However, they would have to occur in dense concentrations, and
few are known, or be concentrated by as yet undeveloped’means to yield the
10 ton/day catch thought to be needed to sustain a 50-1@ foot vesselz.
Since there is little data on aggregation of these animals and economically
suitable gear has not been designed, we believe that these fisha2s will be
the last to be harvested. |

Fig. 3 shows possible produc:ion levels which might be reached 1f
lantern figh were harvested.

Projection Summary
In the lower level including present meal fisherieo as potential sup-

plies of FPC and future stocks of thread herring, mackerel, etc., potentials

are about 50 million metric tons.
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In the intermediate level which includes krill an added 90 million
metric tons for a ;otél of about 140 million metric tons are potentially
available. |

In the high level perhaps part of the squid catch to a total of about
10% of production or 10 million tons as a maximum is available and of the
lantern fishes quantities deserving the gobriquet vast are available but
under present or foreseeable harvesting and proqeasing conditions these

quantities are of little practical importance for FPC manufacture.

EFFECTS OF ALTERNATIVE HIGH QUALITY PROTEIN SUPPLIES

The most important alternative sources of low cost, high quality
vproteins are the vegetable meals. The relationship between vegetable meals
rich in essential amini acids and fish meals is an important one. The
price, supply, and demand for meals, particularly soybean meal, affects
‘the demand for fish meal and its price. And the rate at which vegetable
meals are placed oﬁvthe market may have a profound effect on the rate at
which presently underutilized marine resources are broug;t into production.

The most important substitute for fish meal is soybean meal. It is
the best plant protein feed supplement for dairy ard beef cattle, and be-
cause of its generally high quality protein profile it ranks ahead of all
other common vegetable meals for feeding swine and poultry.

Soybean meal facka vethionine and vitamins and is low in lyeine, phos-
phorous, and calcium content. Complete animal feed formulations may be
achieved by adding vitamins, methionine, lysine, and min;rala or by mixing

soy meal and fish meal together. Because high quality fish meals contain
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in additior: to methionine, lysine, and minerals, "unidentified growth
factors," the latter may often be preferable.

The same pattern of formulation is very likely to emerge in the high
quality meals designed for human consumption namely that the ultimate
product will not be solely FPC or marine protein concentrate but will be
a blend of high quality meals each chosen for its unique contribution to the
nutritional quality, ease of use of the Zinal product, and its contribution
to the final product price.

In other words a simplistic solution to the problem of protein rich
high quality meals is not likely in our opinion to be found in tish or marine
protein concentrates or in any other single meal source. Since each meal
has its unique advantages and disadvantages it seems approriate to combine
them. A fact known, we are told, to the industry for sometime.

The recent growth rates in production and consmmption of vegatable
meals and fish meal show substanitial increases. In the petiod 1955/57
through 1963/65 fish meal production increased 12 percent annually com-
pared with a 4 percent rate of increase for ull vegetab}e meals. In the
63/65 period annual fish meal production was about 3.1} millon tons or
8 percent of total meal productionm, which was about 45.5 million metric
tons. By 1970 fish meal production was about 5.4 million metric tons of
total meal production which has 57.6 million metric tons. Rates of growth
1963/65 to 1969/70 were about 8 percent per annumll.

These rates of growth in fish meal production are expected by some to
giow gsomewhat to about 4,5 percent per annum such that by 1975 about
6 million tons of fish meals are projected based on present rates of growth

and present price‘Faciol of about 1.6 to 1.7 of use of ggybean meals to
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12, 13, 14. The picture presented Dy Alverson and Broadhead and

shown in Fig. 5 illustrates the recent history o7 meal productionls.

fish meals

The present demrud for meals is generated almost entirely by animal
feeding programs which are at present most highly developed in the United
States, Western Europe, and centrally planned countries. Althcugh the
consumption and rates of consumption are growing rapidly'in gsome developing
countries.

In addition to soy protein considerable recent attention has been
directed toward single-cell protein (SCP) grown by fermentation pro~esses
on a variety of substrates including methane, petroleum and molasses.

Although substantial plans are underway in the centrally planned
countries to produ;e SCP supplements, their use in animal feeds or human
nutrition is not yet far enough developed to determine what if any effect
SCP might have on the deveiopment of fishery based protein supplies. It
is, also, nct possible here to assess the relative importance of urea as a
cattle food supplement although according to FAO reporc? the use of urea may

be increasingly 1mportant16.

NEED FOR RESOURCE MANAGEMENT AND RESEARCH

With the exception of stocks in the Indian Ocean, the Southeast
Atlantic, and selected areas in the South China Sea, and tﬁe Indonesian
archipelago, most of the worlds table grade fisheries'reaources are now
being harvested at or beyond their maximum sustainable yield. ﬁany of the
industrial grade species from traditional fishery areas are also being

heavily exploited.

We believe that effective national and international mechanisms are

neaeded at once to prevent serious changes in the biologﬁgal composition of
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species available for harvest, as exemplified by the history of the
California sardine fishery. Effective management qechanisms are also
needed to prevent very serious economic dislocations whiqh would follow in
the not unlikely wake of additional major failures in important fisheries
of which haddok, whales and sardines are examples.

If prior con&icions are fullfilled leading to the major harvest of
the krill, oceanic squid, and lantern fish we will be in serious trouble.
These troubles will likely extend to areas beyond the scope of this paper
but not your imagination. One may seriously question the wisdom of harvest-
ing the food web of the sea so intensively as to possibly destroy the
various linkages whizh must exist within the web17.

For example a harvest of the krill population at levels approximating
100 million tons would a'a0st certainly preclude the recovery of the
Antarctic baleen whale populations even under conditions of a moratorium
on the harvest of whale stocks. Other highly adapted oﬁecies in the
Antarctic which deﬁend directly or indirectly on the kr{ll might also be
reduced or elimingted. ”

There is increasing evidence that species diversit& per se is a
measure of and necessary condition for what might be termed biological quality
of life18 And in view of the fact that we so poorly understand the implica-

tions for human populations of changes in the global food web we believe that

it would be unwise to press vigorcusly for the harvest of the greater part

of the potential marine resources available for FPC manufacture prior to
mechanisms for; limiting the catch at levels sufficient to sustain the fished
populations as well as those other populations known to depend upon the fished

populations for their livelihood; limiting economic and political conflicts in
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regard to the harvest of resources beyond national jurisdiction; providing
gources of funds from the use of present and future resources to support
resources research primarily for management purposes.

A generous estimate places the present level of living marine re-
gources research (not including "oceancgraphic" research) at somewhat less
than one percent of the expvessei value of the figheries harvest of the
oceans. ft seems alﬁosc certain that increased expenditures on resources
research leading to better management and sustained harﬁelt would be more
than recovered by an increase in average yields and a more stable invest-
ment climate for fisheries. Well designed systems of limited entry appear
to be a necessary corollary to both the research and capital investment

needed 1f ocean resources are to be used for the maximum benefit to man

at minimum environmental degredstion.



Table 1

Gulland2 unless
otherwise noted
Potential Harvest

all FPC
oceans Raw
Species 65 66 67 68 69 70 x 103m Material Remarks
Capelin 281 521 513 623 855 1515 2300 good Nearly fully exploited
on present grounds
Clupecnella 419~ 455 444 426 352 553 600 good fully exploited
.Baké 1085 1270 1670 1396 1256 1421 3400 poor table grade fish
Sand eels 254 254 317 356 228 426 2400 good
Lantern fish 0 0 0 0 0 19 100,000 ? excessive harvesting
costs
Misc. small 2724 2926 3539 3845 4055 4396 9000* fair moderately high
Mackerel harvesting costs
Herring 4600 4611 4295  373% 2885 2804 3500°  good almost fully exploited
Sardinella 175 187 253 227 381 764 2100* good
011 sardine 334 307 315 369 251 300 3500* good
South African 1040 952 1105 1588 1402 672 1000 good fully exploited
Pilchard :
Menhaden . 184 596 530 625 704 825 900°  good fully exploited
Thread 9 26 42 42 42 50 1600* good legal-political barriers
Herring off U.S. coasts
Anchovy )
not incl. Peru 1128 1155 1283 1270 1319 1366 10,000 good legal-political off W.N.
America (4 million mt.)
Peruvian 7681 9621 10530 11272 9709 13053 11,000 good fully exploited

Anchovetta



Table 1 (cont'd)

Gulland2 unless
otherwise noted
Potential Harvest

all FPC
oceans Raw
Species 65 66 67 68 69 70 x 103m Material Remarks
Misc. Herring Considerable local harvest 2000* good scattered stocks
and Sardines ,
*
Misc. Marine 7610 7850 8440 8760 . 9090 9580 13,000 poor best for animal feeds
fish .
. * -
Oceanic sharks 410 440 460 480 510 520 500 fair plus dog fish and others
Ocean squid 492 472 580 766 583 636 10,000 poor harvesting costs high
Red crab 1000 poor direct human consumption
Krill 50,000-100, 000 good

Resgearch catch only

our estimates source.
ileaflets and other.

Yearbook of Fish Stat .

19

U.S. Nat. Marine Fisheries Service, Foreign fishery
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