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Thompson and Bell (l934) computed the equilibrium catch in a fishery for

fishing mortality, assuming numbers of recruits constant and

percentage rates of growth and mortality constant. They also computed the changes

in the population and yield whillh would occur in the halibut fishery, assuming

numbers of recruits to be constant, percentage rate of natural mortality to be

constant: growth to be age-specific (using average age-weight data from samples

of the catch) but constant at each age, and the instantaneous fishing mortality

rate to be proportional to number of units of gear actually fished. The mortality

rates employed in the calculations were in the vicir.ity of those inferred from

tagging experiments. \vith these simplifying assumptions, they found the

calculated changes in abundance and. catch corresponded rather well with the actual

changes over the period of years examined.

Parrif:lh and Jones (1953), studying the haddock of the Faeroes and the North

Sea, have computed eqUilibrium catch, assuming numbers of recruits constant;

percentage rate of natural mortality constant (Uf.' ~g in different calculations a

range of rates within which falls the average value for the fishery in question,

inferred from the available data); growth rate age - specific, following a

mathel1l8.tical form due to Bertalanffy, but constant at each age for all population

densities (curve fitted to average data from samples of the catCh), and the

instantaneous J'j.shing mortality rate proportional to the amount of gear fishe~.

It is shown tha. G +he present fishing intens:',ty in both areas is above that

corresponding . 0 mE1X~Jllum ~ quilibrium catch.

Beverton (1953) made ~~im:aar calculations, based on the same assumptions and

on methodology similar to that of Parrish and Jones, for the plaice and haddock

fisheries of the North Sea. He also made calculations of the variations in yield

of this fishery, taking into account the effect of variation in age of recruitment

due to regulation of size of net mesh. He showed that the equilibrium yield

might be increased from the present state by a decrease in intensity of fishing,

an increas,.", in mesh of net, or both.

This approach, combining the estimates from current data on recruitment)

growth rates and natural mortality rate, is adequate to indicate when'a fishery

has been o-J'erfished, and to indicate the diI'ection regulation neet:.s to take .

•4l-
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Since this does not take into full account the density effects on these factors,

and also neglects the age-specificity of natural mortality rates, the estimate of

equilibrium catch at fishing intensities very different from the current one

becomes increasingly poor. This has been recognized by some authors. Ricker (1944)
points out that this assumption, that certain of the rates remain constant when

the fishing effort changes, does not correspond to reality, s~ that such

calculations cannot be valid over a very large range of population sizes. Parrish

and Jones (1953) say, lIOf course, these curves are not valid over their whole

range, since with increase in stock density, there will possibly be some decrease

in growth rate and increase in natural mortality rate, so that the ordinates to the

left of the curve {f.mv~r f ishing intensit~:7 are probably over-estimates ll
•

Si.nce recruitment must also decrease at very low levels of population, the

values computed for very high fishing rates are, doubtless, also over-estimates.

Beverton (1953) notes that

11 •• , the model can establish the main dynamic properties of a fishery and
can indicate the first steps which are required to regulate it, but for
making accurate predictions of the regulation required and of its probable
effects, it is necessary to take other factors into account. Of particluar
importance here is the variation of the parameters with population density .•.
Introducing phenomena of this kind makes the model more realistic and gives
it the properties of 'self-compensation' which are characteristic of natural
populations ... 11

He has made, for both haddock and plaice, calculations showing the effect of

taking into account density effects on the growth rate and natural mortality rat-,

In determining the average values of recruitmel'lt, growth and natural mortality,

fishery scientists normally employ data from the catch and from tagging experiments

over a series of years. It is implicitly assumed that any environmental influences

behave as random variables, which will average out over the series. This, as in

the investigations at the first level, is a possible source of error if in truth

there is a non-random trend in such factors. The measurement of the elemental

rate.s, however, makes it easier to detect such environmental effects than the

simple consideration of the statistical data an catch alone.

Calculations disregarding age-specificity of natural mortality, and

disregarding density effects on recruitment, growth and natural mortality, limit
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the usefulness of the calculations to fishing intensities and population sizes

near those for which the rates have been measured. It is desirable, .therefore,

that where possible the changes of natural mortality with age, and the'dE?nsity

effects on all three factors, be determined and incorporated into the calculations.

'l'he age-specifj~ mortality rates can be calculated from sufficiently detailed

samples of age composition in several successive years. The determination of

density effects, however, requires determination of rates at different population

densities, 'o111ich are often difficult to obtain, since the fishery tends to maintain

the population density at some rather constant level, depending on economic factors.

Such changes in population density as those resulting from respites from fishing

during the major wars offer one sort of opportunity for such determinations.

Lacking this, as a practical procedure it is probably necessary to proceed step-by

step with management regulation, approaching the condition of maximum sustainable

yield by a series of successive changes in regulations.

Investigations at the third level
Investigations at the first and sscond levels result primarily in information

for controlling the fishery so as to give the 3reatest sustainable yield under

average e~vironmental conditions, and the methodology of investigation treats

variations of such conditions as random va.riables t'o be eliminated by suitable

statistical procedures. Understanding of the dynamics of the fishery will,

obviously, be more precise, and therefore more useful t.o effective conservatiorl

action, if the effects of the environment on the population and catch are un~erstocd

and measured along the lines indicated in an earlier section. Such knowledge will

also :make it possible to establish a regulation of the fishery under '\>lhich the

1tarves~ would 'be increased during periods of abnormally high rate of natural

increase, and decreased during periods of abnormally low rate of natural increase,

thus obtaining a greater total production than is possible under regulations based

on average conditions.
The necessary quantitative knowledge of the influence of variations of

elements of the physj.cal environment on the f~.sh stocks is not available for such

ideal management of any of the sea fisheries, 'JUt i:~ the ideal which fishery

research should hope to attain eventual~ . This must involve, however,

t,
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measurements of all important factors in the ecological system, as shoWn

schematically in figure 1. The direct effects of the physical environment on sus

recruitment, growth, mortality and availability of the. stock to the fishery must dep

be measured quantitatively. The indirect effects through the modification of the eac

food supply and the living space must also be liIeasured. Since the population of in

a given fish species is pa~ of an ecological system including populations of

other species which compete with it, or prey upon it, the environmental ~ffects and

on such other populations Will affect the E'urvival and growth of the population of eq

the species harvested by man. Finally, ir~ some instances, the fisl.",ry IlIay catch whi

members of competing and predatory fish populations because they are of commercial spe

value, or they may be' captured and killed incider.~:,lly, even if not landed. The pas

study of the effects of fishing on predators and competitors is thus an important

kind of investigation in such circumstwlces.

Since the ecological system is exceedingly ~omplex, the investigations at the

third level usually become complex also. Only in a few places have such detailed

studies been attempted on an adequate scale. The investigations of the demersal

fishes of the North Sea, and the investigations of sardines and related pelagic

species off California, are perhaps two of the best examples of progress along

this line. In both of these cases a great deal has been learned, serving partly

to show how much more needs to l::e found out. The information developed by mal

investigations at this level is, however, of use in the conservation programme

even though it may be imcomplete. Partial information of the relationships wi

indicated at the third level is of value to analyses at the first and second levels. ma

ex

, ,

Relationship to other species being exploited simultaneously

Verv often a fishery does not depend on a single species of fish, but is

supported by two or more species which are captured in the same areas at the same

seasons, sometimes even being taken simultaneously from shoals composed of a

mixture of species. For example, trawl fisheries cOD:i1llonly capture a mixture of

marketable species. Again, in the tuna fishery of the tropical eastern Pacific

(Schaefer 1954c) two species of tuna are taken in the same areas and seasons with

the same gear.
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In s\lch circumst~tlces it would, of course, be desirable to maximi.~e the

sustainable catch ef each of the species. Whether this is capable of a1.. tainment

depends upon the effects of a given amount of fisning on the stock and yield of

each species, end upon whether selecth'i.ty of species can, in fact, be practised

in the fishery.

First of all, it is desirabL 0 determine the effects of fishing on the stock

and yield of each species, and its current status in relation to the maximum

e'luilibrium ce.tch. If, as may often occur, some species are being underfished

while others are overfished, it is desirable to curtail fishing on the overfished

species while allowing it to increase on those that are underfished, if this is

possible.

The possibility of selective control depends on-the biology and behaviour of

the several speci.es. Investigation may show that the various species are

differently distributed in area or time, and the pattern of fishing can be modified

accordingly. For those species, such as the tunas, which are located by visual

means, it is important to determine to what extent the different species school,

each according to its own kind, because if mixed schools are of infrequent

occurrence selectivity may be exercised in the fishing operation. It may also

happen that gear modifications (such as regulation of mesh size of trawlsj will

malee possible the selee tive escape of one species.

Where it is not possible, on these or other buses, to fish selectively, it

will, in genera~, still be possible to control the fishing to obtain the

maximum sustainable aggregate ,catch of all the species. Beverton (1953), for

example, has noted that for the trawl fishery of the North Sea "for any given

fishing intensity there is a mesh size which enables the greatest combined yield

to be' obtainetl, although this combination of fish:1.ng intensity and m~sh size might

not be eumetric for allY one of those species alone".

Here, again., it will sometimes also be necessary to consider some of the

economic aspects of the fishery. Where several species are caught simultaneously,

and they have 'luite different values in the market, it maybe desirable to manage

the fishery so as to obtain somewhat less than the maximum sustainable aggregate

catch in order to secure a more desirable species composition. The same types of

biological infoJ:'llIation are, however, re'luired for both purposes; in either case the

-45-
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necessary conservation measures must be based on scientific knowledge of t!J.e

dynamics of the fish populations concerned.

Types of Applicable Conservation Measures

When scientific investig1 ~ions of the types discussed above have shown that

curtailment or modification of man's predation on the fish population will increase

the quantity or quality of the catch, various kinds of regulatory measures may be

put into effect. The kind of regulation ~osed will depend on the effects which

it is desired to obtain, the nature of the fish population, the characteristics

of the fishery, and economic and social factors pertinent to the particular

circumstances.

Control of level of fishing intensity to obtain
maximum average sU5~eiI:able catch

When the investigations have shown that there exists, or is imminent, a

condition of overfishing (that is, an intensity of fishing such that the

sustainable catch is less than it would be at a lower intensity), the sustainable

catch may be increased by curtailing the amount of fishing. This may be

accomplished in several ways.

The Iliost straightforward method is to limit directly the amount of fishing

effort employed in the fishery. This may be accomplished by limiting the number

of fishermen or vessels which are permitted to engage in fishing, or by allowing

all who wish to 'do so to fish, but limiting the amount of fishing time or amount

of fishing gear per person or vp.ssel. Limiting the number of Fersons or vessels

permitted to fish has the effect of giving a property right to those who are so

permitted, which is contrary to public policy in many countries. Limiting the

total fiahing intensity by regulating the amount of fishing of each person who

wishes to engage in the fishery has the same effect on the fish population t=tnd

the catch, but has the possible disadvantage that the total cost of harvesti~g

the yield is greater, so that the net economic yield is less.

Administratively, it is usually easier to limit the amount of fish which

is permitted tu be caught and landed than to limit the amount of fishing effort

-46-
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directly. Limitation on fishing intensity is, therefore, often obtairiedindirec'bly

by means of quotas or limits on the permitted landings. This technique has been

employed successfully in the Pacific halibut fishery) among others. Hhere a single

annual quota is imposed for a given geographical region, the permitted catch will

ce obtained in a shorter und shorter time as the abundance of fish is rebuilt, S\O

that the fishery will t.end to be concentrated in a short season. If within the

:.:egion there are several sub-populations which become available to the fishery

at different times of the year, this results in the fishery's bearing on them

unequally. Such a cond:i.tion is apparently the case for the Pacific halibut

(Dunlop and Bell, 1952). In this event, it b~comes necessary to establish separate

catch quotas for different time intervals in order to obtain full utilization of

all the sub-populations. The Pacific salmons offer other examples of resources

composed of se7eral populations that are available to capture at different times

in the same fishing area, and for which limitations on permitted catch need t.o be

applied separately for different time periods to obtain ~he desired fishing

intensity for each of the several populations.

Limitation on fishing intensity is also of~en obtained by establishing closed

seasons during which no fishing is permitted, usually choosing seasons when the

fish are most amenable to capture. 'This seems, ot: course, to be economically

inefficient. A similar type of indirect limitation on fishing intensity meJ'" be

obtained by closing to fishing certain areas where fish· are most amenable to

capture: Where closed areas have the sole object of curtailing fishing intensity,

and not of protect·ing certain classes of fish, this type of control may, again, be

less economically desirable than others, if the areas chosen are those where fiSh

are particularly amenable to capture.

~ popular method of controlling intensity of fishing Without limiting the

number of persons engaged in fishing, or establishing direct catch limitations, is

to employ regulations to limit the efficiency of the fishing gear. This maY

involve complete prohibition of certain kinds of gear; prohibition of the use of

ancillary equipment, such as electronic devices for locating fish shoals, or the

addition of power to sailing craft; limitations on the size of vessels permitted

,"
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to engage in the fisheryj or restrictions on the fishing gear itself, such as limits

on the length of gill nets or purse-seiners or on the maximum bread<;~h of trawl nets.

Protection of fish whose conservation would result in greater
average catch or more desirable quality

As noted earlier, the total sustainable yield from a fish population may be

increased by permitting the fish to remain in the sea so long as the increase in

weight by growth exceeds the loss in weight by natura.l deaths. Harvesting fish

of larger sizes will, in some cases, also produce fish of more value in the market.

In such cases, and where it is practicable to do so, regulations to protect the

smaller sizes of fish are desirable. This may be accomplished in several ways.

Regulation of fishing gear to permit differential capture of specified sizes

of fish is a practical method in fisheries employing gill nets, trawl nets and

similar gear, since regulating the size of mesh of the nets allows fis~es below

specified sizes to escape capture. This type of regulation is being used, for

example, in the trawl fisheries of the North Sea and certain parts of the

north-west Atlantic.

It is also practical in some instances simply to prohibit the landing of fish

below a specified size. For this to be practicabie, the nature of the fish and

the fishing method must be such that (a) the fishe:rmen can a1Joid capturing the

small fish, or (b) the small fish can be returned to the sea after capture without

a large percentage of deaths. vJhere the small fish occur in different geographical

areas (often called "nursery" grounds) than the large fish, the small fish may be

protected from capture by closing such areas to all fishing.

It may happen that, within the area where fish are available to the fishing

gear] small fish occur in certain seasons of the year and large fish at others.

In such cases, closure of the fishery during the season when the small fish

predominate is an effective means of achieving this kind of control.

-48-
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Differential harvesting of sexes

It may happen that the ratio of sexes' occurring in nature is such that there

is a surplus of one sex in relation to the requirements for reproduction. In this

Jvent, the fishery may be managed so as to fish one sex more intensively than the

other, by taking advantage of differential distribution, behaviour or morphology

of sexes. It may also happen, conversely, that the unregulated fishery bears

unequally on the sexes, disturbing the normal sex ratio necessary for efficient

reproduction. In this case regulations to correct the imbalance are in order.

The only example which comes readily to mind is the sockeye salmon. For some

populations of this species in Alaska, it has been indicated (Pacific Fis~~,

1950) that there is a normal surplus of males, arvl that these may be differentially

captured by regulation of the mesh sizes of the gill nets used to catch them. .:.:

has been shown, likewise, that the gill net fishery f?r Fraser River sockeye

salmon (Peterson, 1954) is selective towards the mal.Js" the degree of selection

being related to the mesh size of the nets; here it has not been :indicated whether

or not this is desirable.

Regulations designed to ensm'e adequate recruitment

Regulatory measures are frequently employed vd,th the objeet of ensuring that

recruitment to the fishable stock is maintained. For some populations, of' which,

again, the Pacific salmon offer a ready example, it has been indicated by research

that there is an optimum size of the spawning population vlhich will produce the

maximum resulting harvest, so that regulation takes the form of restrictions on

fishi:r:g to permit the optimum number of fish to escape to the spavming grounds.

This type of regulation, which depends on the premise that the relationship between

spawning stock and resulting recruitment is the predominantly important factor

determining the rate of natural increase, has little application to most purely

marine populations.

Minimum size at first capture, obtained cy anyone of the means mentioned

above, chosen so as to minimize the capture of sexually immature fish, has been
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justified on the basis that so long as the fish are given maximum opportunity

to spawn at least once, adequate recruitment will be assured.

Protection of young fish by closure of nursery areas is also sometimes

considered a means of assuring increased recruitment to the stock of adult fish,

quite aside from the augmented iveight of catch to be obtained by allowi.ng the

small fish to gain additional weight by the excess of groi~Gh over natural

mortality, when such exists.

Protection of adult spawning fish by prohibition of fishing in spawning areas

or during spaiiUing seasons, with the aim of thereby increasing the number of

progeny, is a widely practised type of regulation which, except in special

circumstances, has little or no inherent advantage over restriction on fishing

at any other period. The ividespread belief in the effectiveness of this type of

regulation probably arises fI'om a presumed analogy with the conservation of

various land animals which ca~e for their young during a protracted 'cime and

whose protection, therefore, is necessary to the survival of their young. Since

the majority of commercially important fishes give their yotmg little or no

post-natal care, refraining from catching them during the spawning season will

produce but few more progeny tha.n refraining from ca.tching an equal number some

months earlier. The only net increase will be due to the spawIlers having

survived a certain natural mortality in the intervening period. If the stock is

equally accessible to capture during both periods (that is) if a unit of fishing

effort catches the same percentage of the existing total adult stock during the

spawning period and during the non-spawning period), there will be no gain at all,

in eggs produced, from applying the same fishing effort during the non-spawning

period rather than the spawning period, because t"le percentage of the initial

stock surviving to spawning will be exactly the same, whatever the time.
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A FIRST APPROXIMATION 'ID A MODERN THEORY OF FISHING

by

Michael Graham, Director of Fishery Research
United Kingdom Ministry of Agriculture and Fisheries

(The mimeographecl text of this paper appeared as document A/CONE'. 10/L. 7)

In 1930, Meek published a diagram on the relationships of growth and mortality

to age iu a stock of fish and almost simultaneously others developed the same line

of thought, which was indeed Petersenrs (1894) and Baranovrs (1918).~ New work

in the nineteen thirties contained a new lesson, namely, that the possibility had

arrived of continually ccntrolliog the yield of a fishery by controlling the rate

of fishing. Any difficulty thus became one not of uncontrollable fis'¥1 but of

unco-operative men.

The new theory, with mu~h evidence bearing on it, has been worked out in

detail by Beverton and Holt, whose main equation was quoted by Graham (1952)
and whose book is in preparation. Parrish and Jones (1952) have already used some

of Beverton and Holtrs methods, which are mentioned by Schaefer in his background

paper for the present confe-,:-ence}:l Dr. Schaefer has very ably and elegantly

expounded the whole subject. Perhaps there might also be some use for a short

paper with an arithmetical example, which a reader could easily follow tllrough

himself, provided we are content with a first approximation. There is no reason

to despise the first approximation, because it is sufficient to demonstrate the

main lesson, and none of the many deeper studies have, in fact, disturbed it.

l/ See bibliography at the end of this paper.

See paper erltitled "The Scientific Basis for a Conservation Programme".
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!:.1ortality and aver~ge age

Death fosters youth. At school, I was told that in the Middle Ages a

forty-year old European would be a senior among his fellows, because death by

violence or disease was more common in a man's lifetime then thau in modern times.

Although I have since learnt to be uncertain a:bout the Middle Ages, I do not doubt

the explanation, which is confirmec' by actuarial algebra and practice: a- high rate

of mortality goes with a 101'1' average age, and vice versa.

Man, nowadays, rarely meets his death by being eaten, which is the usual

fate of other members of the organic "Tarld. Most fish can be eaten by many kinds

of animals, and sometimes by parasites or other organisms of disease. If, however,

one agent of death becomes so active as to claim more fish than die by all other

agencies put together, then that agent has control of the average age of the stock

of fish. Until man attains that relation to the fish, the eXEl.mple given in this

paper does not apply. Instead, Huxley's dictum2/ is the appropriate guide: let

the fisherman be free.

The theory of fishing therefore begins thus: When the rate of fishing

effectively governs the average age of a stock of fish .•.

Theoretical examples

Having agreed that the rate of fishing could control the average age, consider

that twenty fish represent a stock .. which might really number 200 million.- ,vith

young fish coming in and old ones dying or being caught, but the level remaining

the same, just as, in even a swift stream, a pool can retain the same level. In

this case, which is quite realistic for hard-fished stocks, suppose "that a rate of

"2./ See the author's paper entitled "Concepts of Conservation".
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fishing of 0.80 holds the stock level, that is, the average annual catch is

80 per cent of the average stock. The resulting age census might be as follows,

with average weights of fish also shown.

The catch would be 80 per cent of the twenty fish, of an average weight of ~
kilogrammes, which is 0.8 of 46 kilogrammes, namely 36.8 kilogrammes.

Assume that a rate of 0.70 wouid allow the census to alter to the following

steady level:

Age

I .
II .

III .
IV ••••••••..

V " ••
VI •••••• w •••

VII .

Total

Number

6
4
3
3
2
1
1

20

Average weight
~kilogrammes)

0.17
1
2
3
5
7
9

Wd~ht of' stock
( kUograILllles )

1
4
6
9

10
7
9

46 I
Age ••••••••••••
Number •.•••.•.•

I
6

H HI
5 4

IV V VI VII VIII Total
4 3 2 1 1 26

Usir'.g the same average weights, and cne extra for the oldest fish, the result

would be:

Age ••••••••••••• I II III IV V VI VII VIII Total
Weight of

stock •••••.••. 1 5 8 12 15 14 9 10

and the new catch would be 0.7 times 74 or 51.8 kilogrammes. That is a gain in

yield, and shows how fishing less can catch a greater weight.

If one looks closely at the comparison, one can see that the gain is not

automatic. The lower fishing rate, ~vhich allows greater survival to form a heavier

stock, also takes less of that stock, and the gain car~ot continue indefinitely.

For example it is difficult to conceive of a one per cent rate of fishing giVing

a high annt~l catch; and a zero rate certainly could not.

'.

_______________IMIIIl·,·.y·,,,
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is "Conclusion

I'

In ;)rder that the arithmetic in the example might be followed easily, I have

used convenient imaginary data. Here, however, are real values for some North Sea

species (from the Beverton and Holt manuscript, for a fishery using a trawl mesl:1

70 millimetres on the gauge):

Haddock:

Species and rate of fishing

Plaice:

These figures are not first, but c:.ose, approximations, using, as well as

possible, all the available information. First approximations WOUld, however,

be sufficient to illustrate the modern theory, which might be put into words

such as these: When the rate of fishing effectively governs the average age of

a stock of fish, then varying the rate of fishing would control the yield of

the .fishery.

Great benefits of several kinds are therefore obtainable if the rate of

fishing can be controlled, especially when, as often is the case, an intermediate

rate of fishing gives the best results.

follows,

; of" stock
gralTillles )

1
~

6
1
J
7
1
6

46
)f "20

)llowing

Total
26

'esult

Total

;ain in

not

a heavier

nitely.

giving

0.70
0.50
0.30
0.20

0.70
0.50
0.30
0.20

Cod:

0.70
0.50
0.30
0.20

....................................................................

......................................................................

.....................................................................

...................... Cl 0 ..

" ..
.... Cl eo ..

••••••••••.•.•• O•...•••• ~ .••• ·.·C1··
•••• :II:O ••••••••• ".····C •••• 8 ••••• ••

••••••••• e ••• a •••••• li>.····.·iIJ .•....
...................... Cl ..

........................................ C" ..

.............. 11 .. co -," ..

Relative yield

196
212
217
197

134
137
125
112

1,030
1,440
2,100
2,450

i;
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ROLE OF THE ENVIRONMENT IN THE BIOLOGY OF
ECONOMICAL.lX VALUABLE STOCKS !/

by

John B. Tait

Read, ~rdrographic Section, Marine Laboratory, Aberdeen, Scotland

The majority of economically valuable marine stocks belong to the p~ylum of

vertebrate animals. They are P't'incipally the fishes and, among these, essentially

the so-called food fishes of co.mmercial importance at the present time. There are

doubtless other fishes, as well as some invertebrates, which, although n,: no"r of

commercial significance as human food, will one day become so by' vi:nue of

development in pressing techniques.

In the evolut"ionary scale of vertebrates at the supreme r "of t.ii'lich ia mun,

fishes occupy the lowliest position, after mammals, birds, repdle!'3 an.c. aID:;~·dbialll3.

In the case of man, his environment comprises many and various facturs, but ab~ve

all living creatures he possesses unique powers of will, self-deterrJind:cion and

adaptation, tending to render him independent of hi.s environment. Nevertheless $

one of the most significant trends in the scientific study of man has been the

increasing understanding of the extent to which the conditions of his envirc~ent

affect, and to some extent control, the life and habits of the individual, of the

social or national group., and even of the race.

On the descending scalE; from man to fishes, not only the scope of environmental

conditions rapidly narrows, but reactionary powers aD:d powers of adaptation also

diminishj a priori relationships bet,.,een the life and habits of the animal and the

conditions of its environment become the more intimatej the animal becomes

increasingly dependent upon environmental factors for its welfare, and indeed itL

survival. With particular reference to fishes, therefore, such relationships may

logically be expected to be of qUite fundamental importance.

The whole environment of fishes, excluding man's activities towards them,

comprises biological as well as physical factors - that is - food and enemies, as

In substantial measure this section is a summary of the author's H.ydrography in
Relation to Fisheries (Edward Arnold and Company, Lond~n, 1952).

-62-

well as t

on occas

as

I this is

f
to pbysic

increasi

upon the

The

fishes t

mackerel

within ,.,

narrow',

Nume

the rate

which ar

temperat

containe

respecti

same spe

retardat

risk of

conseque

vertebra

g/ Numb

Digitized by Dag Hammarskjöld Library



f,

well as the sea floor, the sea itself, and to some extent the atmosphere. While

on occasions food or predators may at one tim. or another assume major significance

as environmental factors, the aggregate of evidence gees to show that, in general,

this is only in virtue of their more immediate but temporary importance relative

to physical and chemical factors in and of the sea. Scientific investigation

increasingly points to the conclusion that fishes and their food ultimately depend

upon the varying physico-chemical conditions of the sea itself.

Physical Condi"tions in the Sea in Relation to Fishes

The temperat1ll'e of' the sea exerts marked and often decisive influence on all

fishes throughout their lives. Temperature is unquestionably the governing factor

in spa1ming, as sho1m by the comprehensive 1vorks of Schmidt (1909)Y and of Damas

(1909) on gadoids, and by other investigators in respect of herring (Fulton, 1902),

mackerel (AlIen, 1920j Nilsson, 1914) and other species (Fulton, 1902j Orton, 1927).

It is clear from experimental and natural evidence that the temperature limits

within which spa1ming takes place - and only wIthin which it will take place - are

narrow, relatively precise, and specific for each species.

Numerous experiments also have proved the correlation between temperature and

the rate of development of fish eggs (Dannevig, l895j Tait, 1952). Within limits

which are scmetimes surpassed in the sea lmv temperatures re·card and high

temperatures accelerate development. Natural evidence of the phenomenon is

contained in the different rates of developmen.t of spring al.:!. autumn herring ova,

respectively, and in the differential development of early and late ova of the

same spep.ies, even from the same fish, during a spawning season. Undue thermal

retardation or acceleration of the hatching process of fish eggs entails the

risk of infirmity in the resulting hatch, or even of mortality (Johansen and

Krogh, 1914).

Temperature differences during the hatching period have at least another

consequence. T~ing (1946) has sho1m for the sea trout that the subsequent

vertebral structure of the embryo is conditioned by temperature during the

g/ Numbers in parentheses refer to the references at the end of this section.
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period of development of the egg. Herein probably lies the explanation of the

fact that fishes of the same species are found to be larger, age for age, in cold

than in warm water regions.

Development and growth of larval and baby fishes have also been shown to be

directly influenced by temperature (Dawes, 1930/3l) independently of the influence

of feod. Sea temperature is further directly connected with the physical activity

of fishes, with their respiratory rate, rate of heart beat, and rate ot' metabolism.

Numerous experiments have shown that a temperature increase of only one degree

centigrade increases the rate of metabolism by about 10 per cent (Harvey, 1928).

Temperature, too, influences in greater or less degree the migrations of fishes,

apart from that which is associated with the spawning urge (Bull, 1952).

.64-

Salinity.

The salinity or aggregate salt content of the sea, which in this context may

be regarded as a physical quantity, is of direct consequence, pl:l.rticularly in its

space-time variations, to those marine organisms - even though they may not in the

main be fishes or fish eggs, but organisms which constitute the food of fishes 

which must adjust their i::l.ternal osmotic pressures to that of the surroUD.ding

medium. Indirectly, also, salinity in association with temperature determines the

internal friction or viscosity of the sea, which bears immediately on the suspension

of marine organisms. Associations which are not in themselves conclusive of direct

or essential connexion between salinity per se and the phenomena concerned have

been demonstrated in relation to spa'tming (Damas, 1909; Schmidt, 1909), the

abundance of fry (Johansen, 1927), the rate of' growth of fishes and - for certain

species at least - the distribution. The greater likelihood, however, is that,

in reality, the associations are with one or another of the t~~ical water masses

present, of which the salinity is an index. On the other hand, recognition must be

made of Bull's experimental demonstration (Bull, 1952) of certain fishes'

conditioned responses to a minimal change in salinity of as little as 0.2 per

thousand.

Light

Differential penetration of light into the sea has several conseq-l1ences of

significance to fishes as witness the diurnal vertical migrations of some pelagic

fishes and of plankton organisms generally. Too strong sunlight is lethal to some
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marine cr'"1atures. Again, physical activity, respiratory" cardiac, and metabolic

ra.tes are affected by light intensity (Harvey, 1928). Respiration in bright

daylight has been found among plankton animals t~ be as much as double that in the

dark (Marshall, Nicolls and Orr, 1935). Different parts of the spectrum also have

been found to be injurious to various organisms (Clarke and Ostler, 1934).

Currents

The currents of the sea, both horizontal and vertical, as manifestations of

probably the most fundamental and universal' characteristic of the sea, namely its

constant movement,to which practicall;y all questions relating either to the sea

itself or to its inhabitants must sooner or later be referred, play, at one and

th~ same time, intimate and over-all roles in the lives and habits of fishes. In

their merely mechanical effects, many examples can be cited of plankton

distributions conforming to the pattern of the horizontal currents in a region

like the North Sea for instance (Tait, 1937; Orton, 1937; Braarud and others, 1953).

BO"WlIlan (1953), with particular reference to plaice, worked out a striking example

of the close interdependence of fish migrations and the prevailing current system.

Together v1ith these, the remarkable demonscration (by Carruthers, Lawford, Veley

and Parrish, 1951) of the apparent coincidence be'cween the distribution of haddock

in the northern North Sea and the sltape of the Great Eddy in that region

(Tait, 1937) are strong pointers to the actual and potential :iJ:nportance, iIl;deed the

indispensability to fishery investigators, of the most detailed knowledge of

currents.

In brief, however, currents and water movements generally are of supreme

importance - because they are most fundamental - in all aspects of marine

investigations directed towards an understanding of the living resources of the

sea". They control the distrihution of temperature and other physical and chemical

properties of the sea on which all marine life depends; they control the

distribution of the ultimate food organisms of the fishes and other forms; they

control the dispersal of fish eggs and of the youngest fishes prior to their

acquiring motive power of their own; and, in the reproductive stage, they must

at least be closely involved in the migrations of fishes towards those places

where the physical conditions exist in which alone spawning will take place.

-65-

i,

Digitized by Dag Hammarskjöld Library



r

The Chemistry of the Sea in Relation to Fishes

Hater is fundamentally necessary to all forms of life, and being the universal

solvent, par excellence, it is to be expec"ted that all of the other substances

which are necessary to marine life will be found in sea water. Sea water almost

certainly does contain, even if only in extremely minute and so far undetectable

quantity in some cases, all of the elements nO'\>1 known to science. Only some fifty

of these have actually been detected in solution in it, the :presence of others

being inferred from the fact of their occurrence in the ashes of marine plants and

animals. There would also a:ppear to be substances of the nature of vitamins or

other metabolites in sea water.

Sea floor

There is another im:portant physical factor in the inanimate emrironment of

demersal fishes, :particularly, which influences them to a greater or less extent,

and that is tha sea floor, in its structure and topography, in its foed content

and in relation to water movement immediately above it. Diffc:l'rent s:pecies favour

mud bottoms, sandy bottoms and gravel bottoms, res:pectively._ but on account of

technical difficulties mainly :probably less attention on the whole has been :paid

scientifically and to date to this as:pect of environment than to others. Modern

develo:pments in underivater :photography and television, however, hold promise of

greater interest and progress in this as:pect of marine investigation.
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The fact that different s:pecies, often of the same genus, evidently find

o:ptimum s:pawning conditions in different de:pths of ivater (Tait, 1952) would a:p:pear

to carry the further im:plication of pressure as a material factor in the process.

The classical instance of depth as an ap:parently significant factor in s:pawning is

associated with Schmidt's solution of the eel :problem (Schmidt, 1928) when, in 1922,

he literally tracked down the smallest baby eels ever captured to a restricted

region of the Sargasso Sea, southeast of Bermuda, and deduced therefrom that the

eggs from '\>1hich they had obViously very recently hatched irere s:pawned in relatively

great depth in this region in tem:peratures 180 to 200 centigrade. Ee 1 eggs have

in fact since been take~ from the region in question (Russell and Yonge, 1936).

I
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Salinity, arbitrarily expressing the total salt content of sea water, has

already been treated as a physical quantity. The essential hyrochemical factors

from a biological standpoint, however, are the particular substances dissolved in

sea 1vater rather than their aggregation as expressed by salinity. There is

nevertheless another property of sea water of an inclusive chemical nature whj.ch

is connected with certain forms of biological activity. This is its degree of

acidity or alkalinity, scientifically expressed and measured in terms of

hydrogen-ion concentration. Sea water is only under exceptional circumstances

acid, being normally slightly alkaline in reaction on account ~ain1y of carbonate

and bicarbonate in solution.

Low hydrogen-ion concentration in the sea is usually accompanied by high

oxygen concentration and is indicative of relatively intense biological activity

among marine plant organisms, which are the basic source of nourishment in the

sea as on land. The primary condition of existence of these organisms is adequate

sunlight, from which they derive energy to break. down the dissolved carbon dioxide

in the sea, utilizing the carbon to build up starches and sugars. In withdrawing

carbon dioxide from the sea, plants thus diminish its acidity, and measurement of

this change ~n hydrogen-ion concentration enables estimates to be made of the

intensity of the above biological process of photosynthesis and also of the

abundance of organisms engaged in the process. Atkins (1926) made such estime,tes

of 1vhat is now termed "prOductivity" in the English Channel off Plymouth and

calculated this to be approximately three ;pounds weight of vegetable matter under

each square metre of sea surface area.

Fishes congregating in shoals, by their respiration, increase the hydrogen-ion
"concentration in their neighbourhood, and American investigator~ have claimed that

herring and others of the more active fishes are particularly sensitive to small

changes in hydrogen-ion concentration (Pmlers, 1921). It is a fact 1vell Immm to

fishermen in an empirical sense that herring avoid water of which the hydrogen-ion

concentration has been appreciably diminished by the presence of much

micros copical plant life. Apparently, therefore, although changes in hydrogen-ion
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concentration are generally small, these mSlf nevertheless be significant as regards

the well-being of fishes, besides affording indication of the amount of fish food

which will subsequently be available.

In respect of sea water chemistry in relation to marine life, so far as fishes

are concerned, and apart from their food, oxygen is their staple requirement.

Compared ''1ith land animals, fishes demand surprisingly little oxygen to sustain

life. As little as one-third of one per cent may suffice, and except in regions

where the water circulation is especially weak, sufficient oxygen is usually found

dissolved in sea water to sati~'fy respiratory needs. This is true also of many

inorganic constituents of sea water} present in solution in extremely small amounts;

there is eVidently always a sufficiency to meet the needs of marine plants and

animals for these.

Many marine animals appear to be able to draw directly upon a number of the

inorganic materials in the sea - especially sodium, magnesium and calcium - to

build their bodies. A number of elements such as strontium, vanadium, nickel,

cobalt, lead, boron and manganese have been detected in the body structure and

fluids of marine animal~, but the""reasons" for their being present are still

obscure, except perhaps in the case of strontium. This element, chemically allied

to calcium, eVidently replaces the latter under certain circumstances as the main

constituent of the shells of some marine animals, the reason being that calcium

carbonate (the form in which calcium mostly exists in the sea) is more soluble in

cold than in warm water and on that account is less easily withdrawn from cold

water, sSlf, in polar regions. Strontium carl.:mate has the opposite characteristic,

being more soluble in warm water than in cold water, from which it will therefore

more easily be deposited. The discovery of a radiolarian in the Antarctic whose

shell is almost completely made of strontium carbonate appears in support of these

facts. I~ very warm waters calcium is almost the only constituent of marine shells.

Copper, which is generally poisonous to living organisms, does, in minute

amount fulfil a necessary function in the lives of oysters and of a number of other

marine animals in whose bodies it has been found (Marks, 1938). Cobalt, too,

occurs in lobsters and mussels, arsenic in the tissues of many marine forms, while

barium, boron, cadmium, chromium, iodine, lead, manganese, nickel, potassium, tin

and even radioactive elemeni1s, from their occurrence in the remains of liVing

organisms, evidently play a part in the life of the sea. All of these except
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potassium occur only in minute quantities in solution in the sea. Some of them 
. like cadmium} chromium, cobalt and tin - have not so far been specifically
identified in sea water itself.

Iron is another metal which occurs in minute concentration in the sea in
ccmbination 1vith other elements which render its absQ1'ption by plants and animals
possible. Iron, however, along with certain other sUbstances, has a special
significance in the vital economy of the sea. Only a few substances have this
particular significance.

Brandt in 1899 formulated the conditions necessary for plant growth in the
sea, specifying certain materials as indispensable. In their elemental form these
are carbon, oxygen, hydrogen, nitrogen, sUlphur} phosphorus, calcium potassium,
magnesium, iron and silicon. By analogy with Liebigfs Law of the Minimum in
regard to land plants, ~randt further affirmed that each ()"f these indispensable
substances must be present in at least minimum amount, and he indicated nitrogen)
phosphorus} and perhaps silicon and iron} as the substances most likely to occur

oin less than vitally minimum concentrations. In the forms in which they occur
in the sea and in which they are of service to marine plants - nitrogen and
phosphorus to build up protein} and silicon for structural purposes - it is the
t1VQ former elements} as nitrate and phosphate, but particularly the latter (the
ratio of nitrate-nitrogen to phosphate-phosphorus' (Cooper) 1937) in the see. being•of the order of about fifteen to one), which in fact first fall below the minimum
requirement. This is due to their rapid assimilation by marine plants immediately
follOWing the intense photosynthetic activity which is characteristic of the
upper sea layers in spring. Further plant proliferation depends on the renewal of
phosphate by vertical circulation of the waters so as to bring nutrient rich
bottcm waters into the photosynthetic layers. 'VJhere the entire water column is
denuded of phosphate} as in many of the shallower shelf regions around cont.inents,
rene'val of phosphate depends upon current activity frcm oceanic regions} both
vertical and horizontal currents} the former to bring up nutrient-rich deep
waters on to the continental shelf by upwelling process, and the latter to
distribute these upvTelled waters over the shelf region. Rene1'Tal of the
phytoplankton-bearing upper layers in phosphate thus frequently occurs tmTards .
autumn in temperate latitudes mainly, leading to a secondary outcrop of vegetable
matter generally of smaller magnitude than the spring phencmenon.
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Again, the fact of the total utilization of phosp~ ).G~-phosphorus by marine

plants in the photosynthetic zone maiY be used as a basis for calculating the

approximate productivity of a region, first in vegetable matt6_ ~d, second,

prospectively, in weight of fish. Atkins made such calculations in the English

Channel (Atkins, 1926, page 197), and although he expressly states that the

coincidence is fortuitous, he did, in respect of vegetable matter, obtain the same

approximate figure, namely, three pounds weight per square metre of sea surface,

as that which he derived from his calculation based on differential hydrogen-ion

concentrations. For the ,.eight of fish that might accrue from this production of

vegetable matter, and haVing regard to various contingencies which are not yet

measurable, his estimate was from one to seven tons of fish per square mile of

sea surface in water of forty fathoms depth.

While phosphates and nitrates are almost certainly under normal circumstances

the determining factors for the development of marine plants, they may not be so

under all circumstances. Silicon, for instance, is required by diatoms in the

construction of their skeletons, and silica occurs in only very small amount in

the sea and is subject to well marked space-time variations similar to those

undergone by nitrate and phosphate. Provided, however, that diatoms can utilize

the most minute amounts of silicate, the evidence is that its scarcity can hardly

be held to limit diatom growth. But, as implied in the provis<J, it is not unlikely

that the diatom cannot fabricate its siliceous shell in water below a certain

concentration in silicate.

Iron, an essential constituent of vegetable organisms, has assumed this

aspect of minimal occurrence despite the fact that it is excreted by zooplankton

more rapidly than phosphorus, and probably therefore returns into circulation more

quickly. However, most of the iron in the sea is present in a form not directly

usable by organisms, less than 10 per cent (Cooper, 1937b) ceing in true solution.

The position therefore seems to ce that plant development may so~eti~es be delayed

by a deficiency of available and usable iron.

In conclusion, as already stated, there is evidence of the existence in

solution in the sea of certain growth-promoting' substances apparently of the nature

of vitamins. It is well known, for instance, that marine organisms are more easily

reared and show much better development in natural than in artificial sea water,"
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suggesting that some organic substance, or group of substances, occurring widely

perhaps among the breakdmm products ..)f living organisms and dissolved in sea.

,vater, act as growth-promoting factors. From existing knowledge of the nature of

such breakd.own products, not all of ''1hich are beneficial to marine organisms, it

seems almoflt certain that their action is essentially chemical. Lucas puts the

modern viewpoint on this question comprehensively in two recent essays

(Lucas, 1947 and 1949).

Conclusions

In the light of the preceding discussion, it is clear that the relationships

of fishes with the many and various factors in their inanimate environment are of

a. fundamental character. The foregoing considerations, exemplified and supported

by reports on pages citing particular examples, demonstrate with some cogency the

almost constant and, for the most part, intimate, dependence of fishes on

environmental factors; in other words, that, directly and indirectly, the growth

and even the survival of fishes are closely bound up with these factors, the most

essential and vital of which vary seasonally and fluctuate annually. There is

evidence also of still longer-term fluctuations to which they are subject

(Tait, 1956).

In these circumstances it is legitimate and reasonable to look to these factors,

separately and together, for at least part - probably a most significant part -

of the explanation of fluctuations in space-time occurrence in abundance, and in

quality, to which all commercial fisheries are subject. Until these phenomena of

fluctuations are much better understood than at present, understood to the extent

of being able to anticipate them, measures of conservation of valuable food fish

stocks .can scarcely be other than empirical, more or less tentative, and in the

long run probably only palliative. Fortunately, in at least one fishery region

scientific research has gone far enough to point the moral.

The crux of the matter of fluctuations in the stocks of fishes is celieved,

as the result of biological investigations, to reside in an extremely restricted

period of a fish's life, when it seems to depend ~lmost entirely for survival upon

a chain of inanimate environmental factors, culminating in the inclusive -biological

environmental factor of food. The stock of a particular species comprises fishes

of different ages, the proportion of these age groups, or year-classes, fluctuating
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from year to year. Normally, one or two, sometimes three, age groups dominate the

fishery of a species for one or more years. The strength or abundance of a given

year-class is evidently detel~ined at an early, critical stage in its eXistence,

and this crucial stage in. the lives of individual fishes falls within the first

two to three or four days immediately following the cons'..:mption of the yolk sac

with which the baby fish is hatched frcm the egg (Woborg, 1948). At this stage,

survival depends essentially upon the presence in its imreediate vicinity of the

minute animal and plant life on which it must feed. The latter, as the basic

requirement, depends, as has been pointed out, on a sufficiency of dissolved

nutrient salt, principa.lly phosphate, in the sea. This, in turn, in the relatively

shallow continental shelf regions where up to the present the bull<;: of the world's

food fisheries are to be found, and where the basic marine vegetable organisms

are most prolific, after its first rapid and total abstraction from the sea by the

vernal outcrop of plant life, depends for replenishment on vertical and horizontal

current actiVity generating water displacement from the deep oceanic regions on

to the shallower shelf areas.

This primary significance of the oceanic water masses to the health of fish

stocks seems to b.e well illustrated by the following example, The most outstanding

case of a particular year-class which dominated a fishery for many years is that

of the 1904 year-class in the Norwegian sprilg herring fishery (Hjort, 1926). In

1907 there were five fairly rich, evenly represented year-classes in this herring

stock. These were fishes four to eight years old. In 1908, this even proportion

was broken by the appearance of the 1904 year-class, which in the following years

exceeded all other year-classes. In 1910, when six years old, it formed almost

77.5 per cent of the Norwegian herring stock. Four years later it was still above

50 per cent. Even in 1919, "Then it was fifteen years old, this 1901+ year-class

was still numerically the strongest. It only petered out in 1922 and 1923 when

the 1918 brood of herrings, entering the catches in 1922 as four-year-old fishes,

began to displace it. The 1904 yet ~ lass not only contributed strongly to the

Norwegian herring fishery for mam years, but also dominated the Norwegian cod

fishery until the next most abundant year-class came along in 1912.

The phys;Lcal data relative to the sea which were collected in the first decade

of the present century were much more meagre than current data. None the less, ~

the records of temperature and salinity - particularly the latter - for the years

-72-
Digitized by Dag Hammarskjöld Library



ifi

dominate the

e of a given

existence,

. the first

e yolk sac

this stage,

.ity of the '"
'"he basic

ssolved

the relatively

the world's

organisms

he sea by the

.nd horizontal

regions on

.th of fish

,St outstanding

ars is that

., 1926). In

this herring

n proportion

.lowing years

wed almost

.s still above

year-class

! 1923 when

'-old fishes,

19ly to the

regian cod

first decade

the less, ,

'or the years

1903 and 1904 pertaining to the northern North Sea and neighbouring wate~s are

...ufficient to justify' the iDference that oceanic influence in these regions was

abnormally strong in these two years, especially perhaps the former.

In extension of the above classic case, and apparently adding further

significance to the influence of oceanic water illasses, Hjort, in the winter of

1914/15, when he was wor~ing in Canadian 1V8ters, found that the majority of mature

Newfoundland herrings belonged also to the 1904 year-class (Hjort, 1919). On the

other hand, he found that herrings off the coast of Nova Scotia, and off the

southern shores of the Gulf of st. Lawrence, w'ere quite different in age

composition from the Newfoundland stock. The significance of the difference almost

certainly lay in the fact that the Newfoundland population 1V8S more closely

associated with the oceanic Gulf stream water than were the Nova Scotian and

Laurentian stocks.

An example of more recent date, which incorporates practically all the

environmental factors concerned, adduces stiJ~ stronger evicence of the highly

significant role of inanimate en7ironmental factors on stocks of fishes, and focuses

attention in this regard on the a:pparently preponderant influence of the ocean

water mass, in its variations and fluctuations, on the fauna of the shelf ~egions

which are of such importance to fisheries. From the year 1930, the flo~l of Atlantic

Ocean y,Tater towards and into the English Channel at the period of its me.ximum

annual intensity declined almost year by year for eight years. This im];.'):rtant

finding was not obtained from actual physical observations in the sea, but by

deduction from the numbers taken of certain animal fish food species Which, on

the basis of Russell'S plankton indicator theory (Russell, 1939), deno.... 3 oceanic

water environment. However, certain quantitative dynamic computational fj.gures

are now available (Tait, 1956), relative to the Atlantic current in the

Faeroe-Shetland Channel north of Scotland, w.cdch may be assumed to be 1.'1 at least

apprOXimate correspondence with the English Channel as regarjs the flow of

oceanic water towards it, wh:1..ch confirm the above deductions relative to the years

from 1930 on.

In this same period of eight years both nitrate and phosphate in the English

Channel declined in amount e,t the time of their maximum concentrptions before the
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spring outcrop of plan' Ufe. Comparison of phosphate records for the two periods

1924 to 1927 ana 1934 to 1937 show that the decrease in the latter period as a

whole compared wit;.J. ;;he former was about 35 per cent.

As the result prim~Jacie of these declinations the ...nnual amount of planktoni~

life, plant and animal, in the English CharL~el region diminished correspondingly

after the year 1930, and again, from 1931 onwards, there was a remarkable decrease

in the abundance of larval fishes in the Channel)..! This decrease at first occl.l!'red

only in tne comparatively small number of summer spawning fishes, but it extended

subsequently to the more numerous spring spa\in1ng species also. If average numbers

for the four-year period 1934 to 1937 are compared with tuose for the same period

ten years before, namely, 1924 to 1927, it is found that the larvae of the sumner

spawning fish in the iater period were reduced to little more than one-fifth of

their ~ormer abundance, while the numbers of the young of spring spawners dropped

to one-third. ~lliat is especially significant is that practically all species were

similarly affected, indicating that tne decrease was not due to a chance coincidence

in annual fluctuations, but was probably correlated With, and the outcome of,

reduced plant crops due to marked decline in phosphate and nitrate concentrations,

which, in turn, failed to be repleni3hed at least in sufficient quantity on account

of diminutioL or of seme form of deterioration in the indraught of deep oceanic

water masses by the prevailing currents.

These very practical researches in the English Channel go even further. They

cite concrete evidence of an actuaJ ~ishery fluctuation associated with the

changes mentioned. By the year 1938, the herring fishery of Plymouth had declined

to such an extent a.s to be practically non-existent. 'rue most significant feature

in the trend was a marked change in the composition of the catches which began in

1931/32, in the winter of the year in which the larvae of summer spawnin& f~sh8s

first showed signs of decline. Prior to 1931/32, the youngel' herrings of six years

and under formed at least two-thirds of the catches. In that season, however, they

One must here note, how'ever, that phosphate rich ~'Jater may not always lead to a
good survival of larval fishes (Russell, 1951). !' Ire 1929", to quote Russe:U
"\vhen there was fertile \Vater in the area (tIle English Channel off Plymoutl:) the
usual peak of young of spring spa\voing fish was missing," owing, it is thought,
"to a great abundance at t~1e time of voraCious ctenophores ll

•
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were only 52 per cent of the total, and frC'lU then ,- the:e was a progressive and

rapid change in the composition of catches unt..... ....!ey ccmprised in 1938 less than

20 per cent of the younger, and more than 60 :per cent of the older, fishes. It is

germane to note that this cha.nge in the age composition of the berring shoals was

not iw~ec. .~ reflected in the bulk sizes of the catches, which for some years

were maintained at a good level by the considerable stocks of older fishj but as

these passed out of circulation they were not replaced by adequate numbers of the

younger year-classes.

It certainly appears, therefore, that not only 5.0 the main and probably the

essential cauces of fishery fluctuations lie in the physical and chemical factors

of the inanimate environment, in thE'! varying amounts and composition of typical

water masses - probably for the most part of a particular water mass - pervading

the fishery regions, but also adequate observation of these factors would afford

at least a substantial means of anticipating such fluctuations. As the writer

has formerly pointed out, and Deacon and Kesteven have endorsed, physical, including

chemical, oceanography is, by analogy with agriculture and similar pursuits on

land, at once the meteorology, the climatology, and the soil science of fisheries,

and something approaching the pattern) perhaps also the scale of observations taken

in these scie'1ces, would seom to be a sine qua ~ :for the solution of some of the

most pressi, _~roblems concerning the living resoUrces of the sea.

At the same time, since the comparatively short treatment in this section of

highly comple'C phenomena of environmental relationships in the sea must inevitably

tend to some over-simplification of the issues, it must be emphasized that the

fruits of the implied recommendation in the foregoing paragraph are probably only

realizable in proportion as the biological phenomena concerned are like1v.Lse

accurately specified and assessed in something like quantitative terms.

These suggestions and recommendations'demand for their execution operations of

two broad categories: field operations and laboratory, including aquarium,

operations, each category subdivisible under a number of heads. Field operations

range from local to lesser or greater regional surveys - the former probably more

systematically intensive than the latter - designed to collect the bionomic,

physical and chemical data for evaluation of both the static-and the dynamic
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factors ~bove specified. Regional institutional resources, existing or to be

established,~/ would be necessary to supplement those of national and local

institutions and laboratories.

laboratory and aquarium opera~ions would take care of fundamental research

on the methods and measurement techniques, physical, chemical and biological, to

be used in field operations, and on various aspects of the physiology of marine

creatures, knowledge of which is necessary to the proper appreciation and

interpretation of field survey data. Research of this kind is at present carried

out at the marine biological stations of the world and at such institutions as,

for example, the Scripps and the I'loods Hole Oceanographc.c Institutions in the

United States, the British National Institute of Oceanography, the Geophysical

IrJstitute of Bergen Uni:versity, that at Gothenburg, SWE'.den, and the former

Institut fUr Meeresklinde in Berlin.
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OUTSTANDING QUESTIONS

by

John B. Tait2/
Head, HydrograIlhic Section, Marine LaboratorJi', Aberdeen, Scotland

Basic Questions

Fluctuations in food fish stocks

The greatest and most comprehensive need towards that understanding of the

living resources of the sea which is indispensable to their rational utilization,

and consequently to the formulation of scientifically sound measures of

conservation in respect of an,y given species, or group of species, would seem

to be systematic and, in particular regions, intensive and detailed observation

of those characteristics of the sea - its movements, its conservative and non

conservative properties - which have obvious and profound influences on fishes

and other marine creatures on 't'1hich fishes depend. The great problem of

discovering the causes of natural fluctuations in the incidence, abundance,

and quality of fish stocks seems fundamentally to depend for its solution on

such observation. From' knowledge of the causes to anticipation of such

fluctuations, and hence to prediction of their effects upon the stocks of

economically valuable species; is of course the supreme objective, and the

immediate modus operandi would seem to be through world-wide, co-ordinated,

physical (including chemical) oceanogr~phical services after the pattern of

the meteorological organizations.

Conjointly, and with the same problem in view, there is almost equally

great need on the biological side for accurat.e, quantitative assessments of

local and regional fish stoclcs, the age composition of each and the annual

recruitment theretoj of predator s~ecies; of the abundance and composition

of fish food as well as of inimically non.,.fish-food organisms; of the exact

2/ Based on suggestions received from experts.

-81~

i,

Digitized by Dag Hammarskjöld Library



i,

nature of the contribution of the former to the development, growth and

maintenance of fishes under varying physical conditions, and, on a uniform

basis of inter-comparability, of the intensities and magnitudes of man's

predatory activities tO~vards economically valuable food fish stocl~s. The

desiderata here are: comprehensive vital statistics from the field, and

controlled laboratory or ag:uarium researches on various aspects of the physiology

of fishes.

Save perhaps that improvement of existing methods, or development of new

methods, might be expected to facilitate and accelerate the collection and

processing of observational data, the acquisition of the necessary information

on the inanimate environment presents no undue technical difficulty. For the

collection of the basic materials of marine vital statistics, on the other hand,

new and improved methods of capture of the creatures are necessary in at least

a number of cases, and in some respects also the necessary biological l~owledge

is lacking.

Nutrition of fish

Nutrition, as a biological environmental factor affecting food fish stocks,

assumes significance chiefly in relation to the development and rate of growth

of fishes, but also in the matter of their quality. In the first instance,

however, for some important food fishes there is still a lacl~ of field

~owledge of the actual organisms which constitute their food. In the main

this is fairly well l~o,m for North Atlantic commercial species, but for other

regions (see below) the information is at least deficient if not entirely lacking.

Kno~.,ledge of the rate of growth of various fishes maximally nourished under

varying conditions of temperature, salinity, light, and possibly other factors,

~vhich is to be gained by experimental research in aquaria, is for the most part

scanty, and sometimes completely lacking. The existence of, "standard" ~owledge

of this kind is required as a basis for information on the relation of the amount

of fQod available to stock size and quality; this affords an indication of the

optimum or safe displenishment of stocks by capture wi-chout incurr-ing risk of

overfishing. Another important application of such basic l~owledge would be

the offsetting of a region of poor growth rate by transplantation of species,

if practicable, as in the case of North Sea plaice, to a region of maximal growth.
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Concurrently with ex,perimental research on growth rate in relation to

nourishment by weight, an investigation could also be made of the question

of quality judged by fat content, in relation to the fat content of the

nourishment supplied, having in view the relationship of the fat content

of plankton organisms to the quality of fishes which feed upon them•

Although probably more clc;3Bly connected with the nourishment of the

food organisms of fishes than with the fishes themselves, the long-debated

question of organic solutes in the sea, recently revived since the disco::rery

of the nsw chemistry. skill of identification of trace substances by paper

chromatography, deserves further investigation as a possibly significant

environmental factor.

The questiG'1 of disease in fishes, about which very little is known,

has possibly some relation to nutrition. The question of why herring, for

instance, avoid certain plankton organisms and the regions wherein they are

to be found, might be more meticulously examined. It is known that

lymphocystosis, probably caused by a virus, produces some striking symptoms

in plaice, for instance, such as tumour-like swellings in connective tissues,

especially in fins andcail. Halibut not infrequently come to market with

more or less obvious signs of disease. ·Ex,periments in aquaria, in which

deadly infections with microsporidia and Vibrio anguillarum were used, show

that in certain circumstances they may increase the normal mortality of a

species.

Tropisms of fish

As regards the difficult and complex problem of the various tropisms of fish

and their responses to currents, temperature, salinity, light and other physical.
and chemical properties of the sea, the following quotation from the concluding

section of a recent publication {Bull., 1952)§./ seems appropriate:

"Individual teleosts per~ei.ve, and react purposoively
to as shown by their ability to form conditioned responses

these minimal changes in the water immediately surrounding them:

(a) 0.030 centigrade of temperature
(b) 0.2 per thousand of salinity
(~) 0.05 pH {hydrogen-ion concentration)."

§.! See bibliography at end of preceding section.
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Whether they are capable of similarly perceiving chAnges in rate of current

flow has not yet been resolved. So far, the evidence is that they do not

perceive such changes when the rate of change is very slow. There are, however,

great practical difficulties in carrying out the work usi.ng rates of flow, and

other factors corresponding to the normal tidal flows or oceanographic currents.

The experiments, like other conditioned response experiments, whether

yielding positive conclusions or not, permit no statement on their "psychological"

meaning. But the way in which the responses are carried out suggests that they

are different in character from typically non-volunta"t'y acts, such as the

maintenance of equilibrium. In nature, reactions based on these percept'lal

abilities would probably be both voluntary and intentional.

The physical distribution of these properties of sea water is such that

they might well serve as directive stimuli, the more so since the perceptual

ability of th~ fish lies close to the limits of accuracy of the hydrographer1s

estimations.

In considering these problems as a Whole, Bull states, he was "struck "by the

complete absence of accurate, compendious studies of the normal behaviour of

even our commonest food fishes... The preparation of such monographs - based

on direct observation and laboratory experjments - would certainly produce

facts, and very likely also new ideas.1! Obviously, according to this expert,

much valuable work needs to be done in this field, so contingent upon tb.e

problems of fish migrations and of causes of stock fluctuations.

The evaluation of productivity in the sea, including the problem of

measurement techniques, is now attracting greater attention than before. The

question is not yet answered, for instance, whether the determination of

plankton production by the aid of carbon 14, as developed in recent years, which

appears to give valuable information on the basic nourishment for life in the

sea, is superior - in assessment of the influence of plankton on the distribution,

density, and quality of pelagic fish - to the-much simpler, more straightforward

method' of instrumental plankton collection. Whichever method is finally proved

to be most reliable, the objective is the ::='egistration of the productivity in

food fishes of various parts of the sea, thus contributing also from this angle

to the solution of the problem of optimum yields from fisheries.
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Investigation of assimilation phenomena by means of other tracer elements,

phosphorus 32 for example, is advocated. Likewise, the development 0::' "'",rial

method is n~eded for determining the quantities of dissolved and particular

carbon, and the development also of indicators 1'0: the levels of assimilation

and remineralization processes in the sea, fo!" example, components of the total

phosphate, manganese, nitrogen components, cbl~rophyll, proteins and reduction

potential.

~egional Problems

Pacific and Atlantic Ocean areas

Among regional problems there is one ,.hich is both a basic ~ubject and

regional, the latter in almost a world~\dde sense. The tu..J.as, as pointed out

by Royce,II may on the one hand "comprise ultimately the most important food

fishery in the world", yet, on the other, 'iespite their "present and potential

importance very little is known of their biology". Associated with the

biological problem are the technical ones of development and improvement of

instruments for locating, identifying and delineating oceanic pelagic fish

shoals and planning proper oceanic fishing vessels and gear.

Mediterranean Sea

In respect of Mediterranean tunas, at present so little is known of their

ecology that it cannot even be said whether or not the Mediterranean stocks are

being sufficiently exploited as human food. Here would seem to be a question

with preliminary technical problems and doubtless other associated problems,

which, notwithstanding its vE-stness and intricacy, is so outstanding as to call

for il'mnediate and concerted attack: the ecology of the tunas, which have almost

world-wide distribution. Of these there are at least six groups of species,

1-Thieh, besides being a potentially invaluable human food resource, are,_u some

cases at all events, also voracious predators on other valuable pelagie food

fish species, such as herring, mackerel'and ~ardines.

If See "A Statement on the Ecology of Tunas" in this series.

-85-

I,

Digitized by Dag Hammarskjöld Library



'-...-- .. :

The Gcientific, efficient utilization of European stocks of the sardine is

also hindered because of certain deficiencie~ in both field and laboratory

knm-fledge. Muzin{c~/ and other eXf,erts imply that the whole ecology of the

sardine (both Mediterranean and Atlantic stocks) needs to be put upon firmer

bases. Statistics of the sardine fisheries relating to fisl':ling effo:rt and

c'-'.tch appear to be seriously inadequate, while adequate assessments of stock and

brood strengths evidently await a reliable method of determining the age of a

sardine. Apparently considerable difficulty in this respect is encountered in

the Mediterranean.

South-eastern Asia

Frem south-eastern Asia, Them Ab KOv1, of Malaya, submits a problem as a

matter essential to the foed fisheries of this region. This is ~he distribution

and ecology ef seme five species of the genus Stolephorus Iac~p~de,2/ inhabiting

the Straits of Malacca, the South China, Java and Andaman Seas, with questions

involving the food and feeding rel~tionships of the differerrt species, and the

responseci to e~viror~ental factors of those caught in large quantities.

ORGANIZATIONAL PROBLEMS

b;r

The secretariat of the United Nations Educational,
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International co-operation in the field of oceapographic research, both

fundamental a~d a~ specifically applied to fish, is at present being carried

on thrOl''-';h organizations which may be broadly classj,fied into the following

t\vo groups :

(1) International scientific societies such as those concerned with

geodesy and geophysics or inth the biological sciences, comprising such

~/

9 '-I

See "Some Observations on the Habits of the Sardine" in this series.

See "Response of StolephoX'us yseudobeterolobus Hardenberg to Environmental:
Pactors" in this series.
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· specialist organizations as the Association d'Oceanographie physique (Association

for Physical Oceanography). These societies are of the non-governme~~altyp~.

Their basic purpose is to develop contacts among experts by means of congresses,

exchanges of pUblications and the like. For example, an international

conference on marine biology laboratories was held in April 1955 at Rome 'mder

the auspices of thelntEr~atiosalUnion of Bic:,gical.Scien~es.

(2) Regional bodies, which systematically collect data likely to be of

value in utilizing the resources of the sea and, as necessary, propose

administrative measures for the conservation of ~hese resources. These bodies are

usually inter-governmental. A typiC'<u example is the International Council for

the Exploration of the SeCL, which was set up at the beginning of the present

century. Other such bodies that may be mentioned, without attempting to give

a comp~ete list, are the General Fisheries Council for the Mediterranean, the

International Commission for the Northwest Atlantic Fisheries and the Indo

Pacific Fisheries Council. These bodies maintain relations with the Food and

Agriculture Organization of the United Nations, which in some instances (as,for

example, in the Indo-Pacific region) even handles their administrative worl\..

There thus eX7sts already a large network of bodies concerned either with

the advancement and dissemination of basi-c knowledge or with the study of

measuxes to promote the rational utilization of the resources of the sea. The

previous sections have clearly shown, however, that there is a need for

co-ordinated research on a world scale, and it appears that further improvement

in this direction can be anticipated.

In the first place, it seems essential that the results of oceanographic

observations should be systematically collected sothat synoptic data might be

provided for use by the regional and 10eal bodies. This procedure has already

been adopted in meteorology. With particular regard to the habits of

econemically useful species, the necessary data .~ such as are at present lacking

on the biology of the various species of tuna can only be obtained through

research directp.d and co-ordinated on a world scale.

Furthermore, study of the phenomena of the oceaJ:1 involves several distinct

branches of 'sciences, all of which must be co-ordinated if science is. to be

placed at the service of the fisheries and if information of value for rational

utilization of the resources of the sea is to be obtained.
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The Food and Agriculture Organization and UNESCO have for some years been

jointly considering means to achieve this purpose. At its eighth General

Conference, held at Montevideo at the end oZ 1954, UNESCO 'approved its Director

General's proposals in this matter.10/ 'i'he UNESCO program.ne for 1956/57, for

which the Conference appropriated a total sum. of $54,000, -provides for

establishment of an International Advisory Committee on Marine Sciences, with

functions similar to those which the Advisory Committee on Arid Zone Research

has in its own field. The duties of this ccmmittee will be made to m8ke

recommendations concerning the stimulation and co-ordination of fundamental

research in physical oceanography and marine biology and to mobilize scientific

knowledge with a view' to so:;'ving specific problems encountered i:.:J. the

utilization of marine resources in various parts of the world. This means in

effect that the committee will have to take steps for co-ordinating relations:

(~, among the various 1).c:mches of sciencl. concerned with aquatic phenomena

(including limnology, viilich has valuable experimental data to offer); (~) between

scientific knowledge and rational utilization - in other words between theory

and practice; (~) between under-developed countries and the most advanced

research institutions.

At the conclusion of the International Technical Conference on the

Conservation of the Living Resources of the Sea, a meeting of experts is to be

held at Rome to consider this committee's programme and mode of operation,

particularly in the light of the results of that conference.

The importance of international co-operation in oceanography was stressed

in the course of studies carried out between 1946 and 1948 by the United Nations

on the possibility of establishing international. laboratories. These studies

were made by various authorities, including Professor J.A. Fleming, who at that

time headed the International Council of Scientific Unions, ana.
Professor H.U Svetdrup, who was then directing the Scripps Institution of

Oceanography in the United states. A booklet entitled "The Question of

Establishing United Nations Research Laboratories" gjwas published.

10/ Cf. document Ul\1ESCO/8C/PRG/22.

11/ Sales No.: 1949.IV.l.
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liith regard to the Indo-Pacific region, the foll.owing documents are of

interest: "Report on International Oceanographic Requirements", adopted by

the rndo-Pacific Fisheries Council at its fourth seSS:L J. (Q.uezon City,

Philippines, October 1952; the ~~SCO report on the meeting of consultants to

consider the possible creation of an oceanographic organization for t~e Indo

Pacific Region, held at Manila in October 1953 (UNESCO/NS/1l3); the circular

letter ML/997 sent by the Director-General of UNESCO to UNESCO national

cornrJissions in June 1954.

With regard to Latin America, an expert committee convened at Concepcion,

Chile, in November 1954 by the Field Science Co-operation Office of UNESCO

made a number of recommendations (UNESCO/.;/DIV/29), some of which are now

being carried out.

The UNESCO programme on marine sciences was the subject of a report adopted

by the General Conference at its eight.h session, held at Montevideo at the end

of 1954 (UNESCo/8C/PRG/22). UNESCO's methods of action ill the field of

scientific research in general are described in the report Ul~ESCO/NS/1l4 (rev.).

Reference is also made to the report entitled Oce~ography and Fisheries

by G.L. Kesteven, Chief of the Marine Fisheries Section of the Food and

Agriculture Organization of the United Nations.

LIFE HISTORY OF Penaeus japonicl.l.::::

by

Motosaku Fujinaga, Chief,
Research Department, Fisheries Agency of Japan

In Japan the study of the life history of kurumaebi (Pe~eus japonicus),

whic~ is the representative species of the peneids in the waters arO'l'ud Japan

is more thoJ.'ough and complete than that of other fishes. Generally speaking,

the shrimp or prawn lives along or near the coast, and the range of its

migration does not exceed fifty nautical miles. Penaeus orientalis,- on the other

hand, migrate as much as several hundred nautical miles. Shrimps (peneids) are

one of the most ~ortant marine resources of all crustaceans, with geographical

distribution extending to. 'Y.raters in temperate and torrid zones all over the

world.
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Spawning habits and seasons

The spawning season of the shrimp is between the middle of April and the

beginning of October, the high season being from the middle of June to the end

of August. In other words J the best season for spawning is summer, when the

temperature of the sea is highest. Spa1voing takes place during the night, while

the shrimp are s1,limming. The number of eggs laid by a single shrimp of

20-centimetre body length is approximately 700,000.

Development

The eggs hatch out in fourteen hours if the water temperature is between

2'70 centigrade and 29~. The ne1vly hatched larvae are called nauplius. These

moult six times and after the sixth moult pass into the zoea stage. The time

necessary for six moults, in water of 27
0

to 29
0

, is between thirty-seven and

thirty-eight hours. Larvae in the zoea stage experience three moults, and after

the third moult pass into the mysis stage. The time required is about five

days 1vhen the water temperature is between 270 and 290
• Larvae in the mysis

stage also go through three moults in five days. After the third moult they

are then in the post-larval stage. Larvae in the post-larval stage moult

every two or three days and gradually assume the shape of adult shrimp.

The nauplius, zoea and mysis stages are completely planktonic. The

beginning of the post-larval stage is still planktonic, but after ten or twelve

moults the ma.ture life of the adult begins, the creatures remaining in the sand

during th.= daytime and ccming up into the water at night. Nauplius stage larvae

can go without foed from outside as they have a store of yolk within the body;

but in the zoea stage this store is exhausted and foed from outside is th~n

necessary. Therefore, unless the proper food is then available, the larvae

perish. Actually, 'very few larvae survive the zoea stage, in which their food

is phytoplanktonic. Only in the mysis stage do they begin to take zooplankton.

'I'hereafter their foed is primarily animal.

Since spawning takes place in water deeper than ten metres, eggs and larvae

in the initial stage are not usually found near the seashore. It is not

until they enter the post.;larval stage that tJileycongregate close to the seashore~

1vhere they grow to a body length of four to five centimetres. After that they

gradually move offshore.
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The growth of the larvae is so rapid that those which hatched in April or

May become parent shrimp in October of the same year. Their life is between one

and two years, with very few living longer than two years. Of all peneids in the

,,,aters around Japan, it is only the shrimp which lives longerthan a year; the

life of the others is .mostly one year. Even in the case of shrimp of a larger

size, SUCH as Penaeus orientalis, it takes no more than six months for them

to mature; their span of life, too, is a year. Shrimps belonging to peneids

in other waters a~e presumed also to live only for one year.

Conservation

Fluctuations of shrimp Tesources are almost entirely dependent upon

changes in the physical environment such as changes in temperature, in other

sea water conditions and in the amount of s'mshine; the intensity of catch has

hardly any effect upon the condition of the resources. The most that can be

done to control the effect of the environment is to prevent ':~e pOllution of

sea water. Even this, however, would be almost nothing compared with the

influence of the natural physical circumstances.

THE ATLANTIC SARDINE

by

J. Furnestin, Director
Scientific and Technical Service for Fisheries, Paris

Although the details oL the morphology and biology of the Atlantic sardine

are well known, there has seldom been any attempt to synthesize them. The basic

facts about the habits of this fish and its reactions to itci environment have

not been studied to the same extent, and for the most part are not known. The

main features of its ecology have, however, been determined from exact

observations and from hypotheses based on a large body of compatible data.
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Habits in a Normal Environment

Effect of temperature

This is the most important factor; for the distribution of the species is

strictly limited in the Atlantic and elsewhere by the annual isotherms of 10°

and 200 cen-Gigrade. This allows a very extensive habitat; from the coast of

Mauritania to Northumberland.

Temperature also determines the periodical concentrations and principal

migrations. This clupeid requires high temperatures - varying with the strain

for its larval and fry stages and then more moderate temperatures for spawning}

after which it looks for colder waters. Since this process repeats itself after

each sexual maturing,' the sardine tends to move towards colder and colder water

as it grows older.

This is the case ,nth the sardines in the Bay of Biscay. The fry hatch out

in the s.;:uth from winter to spring (10° to 160 ) and remain there until they

reach their first sexual maturing at the end of two years. After spawning,

the fish, now adult, leave these waters, which become warmer with the spring;

they proceed to the coasts of La Vendee and Brittany.

At the end of their third year, during which they spawn again, they seek out

still colder waters to the north. The fry from these northern spawnings spend

the .anter south of the area where they were hatched and return there later,

repeating the process described above.

Their first migration will not, however, bring them to the southernmost

part of the Bay of Biscay in every case. The southern limit of this migration

del'ends on the winter temperature and varies from year to year; it is the

isotherm of 100 to 110 centigrade.

The life cycle of the Moroccan strain is similar but w.i:;';h modifications

w~ich reflect the environmentsl differences. Certain hydrological phenomena

(upwGllings) have the effect of making the northern zone of the Moroccan waters

warmer (20° to 25°), especialJ). '.n summer, than the middle zone, where the

water is from 14
0

to 160
• The sardine I s m~gration is thus "physiologically"

in the same direction as in Europe, that is towards the colder waters, but

geographically it is in the reverse direction, towards the south_
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In the northern sector, the fry hatch o'Ut in winter and spring and go

through their early stages in the warm waters off Casablanca. They mature more

quickly than in EUrope and reproduce themselves at the end of their first year

in the spawning ground in which they were hatched.

At the onset of spring, however, this sector becomes too warm for them,

and they are forced to migrate southwards into waters having a temperature which

now suits them (140 to 16°). A,s the cold of the following winter brings the

temperature in the original spawning area down to the moderate level (18°) that

suits the spawne-:os, they return there for spawning and afterwards leave again

for the cold 1vatel'S of Sari.

An identical sit'l:ation occurs near Agadir, where the warm zone of Ghir

and the coid zone of Ifni have the same effect on the reproduction of sardines

in that region.

Effect of currents

Currents also affect the movements of sardines, which prefer the calm waters

in the lee of headlands. If they are unable to stay there, however, they follow

the current, which sometimes takes them very long distances. This is often

observed in the Bay of Agadir, 'vhere the migrations are speeded up or slowed

down by the combined effect of currents and tE"m..;>erature.

A tagging experiment has shown that sardines can be carr.ied as far as fifty

kilometres in a few days, or even a few hours, either northwards or southwards.

Day and night habits

It is difficult to deduce any general law in regard to these. Two facts do,

howeYl:!r, emerge from regular ultrasonic observation: (1) the sardines often

congregate in large schools at night; (2) subject to thermal conditions tending

to encourage or discourage their rising to the surface, theY usually remain near

the bottom by da~r and near the surface by night.
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Habits in a Confined Environment

The devalqpment of tuna fishing with live bait has led to a study of the

survival of' sardines in tanks. Although these experiments do not exactly

reproduce the natural conditions of life, since they involve a previous

domestication process which alters the reactions of the organisms quite

considerably, they are nevertheless of interest.

Reaction to currents

The first tank experiments failed because the water came in with some

turbidity. As soon as the inflow and outflow of water were rendered

impercE.ptible the results improved considerably. This agrees with marine

observations, which show that the sardine, in contrast with other clupeids,

prefers calm waters.

Reaction to light

Fishing with lamps, as often practiced along the shore, shows clearly that

the sardine is very sensitive to light and has a positive phototropism. In the

tank, this phototropism is very pronounced, and if a light is kept constantly

shining over the tank the sardines stay at the surface, their activity increases

• and they live longer.

Reaction to food

Sardines quickly become accustomed to food different from what they find

in the sea. They are always greedy, and in a few days they develop the habit of

coming to the surface as soon as the "roe" is scattered on it. This is, of

course, well known to fishermen, .,ho broadcast bait to attract the fish.

If these three conditions exist - calm water, light and plenty o~ food 

sardines in captivity can quickly recover from the radical change in their

environment and ~an survive in large numbers in a confined space for over two

weeks.

These data are clearly some.,hat incomplete. They have been obtained partly

by methods ,.,hich can properly be termed scientific and partly from the pure
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J;lractical lore of fishing. To improve our knowledge of the ecology of this

fish, a combination of the two methods is recommended, and the biologist will'

always find it valuable to do more marine research on the actual fishing grounds.

SCME OBSERVATIONS ON THE HABITS OF TEE SARDINE

by

R. Muzinic, Institute of Oceanography, Split, Yugoslavia

The habits of the Mediterranean sardine (Sardina pilchardus Walbaum) have

not thus far been the subject of any systematic research. As far as is known,

there has not even been any study under experimental conditions. That is why

the literature concerning the Mediterranean sardine contains only indirect

information on this clupeid's habits.

In the course of tagging experiments in the eastern Adriatic, there has

been opportunity to make same direct observations on the sardine, especially

the adult sardine. It should be noted that these observations were made solely

for the purpose of the work in hand and are thus of value for guidance only.

Before the observations are described, the conditions in which they were

made must be considered. The preliminary tagging experiment was made in winter

in a wooden tank with partitions, some of which were replaced by metal netting

so that tile water could circulate. During the definitive tagging operations,'

which took place during the fishing season,~ a rectangular tank (four metres

by one metre by one metre) was used, with sides of cotton netting.

The fish to be tagged were selected during l~-fishing expeditions. The

tank was then towed by motorboat to a sheltered spot where the tagging

operations began, usually between 4.00 and 6.00 a.m. The tagged fish were. .
placed in one of the two compartments of the tank or in a separate tank.

The sardines seemed to -tolerate captivity well. The experiment was made

on several occasions Of giving them maize semolina. They swallowed the

semolina, and its presence was afterwards established in their digestive tracts.

The sardines stayed grouped inside the tank, forming a single school.

This was also true of the tagged fish. The only exceptions were injured fish,

which remained apart, usually n.earer the surface. Even when leaVing the tank,

12/ In the eastern Adriati~, ~ardine fishing goes on mainly between April and
October, that is, outside the spawning season.
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the fish still formed a school which did not include those in poor condition.

These " ~ayed in the tank or wandered about near it in a confused manner. The

better the quality of fish, the more the school w'ould be coherent and would tend

to move off in a definite direction. In only one experiment 'vas the regular

movement of the tagged fish upon departure disturbed, and this 'vas due to the

presence of very aggressive predatory species (Lichia sp.) in the immediate

neighbourhood. The alarmed sardines were unwilling to leave the tank, and

~en when driven out of it came back in or remained as close to it as possible.

Hhile in the tank, the sardines moved continuously from one end of the tank

to the other. Their motion was never circular, as is the case with mackerel.

There were no significant variations of temperature while this work was in

progress. The lowest surface temperature, which was recorded towards the er-d

of the operations, at the place where the marking was being carried out, was

17.00 centigrade, and the highest temperature was 25.10
• We were, however, in

l3. position to observe that temperature could have a remarkable effect on the

habits of the sardine. For instance, 'vhen the surface temperature was 22.50 or

over, the tagged fish dived into deep water on leaving i;he tank. It was even

observed that in these conditions the high temperature had a lethal effect on

them. On several occasions a fairly high mortality among the fish before tagging

was noted during the hot months, or, to be more precise, when the surface

temperature was 23.00 or over.13/ The survivors appeared to be limp and had a

strong tendency to lose their scales. Despite all the precautions taken, this

high mortality continued to hinder the work and even forced a suspension of

tagging operations during part of the fishing season, especially as the fish

tagged at such times were being recaptured only rarely or not at all, which

suggested a higher mortality rate after tagging. The number of deaths seemed

to be especially large when the fish had been caught early in the morning. On

two occasions a fairly high mortality was observed even below 23.00 (22.00 and

22.50
), but other factors may also have been cperative . In any case there were

R. Muzinic, IITagging of Sardines (Clupea pilchardus Walbaum) in the Adriatic
in 1950 and 195111

, Acta Adriatica, vol. IV, No. 11 (Split), 1952; and
liResearch on Movements of the Sardine (Sardina pilchardus Walbaum) in the
Eastern Adriatic", General Fisheries Council for the Mediterranean,
Technical Report, No. 3 (Rome, 1954).
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at 20.50 and 21.00 .1 while there were none or very few between

It may be pointed out in this regard that in the eastern

sardine catch seems· to coincide with the highest annual

still some deaths
o 8 017.0 and 1 .5 .

Adriatic a reduced

temperature.

Pending the results of research under experimental conditions an the

effect of tempe)'Fl.ture and temperature changes.1 the temperature factor can be

assumed to be one of the most important affecting the habits of the sardine.

We are unable to say how the habits of the fish are affe,cted by temperatures

lower than those mentioned above. It may be mentioned that the temperature

recorded in winter at the places where sardines were being caught by trawling

from near the bottom ranged from 13.20 to 15.40
0 All the fish caught were in

process of reproduction.

Light must also be included as one of the factors determini~g the sardine's

habits . An attempt to tag fish at night by artificial light showed that the

fish were unwilling to leave the tank even though ~he lamp had been previously

masked. This hypothesis is strengthened by the observation, made in analysing

the stomach content of Adriatic sardines, that the sardine does not feed at

night~4/ and by the fact that artificial light is used in sardine fishing.

It was also observed during our operations that rough seas have a harmful

effect on thj~lupeid.

It seemLJ~,"'erefore, that the habits of the sardine are governed by a

number of factors.1 which ~:·'serve thorough study.

P.EACTIONS OF MACKEREL TO ENVIRONMENTAL FACTORS

by

Aage J.C. Jensen

Danish Institute of Fisheries and Oceanography.1 Charlottenlund

The N0rth Atlantic mackerel (Scomber sco:-nbris) during its spawning.1 which

takes place in surface waters.1 seeks temperatures of 100 to 150 centigrade

14/ T. Vuc'~tic, "nnthe Feeding Cycle of the Adult Sardi:J.e (Clupea pilchardus
- Walbaum)", General Fisheries Council for the Mediterranean.1 Technical

Report, No. 3 (Fame, 1954).
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with the temperature rising, and it spawns therefore in the Mamara Sea about

April and May (H. Lissner), in the Mediterranean from January to March

(E. Sella and O. Giacchi), at the western entrarce to the English Channel and

south of Ireland from March to July, and in the northern North Sea, Skagerrak and

Kattegat, partly also in the Belt Sea, in June and July. It had been thought

by scientists who have investigated the mackerel in the last-named area that it

also favoured a rather narrow range of salinity of between 26 per thousand and

33 per thousand, but in recent years mackerel eggs have been found in considerable

numbers (by I. Fraser) in the Faeroe Channel, where the saliDity is about 35 per

thousand, and 1vhere t:b.ey cannot possibly ha.ve been carried" by the currents. from

areas with lower salinity. Furthermore, off the English Channel in some years

mackerel eggs are found in largest ~uantities where the salinity is about 35 per

thousand (G.P. Farran)~ or even over 35.5 per thousand (J. Furnestin). The stock

west of the British Isles and France may be distinct from that of the North Sea

(as supposed by J. Le Gall), but no racial differences have so far been found

between them.

On the other hand, there is lower salinity spawning limit for mackerel a

little below 20 per thousand. A few mackerel eggs have been found in the western

Baltic floating in water of 16 per thousand salinity, but they may haVE? been

carried there from water of about 20 per thollsand. The eggfl can be fertilized

in these low salinities and larvae can develop, but it is still UI:.certain

whether they can grow up to young fish in these waters (R. Kandler).

It seems that the spawning of the mackerel may be bound also to places wit:

large amounts of such plankton as is fit for the food of the larvae, but this

question requires further investigation.

In the Skagerrak and northernmost Kattegat where the temperature in most

years rises ~uickly to the upper limit for spawning mackerel, it has been shovlD.

(A.C. Johans~n) that the yield of the mackerel fishery or the stock of spawning

fish during the spawning season is least in those years when the temperature of

the \Vater is highest during the spawning months. In such years the water

temperature is generally also higher than normal in the months preceding, and

this connexion can be used for predicting the yield of the mackerel fishery.
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Figure 2 show's the connexion between the mean sea surface temperature in

June and July and the average catch per boat of the Swedish drift net fishery,

which is carried on only for spawning mackerels. Averages were calculated for

nd the period from 1919, when statistics for this fishery were started, to 1945"

After that yaar the catch per boat increased considerably, oiving partly to

changed fishc. ...~.r methods and partly to an increase in the stock on account of

stronger year-classes.

ble Figure 3 shows the connexion between the average surface temperature in

r April, May and June, that is, just before the fishery sta.rts, and when it has

started.

The mackerels of north-vTestern Europe come tc the spawning places from

r about 150 tc? 200 metres depth; most of them coming to the Skagerrak and

~k Kattegat arrive from the North Sea. Although the mackerel is a very strong

E',wimmer, this migration seems to be influenced by currents. The influence of

currents on the distribution of all fish which do not keep strictly to the

bottom is great, because the fish cannot feel the direction of the current and

therefore are transported by it. The stronger the current in the low'er layer,

t'n the higher becomes the yield of the fishery .'.n the Skagerrak and the northern

Kattegat . The strength of the current can be measured by the salinity at

the bottom in the Kattegat, where the saJ.inity is measured each day at

dj.fferent depths at the light vessels. There is a pronounced correlation between

the annual fluctuations of the catch of mackerel during the first months of the

fishery and the bottom salinity when the mackerels arrive. The mackerels cane

to the surface when the surface temperature in spring is at least as high as in

the lower layer, and when an interm~diate colder layer does not prevent them

from lising (A. Dannevig).

The yield of the fishery during the spamring season can be predicted

because the ingoing current is mostly generated as a reaction to the current

of brackish water which flows from the Baltic in the surface layers. The

current can be measurea. by the surface salinity in· the Kattegat - mea.sured at

the light vessels - but it can also be measured by the force of the east-west

component of the wind, ,.hich very much infltYlces the surface current. The

best measure for the wind is the gradic- ~ of (the difference in) baromet:dc

,-,
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pressure on a line at a right angle to the wind direction, 'in this cas"'! by the

pressure in a north-south direction~ The current frcm the North Sea c<./,. :t'ying

the meckerel to the Skagerrak is generated by the current in the surface water

layer. This correlation, which is used also for predicting the yield, is shown

in figure 4.
During recent years the mac} ._s have become more frequent in these waters

and have spread more towards the Baltic auring the spa-vming season. The number

of eggs in the southern North Sea has increased (H.J. Aurich), and a little

spawning takes place now also in the 1vestern Baltic (R. Kandl"er). This change

is due to a great climatic change.

After spawning, the mackerel spreads out over other areas in order to feed.

West of the English Channel they migrate in a coastal direction (J. Furnestin),

and from the Skagerrak and the northern Kattegat most of them go south through

the Kattegat. Also many young mackerels which heve not spawned go this way.

During the summer these keep to the surface, and therefore the quantity of

macterel in the inner Danish water is influeIlced by the wind, which carries the

surface water and the mackerel southwards. Although correlations here can be

proved statistically, they are not generally so pronounced that they can be used

for prediction.

During the summer the quantity of mackerel at the surface, and therefor~

the catch, may also be influenced indirectly by the number of sunshine hours,

as, for example, in the English Channel (E.J. Allen, E.S. Russell).

In the Black Sea, the southern North Sea, the Skagerrak.f Kattegat, Great

Belt and Little Belt, and Baltic, the temperature during the autmnn becomes too

low for the mackerel, which then move away from the colder waters towards deeper

layers. and warmer areas, where they remain until the follo'l\ring spring. Seme fe1'[

may stay behind in the deeper layers of the Baltic and some in the Skagerrak,

but most of the stock migrates to the deeper layers of the northern North Sea.

The migration from the Baltic is the more intensive the lower the temperature

is during the autumn months.

Fluctuations in the strength of the year-classes are also of importance in

annual fluctuations in the densit;y- of the commercial. stock, and this variation

is also used for predictions of the Skagerrak-Kattegat fishery. The North
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Atlantic mackerel is found also on the Atlantic coast of North America, and here

predictions for yield are given exclusively from the strength of the year-classes

and the length-composition of the stock (O.E. Sette). The counexions between the

strengths of the year-classes and environmental factors have not been stated.

RESPONSE OF THE PLAICE TO ENVIROJ.\JMENTAL FACTORS

by

R. Kandler, Professor
Oceanographic Institute, Kiel University

Knowledge abo·~t the response of the plaice to environmental factors is based

almost entirely C~ oQservations made in the sea and only to a small extent on

experiments in aquaria, since the apparatus required for the latter is available

in only a few laboratories.

The influence of the salinity of the water is clear fram the behaviour

of the species in the B.J.ltic, where its propagation and distribution are limited

by decreasing salinity towards the eastern end of the sea. There the pelagic

eggs, owing to their lower specific gravity because of increased absorption of

water in the ovary, are adapted to the lesser buoyancy of the Baltic waters, with

salinity as low as 12 per thousand. In the older larval stagea, a further

reduction of the salt content can be tolerated, so that they can move from the

more saline lower levels of the deeps to the less sal.ine upper levels, where

the species is found in sh'3J.low coastal waters with salinity as low as

7 per thousand. It is enabled to live in these waters by osmotic pressure

regulation, on which experimental investigations have been carried out, which

have made a most important contribution to knowledge of the environmental

adjustment of sea fish. Osmotic pressure' regulation fails when the salinity

is very low (under' 5 :per thousand), when the normal concentration of the blood

serum cannot be ITaintained, and the fish dies, showing symptoms of paralysis

and suff~c:at.ion. In this respect, the North Sea plaice seems to be more

resistant than the Baltic plaice, which lives on the borders of the fOrI!ler's

normal habitat.

Little work has been done on the effec"cs of salinity, of oxygen and carboe

dioxide pressures and of hydrogen-ion concentration on the fertilization and

-102-

deve

peri

deve

plal

size

from

salt

it i

is a

nor

diff

migr

wint

hydr

the

sali

In t

00
c

the

(Ple
'-

clos

do n

plai

mean

law,

so·t

The

diff

bodi

.....
~ .....

Digitized by Dag Hammarskjöld Library



~"

.nd here

'-classes

ween the

,ted.

is based

t on

ailable

our

limited

agic

Dn of

rs, with

r

n the

lich

lty

)lood

jis

carbon....
md

development of plaice eggs. The species has adjusted itself to the greater

perils menacing the progeny in the unfavourable conditions of the Baltic by

developing earlier sexual maturity and higher fertility (figure 5). The Baltic

plaice produces four time!;) as many eggs as the North Sea plaice of the same

size, a consequence of natural selection which is of the greatest importance

from the point of vie,,; of the productivity of the strain.

As the plaice, at spawning time, resorts to the waters with the highest

salt content that it can reach in the surrounding area, it may be assumed that

it is guided in this also by the degree of salinity. But no detailed knowledge

is available on the plaice's capacity to distinguish differences in salinity;

nor has any sensory physiol,ogical research been done on their sensitivity to

differences in temperature, which also play a considerable part in their

migrations to and from the spawning grounds. The plaice, which spawns in

winter, prefers a water temperature of between 40 and 70 centigrade. Abnormal

hydrographic conditions may bring about changes in the spawning grounds or in

the spawning season. For instance, an increased inflow of warmer '-later of high

salinity produces heavier spawning in the south·~astern region of the North Sea.

In the western Baltic, hard winters, with water temperatures in the region of

0
0 centigrade cause an interruption and prolongation of spawning. In such cases,

the spavming season of the plaice coincides in part with that of the flounder

(Pleuronectes fIesus L.) and sometimes large numbers of hybrids of the two

closely related species are produced. These hybrids are capable of' living but

do not reproduce to any great extent.

The influence of the temperature of the water on the rate at which the

plaice eggs develop has been known for a long time, and it is possible by this

means :to detennine the age of eggs found in the sea. According to van' t Hoff' s

law, all other metabolic processes are also quicker at higher temperatures}

so 'that the gro\v-th of the plaice is also very largely dependent on temperature.

The effect of this factor can indeed be seen clearly even when temperature

differences are small, as in the Faeroes-Iceland region, where cold and warm

bodies of water intermingle, the growth of the plaice being quicker 'in the

warmer areas than in the cold. At temperatures of about 1 0 to 20 centigrade,

i,
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Figure 6. Correlation between temperature and
monthly growth of transplanted North Sea plaice
in the SejerO Bay (curve marked S) and the southern
Little Belt (curve marked L). respectively (from
A. J. c. Jensen. 1938)
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Figm:e 7. Association bet"leer. plaice brood
sttengthG and winds from south-west qU;.\drNlt (from
CarrutheB. Lawford and Veley. 1951)
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ann ~n the English Channel at temperatures of less than lO~, growth is arrested,

~hile the optimun is attained at about 13° to 15
0

(figure 6). Acceleration of

growth by raising the temperature is possible only to a certain point, owing t.,

the limited capacity of the plaice, which is a member of the northeru fauna, to

tolerate a wide range of temperatl.U'es:, No reliable informa.tion, based on

observations in aquaria, exists on the minimun temperature at ivhich assimilation

of food is still possible. When the temperature of the water is low, the plaice

shows little activity and young plaice, in particular, burrow deep into the

sand during the winter so that they escape the trawl. The annual variations in

temperature of water in coastal areas gove)'n the appeara..'1.ce of the p2aice there

in the spring, when the water begins to warm up, and their disappearance into

deeper i'Jaters in the summer when the temr erature rises ..ioove the optimum.

Little is known, either, about the influen~8 of light and the activity of

the plaice at differEnt intensities of light. From recent observations in

aquaria, U appears to swim about energetically at night but 1ittle during the

day. Visual stimuli may perhaps have some influence on the movement of the

plaice from deeper to shaJ~ower water and vice versa. OnJ.y the youngest bottom

stages are found in shallow water where they are exposed to bright daylight,

while older fish seek the more subdued light of' the deeper waters. This may

also be a reason for the distribution of plaice ir. depth according to age,

which is of such importance from the fisheries' point of view. As the plaice' grow,

they move off' into deeper i:later. The"JT possibly have a eurybathic sense which

enables them to find the optimm depth for their own size. Sight as well as

touch certainly plays an inrportant part in their sear\.:h for food, as plaice eat

almost exclusively during the day.

The currents in the sea are extrer181y important both with regard to the

passive transport of the fry and to the independent movement of the grown fishes.

Th~ relative positions of spawning grounds and feeding grounds can be· explained

only by the direction of the currents prevailing during the development or the

spawn. Changes in hydrographic conditions and currents due to weather phenomena

have considerable repercussion on the distribution of the fry and ther0fore on

the number of progeny found in the .nursery grounds. A correspondence has been

rated between the size of the ne1-; generation for any year a!1d the winds
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prevailing in the southern part of the North Sea during the pelagic phase of

the plaice I s development (figure 7), but further investigations are necessary

to prove the reliability of these observations. In view of the absence of

constant currents at the time, it seems doubtful whether rheotaxis is

responsible for the movement of the fish to the spawning grounds at the spawning

se'3.son. The migrating fishes are probably instinctively influenced by the sense

stimuli to which they are exposed and accordingly reach an environmel:.t

appropriate to thej r requirements at the time.

The density of the population and the amount of food available have

decisive effects on the rate of growth of the plaice. In the nursery grounds

in the south-eastern par~ of the North Sea, the rate of growth falls when the

brood is large and rises when it is small (figure 8). Accordingly, in years

when there is a large brood the fishes are generally smaller, and when the

brood is small, the fishes are larger. It may, therefore, be advantageous to

"thin out11 young fishes in areas where they congregate in large nmnbers. This

increases the fishery yield, as has been found, for instance, in the Kattegat

and the Baltic. In the Baltic, in particular, this has led to an enormous

acceleration of the rate of growth, llhi~h before was e.h.-tremely slow.

Fluctuations in the availability of the species on which the plaice feed also

influence the rate of gro\vth, which is favoured by the large-scale production

of certain species.

When feeding, the plaice oftp.n shows a preference for certain species.

It has been found that moluscs are preferred in summer-and polychaetes in

winter, which can be plausibly explained by the recently established fact that

adult plaice grow new teeth periodically and that this process takes place in

winter. During this period they avoid eating animals with hard shells. From

the results of experiments carried out in tanks and aquaria, it appears that

the plaice needs a daily intake of 0.01 per cent to 0.02 per cent of its own

weight, in the form of shellfish, for the maintenance of its body weight

(figure 9). The quantity required falls at lower temperatures and as the fish grows

larger. Wh~n there is an abundant supply of food, one-year-old plaice absorb

from 3 per cent to 6 per cent ef their own weight in food daily. \-Jhen

conditions are good, the feeding quotient is as high as 5.8.
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striking symptoms - a tumour-like swelling of the connective tissues,

especially in the fins and tail. Very little is known about infectious diseases

in sea fish. Experiments in aquaria, in which deadly infections with

microspo:ddia and Vibrio anguillarum were used, shOW that in certain

circumstances they may increase the normal mortality.

Apstein, C., 19C9: Die Bestimmung des Alters pelagisch lebender Fischeier.

Mitteilungen des Deutschen Seefischereivereins, vol. 25 (Berlin, 1909).
Aurich, R J., 1941: Die Verbreitung der pelagischen Fischbrut in der

sudlichen Nordsee w~hrend der FrUhjahrsfahrten, 1926-37 der deutschen

Forschungsschiffe "Poseidonli und "Makrele". Helgolander Wissenschaftliche

Meeres Untersuchungen, vol. 2 (Kiel, 1??41).

r:"Sideringthe generally large n_ers of plaice, their only serious

'J 'compe"Citors for food, in addition to a few invertebrates, are those species of

f.. fish which have a similar diet and are equally numerous. The most important

f~ of these is the common dab (Pleuronectes limaLda L.) which is found in large

'4" quantities in the southern part of the North Sea, to the detriment of the plaice.

~, This species is considerably more fertile than the plaice, grows very slowly

':~ .. and is of little economic importance. It is therefore advisable not to set t.oo

;t high a level for the protection of this competitor, to the detriment of the

'4;'.I'<i! more valuable plaice, but on the contrary to keept it down as far as possible

\~,~ by intensive fishing. The plaice has many enemies, which decimate its progeny.
,~If'; ., In the southern part of the North Sea, only about a sixth of the eggs hatch out •
.~
:1. A large proportion of the pelagic eggs and larvae fall a prey to jellyfish,e sagitta and others. The bottom stages and growing fishes are deyoured by
1'1
~~ predatory species such as the cod and turbot. On the other hffi..i, the numbers of

"V • marketable plaice are not substantially reduced by the depredations of the
r<
~"~ .. larger fish of prey.
r

t~{ No evidence is available of serious injury to plaice from parasitic worms
~>1:" and crustaceans. Lymphocystosis, probably caused by a virus, produces some
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Institut fUr Meeresbiologie, Mitteilungen Uber fischereibiologie, No. 1
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International pour l'Exploration de la Mer". Rapports et Proces-Verbaux

des Reunions. vol. 108 (Copenhagen, 1938).

Simpson, A.C., 1951: The Fecundity of the Plaice. Ministry of Agriculture and

Fisheries, Fishery Investigations, Series 2, vol. 17, No. 5 (London, 1951).

, 1953: Some Observations on the Mortality of Fish and the----'
Distribution of Plankton in the Southern North Sea during the Cold '''inter,

1946-47. Conseil Permanent International pour l'Exploration de la Mer,

Journal, vol. 19, No. 2 (Copenhagen, 1953).

T~ning, )i.V., 1929: Investigations in Icelandic '''aters. Conseil P rmanent

International pour l'Exploration de la Mer, Rapports et Proces-Verbaux des

Reunions, vol. 57 (Copenhagen, 1929).
Thursby-Pelham, D.E., 1932: Report on the English Plaice Investiga"c,lons during

the Years 1926-1930. Ministry of Agriculture and Fisheries, Fishery
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RESPONSE OF Stolephorus pseudoheterolobus HARDEJ.\JBERG
TO ENVIRONMENTAL FACTORS

by Tham Ab Kow

Fisheries Division, Singapore

The genus Stolephorus Lacepede is well represented in 'the waters of the

lndo-Australian Archipelago by no less than eight species.15/ In the Straits

'f~... of Singapore four species - Stolephorus pseudoheterolobus Hardenberg,

\ Stolephorus heterolobus Rupp, Stolephorus indicus (von Hasse1t) and Stolephorus

insularis Hardenberg - form a substantial pOltion of the fish catch. Among

these, Stolephorus pseudoheterolobus is by far the most common. The most

~ common type of gear used in Singapore Straits for the exploitation of this genus

is the "kelong", a fixed trap built generally between the three-fathom and

five-fathom 1ines.16/ A smaller modified version of the "kelong" known as the

J.D.F. Hardenberg, "Seme Remarks on the Genus Stolephorus Lacepede in the
Ir.do-Australian Archipelago", Treubia, vol. 14, No. 1 (Bogor /Buitenzorf!.7,
Java, 1932), pp. 299-312. - -

"};;§..! D.li. Le Mare and 'Tham Ab Kmv, "The Kelong Fishing Method", paper prepared
for the Fishery Conference convened by the United Kingdcm Special
Commissioner for South-East Asia at Singapore, 1947 (mimeographed).
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"b1at" and the ordinary beach seine are also used to a much smaller extent to

exploi~ this genua.

The fishermen in Singapore straits are a"rare that Stolephorus

pseudoheterolobus may, generally speaking, be expected in their catch during

certain months of the year and that the quantity of catch of this species varies

from year to year. They believe that these :phenomena are the result of varying

conditions of sea water and weather, inc1ud.ing wind and rainfall. They believe

that certain currents and wind conditions are responsible f'or good catches, that

poor catches are due to the water being too cool or too turbid and that failure

of the fish to appear altogether at the proper season is due to unfavourable

wind conditions.

It was decided that these observations of the fishermen should be tested

on a quantitative basis by meane normally at the disposal of the fisheries'

scientist a:r:d that, at the same time, data should be obtained with a view to

elaborating a more precise basis for prediction. The kelong, which is operated

daily throughout the year in all conditions of weather and is responsible for

the bulk of the catch of Stolephorus pseudohetero10bus in Singapore Straits,

appears to be the ideal gear to use to assess the level of availability of

tilis species in Singapore Straits at anyone time. Moreover, Singapore Straits

by its geogr.aphical position is sufficiently protected. to enable observations on

the physical, chemical and biological factors of the environment to be carried

out throughout the year in all conditions of weather. An investigation was

therefore started in Singapore Straits during which a qualitative and rough

quantitative stUdy was made of the fOOd~l/of Stolephorus pseudoheterolobus, and

observations on temperature and quantitative determinations of salinity,

phytop1ankton and zoop1ankton were made, at fortnightly intervals throughout

two full years .18/ At the same time daily observations on raiui'al1, wind

direction and wind force were made available for this study by the Malaya

Meteorological Service and daily records of catches of Sto1ephorus

pseudoheterolobu8 and other species were kept.

17/ Tham .Ah Kow, "The Food and Feeding Relationships of the Fishes of Singapore
straits", Colonial Office, Fisheries Publications, vol. 1, No. 1 (London 1950) •....
Tham Ab Kow, "A Preliminary study of the Physical, Chemical and Biological
Characteristics of Singapore Straits", Colonial Office, Fisheries
Publications, vol. 1, No. 4 (London, 1953).
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It was found that Stolephorus pseudoheteroJ.obus feel mainly on diatoms and

cqpepods. However, it was also found that this species, in turn, served 8S the

food of the Spanish mackereJ, three species of which - Scomberomorus commerson

Lacepede, Scomoeromorus guttatus Schneider aI:.d Sconii..~romorus lineolatus Cuvier 

are commonly found in Singapore Straits. The results of the investigation

indicated, aIr.ong other things, the following relationshi];'S between Stolephorus

pseudoheterolob!:1! and the various factors of the enviroment:

Within tbe limits of the physical and chemical environment
obtaining in Singapore Straits during the two years (1948 and
1949) of the investigation, that is, a range of 270 to 30.50

centigrade for te!!l];lerature of sea water and 28.47 to 31.87 per
thousand for salinity,

(a) Food availability appeared to be a dominant factor in
determining tbe level of maximum. availability of tbis species.
When19ver this species was abundant in the catches, it was
invariably found that either dj.atoms or copepods or both were
abundant.

(b) Temperature and salinity did not appear to bave a:ny effect
on the availability.

(c) Exceptionally heavy and continued rainfall appeared to
affect catches and, since decreased salinity due to beavy rainfall
did not affect them, the high turbidity resulting from the heavy
drainage from land would appear to be an adverse environmental
factor for Stolephorus pseudoheterolobus.

(d) In the absence of heavy continued rainfall, high wind
force under certain circumstances would appear to be a favourable
environmental factor in the aggregation of Stolephorus pseudoheterolobus
in Singapore Straits. When the west wind has been blowing strongly
for more than two days and there has been no beavy rainfall, it is
almost certa.in that there will be glut catches for the kelongs
situated in the western portion of Singapore Straits. In the
eastern portion of Singapore Straits, when there are strong north-east,
east and south-east winds with no heavy continued rainfaJ.1 along
the east coast of Malaya and Singapore, heavy catches of this
species may be expected from the kelongs situated there. These
phenomena indicate clearly the role wbich wind force plays in the
aggregation of surface living species such as Sto~ephorus pseudo
heterolobus in regions where the currents are mainly monsoon
currents.
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( e) It was observed that 1'1hen heavy catches of Sccmberomorus spp.
were made, Stolephorus pseudoheterolobus uas also abundant. Since
Stolephorus pseudoheterolobus forms the main food of these species
in Singapore Straits, it would appear that 'the presence of
Stolephorus pseudoheterolobus in Singapore Straits 1'1aS one of the
factors which induced the aggregation of the Scombercmorus species.

These ecological relationships were tested and found to be statistically

significant. It would appear, therefore, that with a sustained study of

environmental factors over a period of years sufficient data could be accumulated

to render the formulation of a basis for prediction of fish availability a

distinct possibility.

OBSERVATIONS ON ~ HABITS OF THE PE.4RL OYSTER (Pinctada margaritifera L.)
IN RELATION TO ITS ENVIROl\1MENT

by Gilbert Ranson. ~ .Sc.
Assistant Laboratory Director, National Museum of

Natural History, Paris

This species of lamellibranch mollusc is distributed throughout the

lndo-Pacific coral zone. Although individual specimens are as a rule fairly

l'lidely separa.ted, in the lagoons of the Tuamotu Archipelago they occur in

quite large nunbers in a limited area, as is shmm by the fact that divers

can harvest as much as 100 tons of shell in three months in one-third of the

lagoon of Hikuoru Island alone. Lagoons are accordingly well suited for the

propagation of oysters. The larvae live in the lagoons throughout their

planktonic life and are brought outside only by accident. They attach

themselves in large numbers to the natural objects to be found in the lagoons.

What conditions are neces8ary for the grol'~h and reproduction of this species

of pearl oyster?

For its growth it requires suitable salinity, temperature and food.

These conditions are apparently present in most of the lagoons, since in three

years the oyster attains the marketable size of thirteen centimetres or over,

a fact which indicates a fairly high rate of shell secret,ion. The 1"rater density

is normally 1.025, a:r:.d the temperature range is apprOXimately frcm 250 to 300

centigrade. The oyster's main food, plankton, is especially abundant in summer
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. when all marinE. organisms are reproducing themselves. In the Take-poto lagoon

the water density is 1.030 and the temperature from 250 to 300
• The pee,rl

oyster, though in good physical condition, does not grow a very large shell and

in three years does nut exceed eight centimetres.

There can be no doubt that the salinity ':1f the water plays an il:nportant

part in the development of the egg and the growth of the adult oyster> The

dwarfed character of the pearl oysters in the Tak3.poto lagoon is due to the

high salinity of the water. The lagoon has only slight communication "With the

ocean as it is almost completely surrounded by the island. Plankton is less

plentiful there.

In water up to fifteen metres in· depth the oyster grows slowly, t.he shell

remains short and thickens, and the organism is in poor physi?al condition.

It is most often in this zone and in such individual specimens that pearls

are found. High temperature, excessive light, .high salinity ar...d lack of

sufficient foed are the probable causes of this deficiency.

At depths between fifteen and forty-five metres growth is normal. The

organism is in good physical condition and secretes a mother~of-pearl of good

quality.

The pearl oyster reproduces between October. and February in the Southern

Hemisphere. The genital glax:ds develop from October onwards, and spawning takes

place in December, January ard February. The water temperature then reaches

about 300
• An astronomical quantity (some billions) of ova and spermatozoids are

ejected by the females and males. They fall to the bottom and are moved about

by the currents. The ova are quickly fertilized. Within twenty-four hours a

properly formed ovum (only half or three-quarters of the ova are properly formed)

turn's into a ciliated larva. The larva can move vertically for short distances

and remains close to the surface. It is unable, however, to resist the

slightest current that it encounters. It is food for all other animal organisms.

If they are to develop properly, the surviving larvae must have favourable

temperature conditions (300
) erd, as they have very narrow stomata, must have

access to a plentiful foed supply· in the f'onn of very small. microscopic algae

or protozoans. For twenty-one to twenty-five days, drifting at the mercy of

the currents, the larva grows and undergoes anatomical transformations ending

witil a complete internal metamorphosis. It then falls to the bottom and secretes
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a new shell. If it finds a suitable support to which it can adhere, it continues

to live; otherwise it dies or falls prey to the innumerable enemies lurking at

the bottom. Large numbers perish in this way, and in addition the winds and

currents will already have cast up large quantities on to the shore to die.

To attach themselves, hmvever, the larvae need stones or shells. Sand

is fatal to them. The stones and shells must be clean and be free of animal

life. A stone covered with living corals or various organisms cannot be used

as a support, as the byssus filar:J.ents cannot adhere to them. In the course of

time the sea deposits sand in the lagoon. As the thickness and surface area of

the sand increase, the lagoon gradually becomes shallower. Shallow lagoons

are the first to be !'Lffected. At the bottom of the others are to be found areas

of saed among rocks of varying size. If there is a clam shell or a pebble

(such as a piece of dead coral) lying on an area of sand, a pearl oyster will

almost always be found adhering to it. The cyclone of 1906, which devastated

some of the islands, uprooted many trees and set them down in the bottoms of

the lagoons. These trees served as supports or collectors and quickly became

covered with pearl oysters.

At present the oysters are mainly attached to rocks which have not been

silted up in the lagoon bottoms. As these rocks, however, are becoming

progressively covered with various kinds of animal matter, there are not many

free spaces left.

Once they have attached themselves, the young oysters have to face many

new enemies, such as fish, crustaceans, molluscs, echinoderms and others. Very

many oysters will perish and very few reach maturity. Out of each' million ova

laid, it maybe said that only between one and ten will carry on the species.

ThUS, female oysters are required in great numbers to ensure the continuance

of the species in a given place. When the reproductive stock falls below a

certain point, it can be taken as certain that sooner or later the population

will become totally extinct. That is the critical factor for the prosperity of

a lagoon. Tens of thousands of spawners concentrated in a relatively small

area are required to secure the continuance of the.species.

Excessive pearlir:.g inevitably results in a dangerous diminution of the

stock. The male and female oysters which have escaped the divers are often

at long distances from each other, which makes it difficult to fertilize the ova.
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The larvae, dispersed by the currents, adhere wherever they can, even in

places where the adults are to vegetate for the remainder of their existence.

The adult can resist severe condition~, such as excessive heat and light, but

only individuals 11ving under very favourable conditions can produce viable

offspring, because their ova are properly formed. The areas where these

conditions are fulfilled may be regarded as the cradle of the race, and in the

case of the pearl oyster of Oceania, the great lagoon bottoms constitute such

areas.

TEE ARCTIC COD

by

Gunner Rollefsen
Institute of Oceanographic Research, Bergen

In February each year enormous shoals of spawning cod appear on the

northen coast of Norway and give rise to the famous Lofoten Fishery. This

fishery lasts for a few months only until the cod disappears after the completed

spawning. From historic sources it is known that the fishery, although

fluctuating, rrust have existed fer reorettnn a thcusand years. As it is of

fundan::eotal importance for Norway, it has been ;regulated for centuries.

Scientific investigations of the Lofoten cod and its environments l'1ere'

started about a hundred years ago. Such investigations have revealed the main

features of the biology of the Arctic cod.

The "home" of the Arctic cod is the vast areas of the Barents Sea, where

both the old and the young fish spend most of the year feeding. But in October

and November each year ever increasing numbers of the sexually mature cod start

moving southwards on their annual migration to the spawning grounds off the

Norwegian coast. During this migration the cod can be found at depths of 200

to 400 metres, following the continental shelf along the coast. On their way

the fish shoals have to cross several submarine' valleys, which may divert

some of the cod. But most of the shoals penetrate southwards to the great

submarine valley in the continental shelf outside the \-lestfjord. They enter

the Westfjord and congregate on the spawning banks on the landward side of

the Lofoten Islands. For a cO~'l?le of weeks the cod remains here while the roe
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and the milt ripen and attain the spawning stage. Hhen the spa'tming has been

accomplished the cod starts the return migration to the feeding areas of the

Barents Sea.

The distance frcm the central part of the Barents Sea to the Lofoten

Banks amounts to about 800 nautical miles. This means that the "average" cod

has to cover 1,600 nautical mile~ each year in order to deposit its pelagic

eggs in one particular area on the Norwegian coast. It is not known why this

enormous effort is demanded of spawning cod. It can only be assumed that

migration to this locality is a necessary measure arranged by nature in order

to ensure successful propagation. Nor is much known about hovT the fish is

able to find its way,to the spawning banks. It must be assumed that this is an

hereditary ability, which, however, according to our observations seems to be

connected with temperature differences in the sea.

In respect of the hydrcg~aphical conditions of the waters in which the

Arctic cod lives and migrates, it may be stated that the Barents Sea is a

shallow part of the North Polar Sea, where in north Arctic waters temperatures

below 0
0

centigrade prevail, while in the sou'ch there is relatively wa~ vTater

of Atlantic origin. As is indicated later, the pronounced temperature

gradients found here have a decisive influence on the distribution of the fish,

which on the whole seek to avoid the cold Arctic water.

The first southward part of the spawning migration takes place towards

increasing temperature. For the actual spawning process the cod seem to prefer

temperatures around 60
to 70

centigrade. A closer study of the behaviour of

the cod on the spawning banks demonstrates the clear correlation which here

exists betvTeen the temperature distribution of the sea and the occurrence of

the cod.

In a hydrographical cross-section of the Hestfjord in winter it is found

that the 'warmest wat~~r is located in the deepest layers. This water is of

Atlantic origin and is heavy due to its high salinity. On top is a layer of

cold coastal low salinity water. The stratj.fication of the two types of water

is very pronounced. BetvTeen them an intermediate layer is formed through

mixing. Here the temperature increases rapidly from 3° to 60 (the thermocline).:.

I

I

: :

......

1
_______-11_6- 1.

",

Digitized by Dag Hammarskjöld Library



:

~s been

)f the

;en

~e" cod

.agic

ly this

tat

L order

Lis

lis is an

I to be

L the

la

1ratures

'In water

,he fish,

rards

,0 prefer

lur of

here

lce of

found

of

'er of

If water

.gh

mocline).....

I

I

The cod arrives in the Westfjord in the warm water below the intermediate

layer and maj.nly close to the bottom. As the fish aggregate, large continuous

shoals are formed in the intermediate layer, stretching out horizontally for

several nautical rrAles sometimes. Here the shoals will remain until after the

spawning" Heavy storms may sometimes disturb the stratification of the 'tvater

and push the cold water towards the bottom. In such cases the cod has been

found to ~dthdraw until normal conditions are again established.

It thus seems obvious that the temperature bas a direct effect upon the

behaviour of the cod. This is furthermore sustained by observations of

annual variations in various qualities of the intermediate layer and

corresponding variations in the behaviour of the fish. ThUS, the layer

preferred by the cod may in some seasons be quite narrow, resulting in a narrow

vertical dis:tribution of the shoals. In other seasons the intermed~atelayer

may be thicker, allowing much thicker formations of cod. The critical layer

may also be found at greatly different depths in the various seasons with

corresponding variations in the vertical occurrence of the cod.

These variations in the qualities of the "fish-carrying" layer are

accordingly of very great importance for the practical fishery. Certain

condition.s will favour the fishery by making the fish easier to catch, while

others will impede fishing activity.

While the cod is very $ensitive to temperature in spawning, th~ temperature

limits between which it may. thrive and grow in the vegetative stage of its life

are much greater. Nevertheless, the extreme conditions of the Bdrents Sea

demonstrate clearly the temperature depen",ence of the cod. The minimum

temperature tolerated by it probably lies around minus 1
0 centig-·· 'l.de.

Occ~sionally profitable catches may be tween in temperatures below zero, but

generally temperatUl"F:s below 2
0 seem to be unfavourable to it and seldom allow

large concentratj.ons of fish. Such concentrations can, however" often be

found in temperatures of 20 to 40 in areas where the Atlantic and the Arctic

water converge, and where accordingly the bottom temperature gradients are well

defined. Seasonal and other variations i·n the temperature of parts of the

Barents Sea will thus have a most direct influence on the occurrence of the fish,

and observations of this temperature are of prime importance for the fishery .
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A STATEMENT ON TEE ECOLOGY OF TUNAS

by

William F. Royce
Pacific Fishery Investigations, Honolulu

Tunas are unique among the important food fishes of the world in that th0Y

are truly oceanic fishes, which live, spawn, and die on the high seas without

regard to the nearness of land. Thus, they differ from the herrings, cod-like

fishes, flatfishes, salmon,- ad even the closely related mackerel, all of 't-lhicb.

inhabit waters over er near continental shelves.

Six groups of tuna species comprise the major tuna fisheries of the 'Hrrlc, >

These are: (1) the b].uefin tunas of the genus Thunnus, for which thert: arE"

major19/fisherie. in the Mediterranean, north-eastern Atlanl.ic, ea.I'ter:1 and

western Pacificj (2) the ye110wlin tunas of the genus NeotL ~.1 'tor 'w; ich

there are major fisheries over much of the tropical Pacificj (3) the bigeye

tunas of the genus Parathunnus, which are fished extensively only in '\;hc vlcs'cern

Pacificj (4) the alba-core of the genus Genua, caught in major qUaDt;ities on both

sides of the north Pacific and in the north-eastern Atlantic, and more recently

in the tropical Pacificj (5) the skipjack of the genus Katsuwonus, taken in

greatest quantities in the eastern and 't-Testern Pacific j and lastly (6) the

bonito of the genus Sarda, important in the Mediterranean and in the south

eastern Pacific. In addition to these established fisheries others are rapidly

developing, especially it the Indian Ccean, south-eastern Atlantic, and south

western Pacific.

Despite the present and potential importance of the tunas, very little is

known of their biology. Intensive studies of their habits have only recently

begun. Furthermore, it has been found difficult to domesticate and study them

in captivity. Consequently, it is not possible to find generalizations which

apply certainly to all species but only to point O'Ll.-t facts ascertained for

certain species which may be thought to apply generally.

19/ Here defined as a recorded catch of 'more than 10,000 tons in any year
sinee 1930.
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loI.UJ.loe LU:J.liura.u.y 'tinese J:J.snes are oes't mown nom 'the 'experiel..e of the

coastal fisheries, which of course always fi,sh the neoo.'est available stocks,

and therefore records of occurrence of tunas h, .'8 come mostly from tho coasts

of the ~ontinents or the vicinity of. islands. However, the explorations by

Japan during the past two decades and the more recent explorations of the

United states show clearly that yellowfin, bigeye, skipjack and albacore oc<:ur

0ver an immense area of the tropical, subtropical and some of the temper.ate

Pacific Ocean. These researches, together with previous records of occurrence,

suggest that one or more of the species can be found almost anywhere in the

Pacific between 40° north and 400 south latitude, and indeed some of them may

at times extend polewBX'd from these limits.

Within this vast area these tunas are not, of course, uniformly distributed.

The yellowfin.and skipjack tuna have been found in.greatest abundance near the

equator and in the warm Kuroshio current, whereas the bigeye tuna and the

albacore prefer the slightly cooler waters of more temperate latitudes. The

bluefin also like the cooler waters but are abundant only nea:L" the coasts of

the continents.

The broad range over which many of the tunas a.re found and special studies

of Japanese scientists suggest that all species tolerat", a considerable range

of water temperatures., The skipjack has been reported from 150 to 320 centigrade,

albacore from 140 to 32
0

and bluefin from 50 to '290 ; however-., in specific areas,

as for example off the coasts of Japan and Australia, a species may be found

within very narrow temperature limits and may appear to follC'w a temperature

zone which advances poleward and then retreats with the seasons.

The rate of growth of these large, very active, and rapidly swimming fishes

is g~nerally high. Studies of skip jack suggest that they.'each the common

commercial si:~e of three to ten kilogrammes in one to three years, whereas the

yellowfin reaches the common commercial sizes of twenty to eighty kilogrammes

in from two to five years. Bluefin have been reported to grow J>1ore slowly.

Little is knovm. of the growth rates of the other species and indeed, even the

methods of determining age are not thoroughly proved.
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All of these species of tunas are voraci"us and eat a great variety of

fish, cephalopods and crustaceans, some of which they apparently catch as deep

as 100 fathoms. Quite surprisingly, even large tunas occasionally feed on tiny

crustacean:::, but on the other hand they will gorge themselves on fish up to

half their own length when they can.

Almost nothing is known of the migration t"If the tunas because these active

animals are ~{tremely difficult to catch, tag and releaE'<:l without injury.

However, the small amount of tagging which has been done off the western coast

of the Americas by scientists from California has provided an example of the

most remarltable migration known among fishes. .An albacore tagged off' the

coast of California yas recaptured about a y~ar later off the coast of Japan,

more than 5,000 miles .distant from the point of release. Others tagged close

to the American coast were recaptured in the middle of the north Pacific, about

midway between the United states and Japan. For the bluef'in gr_oup, the

summer fishing seasons on both sides of the north Atlantic and Pacific and in

the Mediterranean suggest a definite seasonal migration. Too little is known

of the other species to make any general comnents.

The spawning adults of yellowf'in, bigeye and skipjack have been found over

enormous areas of the Pacific and throughout a great portion of the year. In

addition, the helpless eggs and larvae of the tunas may be 'caught in fine mesh

plankton nets over an immense area of the ocean. On the other hand, the bluefin

apparently seek particular spawning ,?,reas at certain seasons, as in the

Mediterranean.

A close relationship of tuna fisheries and ocean current boundaries has

been noted in several areas. However, the common factor in the occurrence of

most tunas appears to be the total quantity of food, which in turn depends

primarily on the nutrients of the surface layer of the ocean. These must come

from rivers or from water upwelled from the rich depths of the ocean.

Enrichment from such upwelling occurs along the equator, where currents impinge

on land, and in the great eddies or gYres of the ocean. Then, too, concentrations

of tuna foed without an increase in nutrients may occur between converging

currents, where surface waters sink and leave behind the food animals.
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This rnowledge concerning tunl'3.S suggests that here is a group which may

comprise ultimately the most important food fishery in the world. Already they

are known to be distributed in commercially important quantities over a greater

area of the oceans than any other group of food fishes. Further studies of the

basic biology of each stock of each species will show how much tuna can be made

available to feed the people of the world.
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TEE CONSERVATION OF BIOLOGICAL RESOURCES IN COASTAL WATERS

by

Gerard Belloc, Assistant Director
Musee Oceanographique de Monaco, Monte Carlo

(The mimeographed text of this paper appeared in French as
document A/CONF.IO/L.12 u..'1der the title "La conservation

des ressources biologiques dans la zone littorale")

As long ago as 1921, in a paper which remainea unpublished for some time

until, through the good offices of Commandant Rouch, Director of the Musee

Oceanographique, it appeared in the Bulletin des Amis du Musee Oceanographique,

Price Albert I of Mo~aco drew attention to the urgent necessity of holding a

meeting such as the international technical conference we are now attending.

!!The protection of maritime fisheries," wrote the Prince, "raises very serious

questions, for they sustain, directly or indirectly, a large part of the human

race."

"The destruction which overfishing is bound to C?I.'S::: among sedentary
species has long been a matter of concern; attempts have been made to remedy
the situation by the regulation of fishing methods and especially by efforts
to protect undersized creatures. However, the rise in fishing abuses in
most of Europe's seas, difficulties in enforcing certain restrictions and
the failure to punish offenders will surely lead to a most serious crisis in
the fishing industry unless steps are taken in good time to adopt an
international convention having as its object a wiser and stricter
organization of the exploitation of so importaI!t a food resource.

"No time should be lost in introducing certain rigorous laws and strict
penalties based on an international agreement, for the marine world knows no
boundaries other than those formed by currents, temperature, the nature of
the waters and the bottom of the sea. Its inhabitants are subject only to
certain physiological conditions; they are seriously affected only by
powerful influences such as mighty geological phenomena which cause some
disturbance in those conditions, or else by the actions of man, who with the
ever-growing efficiency of his equipment, eventually exhausts the most
productive sources of his wealth.

"':Lhat is why the riches of Europe's seas are beginning to show signs
that they are not inexhaustible ang, we shall have proof before long that
only oceanography can teach us how "to go about the cultivation of the marine
world, where, by virtue of a biological heredity which is stronger than all
of life's others forces, man's chief food grows."
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In that paper, which may be said to have been his last scientific work,

Prince Albert I, pioneer in so many fields, t.ouched on most of the questions

with which this Conference is concerned.

He emphasized the importance of plankton, the basic food of marine animals,

since creatures that do not actually consume it themselves eat those that do.

He recommended the study of plankton, of its density and distribution, so

essential for a knowledge of the life history of migratory fish.

He protested against the mass destruction of immature fish all along the

Mediterranean coast, "where fishermen catch the smallest fry sheltering in the

under-water vegetation". He drew attention to the progressive ·irr.p::>verishment

resulting from such practices and to the increasing dissatisfaction of fishermen

with their occupation, which they themselves had ruined, and he deplored the

ineffectiveness of penal measures that are not seriously enforced.

Unfortunately, this destruction of young fish is not confined to the coasts

of France and Monaco. In June 1947, I pointed out in my Rapport sur lapeche

en Grece the pressing need for action against this deplorable and far too

widespread practice, encountered along all the shores of the Mediterranean. I

have also found the same thing in the Caribbean and along the west African coast,

where, if the tiny fish are not sold, they are left lying on the beach to' be

devoured by scavengers. Most of these fish are' of species which grow to a large

size fairly rapidly and which could therefore be of considerable nutritional and

economic value.

Accordingly, we should have an international convention which would prevent

the catching of fish below marketable size; the regulations would have to be

firmly applied, and would include rigorous measures to prohibit the sale of such

fish, to supervise fishing grounds, to inspect gear and to establish preserves

where fishing would be forbidden.

Minimum marketable size

This term means the size which a fish has to reach in order to reproduce

itself at least once. We hope t9 be able sh.ortly, on the basis of observations

along the coasts of North Africa, France, Greece, Monaco, Turkey and the Gulf of

Genoa, to indicate what this size would be for most of the edible species in the
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Mediterranean. It is already known that, with the exception of tunny, some rays

and certl::tin kinds of dogfish, fish grow very slowly in the Mediterranean, where

at any given age they are smaller than in the Atlantic.

If the sale of fish below marketable size is strictly prohibited, the

fishermen, no longer able to dispose of them, will throw them back into the sea

at once and, what is more, discontinue fishing in areas where the average size

is below the legal limit.

Fishing methods and gear

Certain practices should be strictly prohibited: the use of stupefying

mHterials, lime, coppe~ sulphate, dynamite and saw-toothed dragnets.

Other coastal fishing practices, often criticized and even prohibited in

certain places, are not as harmful as they are thought to be; fishing by

torchlight, for example, is practiced only with very small craft in exceptionally

calm weather on moonless nights and is therefore of very limited scope. In any

case, the fish brought in are rather large. The same is true of deep-sea

searchlight fishing when practised with revolving nets of suitable mesh size and

confined to migratory species.

On the other hand, fishing for poutine (whitebait) is, as F. de la Tourrasse

points out in his Observations sur la poutine de sardine dans la r~gion de Monaco,

a real heresy from the economic point of view. It is permitted from Nice to

the Italian border, apparently becausp. it is 2110wed at Ventimiglia and beyond.

It is responsible for the destruction of billions of sardines and anchovies as

small fry, with the result that now fishermen seldom encounter the full-grown fish

in the waters of the Principality of Monaco, and most of the sardines marketed

in Monaco are caught far from the coast, where fishing for poutine is prohibited.

Fishing for poutine rose (pink whitebait) is not harmful because it is confined

almost exclusively to Aphya, which, in spite of their tiny size, are full grown.

Meshes of fishing nets

In fishing with dragnets, the dragging exercises a pUll on the- diagonal

of the meshes, which sooner or later either close completely or, at best, are

so reduced in size asto retain only a small part of their straining capacity,
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~articularlywhen the nets are used in shallow water or inshore over under-water

vegetation, or even in deep-sea fishing if thereis soft and sticky mud on the

bottom, as is so often the case in the Mediterranean.

Again and again improvident fishery people have been reluctant to admit

this fact, and the terms of the London convention, to which a dozen European

states are parties, are not always observed. However, it has been found that

small fish can escape from nets which have sufficiently large meshes provided

that the cod-end of the trawl is not soon filled with algae or kelp and the mud

is not too sticky.

Experiments with a "trouser net", one "leg" of which had meshes of thirty

seven square millimetres, and the other meshes half as large, showed that small

fish were able to pass through the leg with the larger meshes, whereas a large

number were caught by the other. Some will say that those which escaped suffered

serious shock and cannot have sU1';'vived. I do not share that view. Abroad the

"George Bligh", I have taken live hake found in a regulation English trawl

between the cod-end and its cover of small mesh netting, kept them in a tank on the

trawler after puncturing their swim bladders, banded them, measured them and

returned them to the sea. Nine months later, one of them (which had measured

twenty-eight centimetres when first caught) was caught again, and its growth for

the period had been qUite normal.

The closing of the meshes of dragnets is due to the pull exercised along

the diagonal. Would it not be possible, by special weaving or mounting,to

produce meshes less likely to lose their shape when the net is dragged and then

make the use of such netting compulsory, at least in the cod-end of trawls?

Prot:ction of certain coastal waters (isolation zones)

Most species of fish, except for rays, certain kinds of dogfish and small

C"oastal species like gobies, do not lay their eggs on the bottom. Their eggs are

pelagic; as soon as they are laid, they rise towards the surface and it is near

the surface that they ha.tch. Consequently, the danger of egg destruction. from

trawling devices is sometimes needlessly exaggerated, and the term "spawning

ground" is very often misused to designate the places on the bottom, inshore,

where the fry live after completing the pelagic phase of their eXistence. The
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English word "nursery" is much more accurate and thes aurseries, which quite

often consist of under-water vegetation, should be protected.

Many species of fish come close to the shore to lay theil ogs; they could

be protected very effectively by the establishment of suitably selected coastal

isolation zones, or by the introduction of closed seasons in certain areas.

Educating the fisherman

Fishermen would be more inclined to accept and observe regulations if they

understood their purpose. In addition to their research work, the biologists of

fishery institutes also have a duty to enlighten fishermen. They should have

direct contacts with fishermen to make them realize the dangers of some of their

practices and of the use of fishing devices and methods which are responsible

for the already alarming impoverishment of the waters and which will eventually

depopulate the sea. The fishermen will then be more inclined to accept

regulation, and will even themselves request it.

ThUS, sensible men in some areas prohibit fishing methods that are considered

harmful. Before the war, the fishermen of Les Sables d'Olonne realized that

the facts brought to their attention by experts of the Fisheries Office were·true,

and asked the Minister of Merchant Shipping to establish a coastal isolation

zone - to which they had previously been opposed - in order to protect the

reproduction of soles and cetaceans, which they had found increasingly scarce.

Never was such a regulation better observed, for the fishermen themselves

enforced it.

The protective measures that are necessary will, of course, have to be

determined in the light of information provided by biological qceanography.

Studies relating more specifically to fishery, stocking and seasonal variations

are in progress in Monaco, where His Xighness Prince Rainier III has long been

giving his. attention to this problem of the destruction of coastal fauna. These

studies have been the subject of communications to the General Fisheries Council

for the Mediterranean and to the International Commission for the Scientific

Exploration of the Mediterranean Sea.

-126-

(a)

of

qua

bie

uti

ste

que

vee

qua

OCE

11"\

prc

one

wor

que

det

coe

ch~

on

fO!

the

Digitized by Dag Hammarskjöld Library



mld

;tal

;hey

;s of'

re

;heir

.e

llly

I
,idered

,-true,

e.

ons

en

hese

ncil

BIOLOGICAL APPRAISAL OF THE OCEAN, .AND THE
PROBLElIl OF TRANSOCEANIC ACCLIMATIZATION

by

LE'7 Zenkevich, Chairman
Department of Invertebrate Zoology, Moscow University

(The mimeographed text of this paper appeared as
document A/CONF.10/L.15; original in Russian)

To control the use of the resources of any body of water it is necessary:

(a) to record the composition, quantitative distribution·and movements of stocks

of the organisms concerned; Cb) to ascertain to what extent the qualitative and

quantitative distribution is "dependent, both statically and dynamically, on the

biotic and abiotic factors of the environment; (c) to develop fishing and

utilization techniques; (d) to take steps to conserve resources; and (e) to take

steps to expand and improve primary resources. This paper is concerned with some

questions bearing on aspects (a), Cb) and (c). Rational use of the animal and

vegetable resources of the ocean must be based on biological appraisal, both

qualitative and quantitative, of the inhabitants of the pelagic zone and of the

ocean floor.

The fundamental elements of biological app~aisal are the occurrence of these

living species in the mass, their quantitative distribution and degree of

productiveness. The concentration of commercially useful organisms is merely

one aspect of the general picture of the distribution of liVing organisms in the

world's waters.

Living organisms in the ocean are distributed very unevenly, both

qualitatively and quantitatively. This unevenness is the result of three main

determining elements: (a) latitudinal distribution; (b) distance from the

coast; and (c) the horizontal end vertical flow of ocean water masses, which

changes the latitudinal distribution.

A quantitative appreciation of the distribution of pelagic life, based

on thePontosphaera huxleyi, was first made fifty-three years ago by H. Lomann

fur the Atlantic Ocean (figure 10). In 1929, Lomann I s map was corrected for all

the plankton by E. Hentschel (figure 11). Unfortunately, these maps were
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Figure 10. Map showing quantitative distribution of
Coccolithophorid (!>ontosphaera huxleyi) in the Atlantic Ocean

(after H. 'Lomann)
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, constructed on the basis of the number of specimens ~nd not the average weignt

of living matter, so ~hat they are not easily comparable with data obtained for

other regions of the oce2n and for other organisms. However, even such maps

as these are not yet available for the Pacific Ocean.

The first estimates of the quantitative distribution of marine benthos

were made by Danish investigators almost half a century ago (C.G.J. P.etersen,

H. Blegvad, R. Sparck, G. Thorson a~dothers) but only for limited areas of the

ocean. These scientists showed that the various species of fish did not use all

the fauna of the sea floor, and that the fauna should be classified as those that

served as food and those that did not. Hence, no simple relationsmp should be

looked for between phytoplankton and zooplankton or between zoobenthos and fish;

these interrelationships are vastly more complicated.

The variations, according to latitude, of the quantitative distribution of

pelagic organisms are shown in figure 12. The zones, from the poorer sUb-polar

regions towards the equator, first increase in productiveness but then yield

exceptionally low average weights of living matter in the oceanic regions of lQW

salinity. Not until the line of' junction of the equatorial current and counter

current is reached does the average weight of living matter increase slightly.

Significant qualitative changes are also observable over the seme alea as,
indicated by the following figures giving the number of species of green, brown

and red seaweed, and of animals, in various ocean latitudes (afterScl:JJ.polTa):

'The number of species of macrophj~es and animals liVing on the ocean floor

greatly increases in the equatorial region. It is the mobile species of marine

life, such as fish, cetaceans ana sv~e squids, that react most markedly to the

Barents Sea ~ •.••••••••••• D •••••••• '- •••

Mediterranean Sea •••••••• "••••••••••••
Malay Archipelago •••••••••••••••••••••
Southern South America ••••••••••••••••
Antarctic r.egion •••••• e._ g • ., •••••••••••
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Figure 12. Distribution of ocean plankton biomass, by latitude
(after Zenkevich)

Equatorial oUgotJ.ophic zone

Zones of growth of organic life
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Soul'''

Latitude

peculiarities of the quantitative distribution of nutritional fauna and seasonal

~hanges of climate; they move about in their sea~ch for food, going to colder

waters in summ~r and to warmer zones for breeding in winter.

geasonably accurate maps of the quantitative distribution of the fauna

of the pe1agic zone and of the ocean floor exist for only a few reg2.ons of

the ocean. They exist 1'01' the northern waters of Europe and Asia (figures 13 and

14), for the seas of southern Europe (figure 15) and for some Far :Eastern seas

(figures 16 17 18 and 19) and the work has been done in great detail for the", .

fauna. of the Sea of Azov (figures 20 and 21) and the Caspian Sea (figures 22 and

23).
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Figure 13. Map soowing distribution of benthos biomass in the northern seas
of the Union of Soviet Socialist Republics (after Zenkevich)

Figure 14. Map showing distribution of plankton biomass in the northern seas
of the Union of Soviet Socialist Republics (after Zenkevich)
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Figure 18. Map showing distribution of ~nthos bio!!l2SB in the western part
of the Bering Sea (after Be1yaev)
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Figure 19. Map showing distribution of plankton biomass in the western part
of the Bering sea in June (after Vinogradov)
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Figure 20. Map showiDg distribution of benthos bioD18SB
in thE:: sea of Azov in spr1Dg (after Vorobyov)
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Figure 21. :Map showing distribution of benthos biomaBl
in the Sea of Azov in summer (after Vorobygv)
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i, Figure 23. Map showing distribution of
autumn plankton in the Caspian Sea

(after Ryabchikov and Yashnov)
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Figure 22. Map showing distribution
of benthos biomass in the Caspian Sea

(after Ryabchikov and Yashnov)
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PAPERS PRESENTED AT THE INTERNATIONAL TECHNICAL CONFERENCE

ON THE CONSERVATION OF THE LIVING RESOURCES
OF THE SEA

Rome, 18 April to 10 May 1955

A/CONF.10/7

Sales no. 1956.II.B.1

CORRIGENDUM

1. On page 139, delete the third paragraph, starting f'JA biological appraisal•••" and

ending"•••no significant difference to the figures adduced.!' and substitute the following:

A biological appraisal of this kind should be made for the entire ocean; it will

then be possible to classify the various zones of the ocean. Purely as a guide, the

quantity of liVing matter on the floor of the continental shelf may be considered

0.3 times 1010 t('ns and the quantity of plankton 0.03 times 1010 tons. These

figures must, however, of necessity be corrected by the index of productiveness,

which may vary by as much as 50 to 60 times from one part of the ocean to

another. The quantity of plankton outside the .continental shelf may be estimated,

even more approximately. at 1.2 times 1010 tons and the quantity of benthos on the

ocean floor at 0.1 times 1010 tons. By adding all these figures together, the weight

of the animal population of the whole ocean may be estimated at" between 1.63 times

1010 tons, excluding fish and sea mammals, which would, however, make no

significant difference to the figures adduced.

2. In the third line of the following paragraph, for "tempera.ture" read "temperate."
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After observations over many years, it is no~ possible to construct a

diagram sb0~ing the general character of the quantitative cbanges of ~enthos an

plankton observed in moving from the coast to~ards the deep ocean in \.. north

~estern pArt of the Pacific Ocean (figure 24). The Soviet expedition ship

IIVityaz", by a six-year investigation of the diotribution of living matter in t:
north-~est Pacific, sho~ed that in general terms the average weight of bentbos

per square metre falls from one kilogramme at the shore to 0.4 gramme at a

distance of 1,000 sea ntles from the Kuril Islands. over the same stretch of

~ater, the average ~eight of plankton per ~~b:c metre of water falls from

400 milligl.'ammes to bet~een 20 and 30 milligrammes. The average weight of

plankton per cubi.~ metre falls to t~o milligrammes at a depth of five kilometre:

and to 0.5 milligramme at ten kilometres.

According to the Danish research work~r, R. Sparck, ~ho used material

collected during the remarkable voyage of the "Galathea", the average ~eight of

benthos ~er square metre in typical oce~n regions is of the order of one or t~o

grammes.

A biological appraisal of this kind should be made for the entire ocean;

it will then be possible to classify the various zones of +....ae ocean. Purely as

a guide, the quantity of living matter on the floor of the continental shelf ma~

be considered 14 times lOll tons and the quantity of plankton 8 by lOll tons.

These figures must, ho~ever, of necessity be corrected by the index of

productiveness, ~hich may vary by as much as 50 to 60 times from one part of the

ocean to another. The quantity of plankton outside the continental shelf may be

es~imated, even more approximately, at 4 by lOll tons and the quantity of benthc

on the ocean floor 9t 0.27 by lOll tons. By adding all these figures together,

tpe ~eight of the animal population of the ~hole ocean may be estimated at betwe

25 to 30 times lOll tons, excluding fish and sea mammals, ~hich ~ould, ho~ever,

make no significant difference to the figures adduced.

By taking account of all the characteristics of. physical geography and

biology, it becomes possible to proceed to classify the zones of the ocean. The

frigid, temperature and tropical zones of both the Atla~tic Ocean and the Pacifi

Ocean can be divided, as a first apprOXimation, into eight neritic faunas of the

= 2 III nl.FIII 11-_ " ( T k .......
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temperate zone, four of the tropicsl and two of the frigid zones (figure 25).
I

: The faunas of these regions are now distinct and they havEl passed tbrough a

protracted perio~ of separate development, but in the remote geological past,

the faunas of the tropical and temperate zones had a ccu:mon genetic origin, The

faunas of the frigid zones are particularly diveTg~nt in form, yet they show a

certain degree of LU,ity at both poles.
i}
f::~ Though they may now be separated from each other by open stretches of oc.:ean

or by continents, all regions belonging to the same ~one show the same

characteristic development of large numbers of similar species, analogous

development both of marine faur!a and of the orography of the ocean, many

In this connexion, "potential living F.lreas" and "acclimatization resolll:ces"

As a result of the historicalshould be sound biogeographical concepts.

biological phenomena, analog~"-; trophic relationships, and so on. The development

of analogous biological phenomena may be illustrated by the feeding cycles of theI cod of the ~orth Atlantic and the east Australian flathead (Neoplatycephalus).

~ All the el~:ents ~f these :YCl~S a~'e d~f:ere~t~.but the ~eeding.:y~leS as ':lwhole

~ :::~~::~::::::~eO::::~iC:::~::.':o~:ane~;~:~:c:~e:::::::e:ni:SPOSS1 e
;~t

~
!~
I~
:¥~

.~ environmentally similar regions with their various fauna are now prevented from

exchanging them. Thus, the actual living arEas of the vast majority ef marine

organisms, particularly those of the sea floor and of the neritic zone, are

considerably smaller, and in some cases many times smaller, than the areas which

they could inhabit or, in other words, than their potential liVing areas. This

fact places at man's disposal Virtually inexhaustible possibilities of

acclimatization which he may reasonably turn to his own advantage. Nature itself

seems to show the way; it is necessary only to recall the settling of the Chinese

crab Eriocheir sinensis in both the salt snd fresh waters of north-west Europe,

the journeyings of the Caspian hydroid Qordylophora caspia first in the Baltic

Sea and then tbroughout the world, the migration of the American crab

Heteropanope tridentata fi:cst to the Zuyder Zee and then to the Black Sea and the

Sea of AZov, of the gastropod Rapana bezvar from the China Sea to the Black Sea,
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Figure 25. Schematic diagram of principal neritic faunas of the Atlantic
and Pl3I.cific Oceans (after Z€>nkevich)

Neritic zones

~ Tropical fauna (2)

l=;~=*, Frigid fauna (2)

l~;~;$~ Temperate fauna (4)

Figure 26. Map shoWing acclimatization of North Pacific salmollS (Oncorhynchus)
on the Atlantic Ocean ~d the Southern Hem...:lphere (after Zenkevich)
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~f the diatom Rhizosolenia calcaravis and the bivalve Mytilaste!-lineatus from

the Black Sea to the caspian, and many other remarkable examples of self

acclimatization.

Side by side ~ith the concept of potential living area, the concept of

an acclimatization resotrrce, that is, of a collection of species from various

other oceanic regions ~hich are capable of inhabiting a specific region, must be

developed. The actual living area of the ove~helming majority of species living

in the ocean is ordinarily circumscribed by insurmountable barriers. It is qUite

eVident that the frigid zone of one hemisphere is a potential living area for

very many inhabitants of the frigid zone of the ohter hemisphere. The same

situation applies to the eight neritic fau-as of the temperate zone and the four

tropical faunas. The eight neritic zones and the four tropical zones can prOVide

very rich acclimatization resources for one another and should be most carefully

investigated. In these circumstances, sixty-four possible routes of transoceanic

acclimatization may be defined and used to f~nd potential living areas for

valuable commercial species or for the organisms on ~hich they feed, or for some

other useful purpose.

In the past, there have been examples of the very successful use of

transoceanic :cclimatization. A ~ell-kno~n instance is the successful

transplantation of oysters from certain oceanic regions to others; making use of

their potential ability to live in eihter ocean of the ~c~thern Hemisphere.

Other outstanding examples have been the successful aL--l.matization in the

Pacific of shad (Alosa sapidissima) transferred from the Atlantic side of North

America, using their potential ability to live in either ocean of the same

hemisphere, and the transfer of salmon from the North Pacific to the Southern

Hemisphere and to the North Atlantic (figure 26), using their potential ability

to live in the equivalent zone of either hemisphere. The fact that there have

been specific instances of failure to acclimatize Pacific salmon in no ~ay means

that satisfactory results cannot be obtained from the same regions in the future.

Examples of extremely good results obtained from certain acclimatization

measures are also to be found in the seas of the Soviet Union. During the

nineteen thirties grey mullet from the Black Sea ~ere transferred to the Caspian,

and they became a valuable commercial commodity in their ne~ living area. In

'c
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1939 and 1940, the sea worm Nereis succinea was introduced into the Caspian Sea,

where it is used for food by the sturgeon and stellated sturgeon.

In connexion with the construction of a number of large leservoirs in the

Soviet Union, a large-scale pJ.an of acclimatization mea!'lllreS is being carried out

in order to secure a planned fishing economy in the reservoirs. Acclima~l~a+-;~n

measures ~or these reservoirs are also required in connexion with the controlled

drainage of the river systems feeding the Sea of Azov, the caspian Sea and the

Aral Sea. Grey mullet from the Caspian and sprats from the Baltic are being

introduced into the Aral Sea, where until now there were no fish of the herring

type. Various species of edible invertebrates have also been transferred from

the Caspian Sea to the Aral. The Caspian Sea, the Sea of Azov and the Baltic

Sea will also need certain further acclimatization measures. It is proposed to

acclimatize in the Caspian Sea the mollusc Macoma baltica, which is of very great

importance in the Baltic from the nutritional point of view.

If the problem is approached seriously and in a spirit of international

co-operation, a very real increase and improvement in the commercial resources

of the ocean can be achieved. It should be remembered that the Southern

Hemisphere lacks such important commercial fish as cod, sea perch (sebastes

marinus) and herring. The herring of the Black Sea and the caspian Sea could

provide a valuable acclimatization stock for some inshore areas of the ocean.

Closely related species or even subspecies might also form a valuable resource fOI

transoceanic acclimatization. The possibility o~ transferring Atlantic cod to

the Pacific and perhaps of trans~erring fur seals to the Greenland Sea might also

be considered.

There can be no doubt that great results may be expected from transoceaI,ic

acclimatization, and such acclimatization should be fully considered in

investigating means for the planned utilization of the resources of the ocean. Ir

the meantime, research in the field of the biological appraisal of the ocean and

the use of the possibilities offered by transoceanic acclimatization is in its

in~ancy. It should be intensified and developed on a much larger scale.

\
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INTERNATIONAL CONSERVATION PROBLEMS, AIID SOLUTI'JNS
IN EXISTING CONVENTIONS

by

William C. Herrington, Special Assistant for Fisheries and Wildlife
to Under-Secretary of State, United States Department of State

and

John L. Kask, Chairman
Fisheries Research Board of Canada, Departffient of Fisheries, Ottawa

(The mimeographed text of this paper appeared as AjCc..NF.IO/L.4 and
under the title "International Fishery Conservation P-.coblems and

Solutions Developed in Existing Convention::;lt)
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Practical development of international co-operation for effective

conservation of the liVing resources of the sea must, by the very nature of the

problem, depend upon progress in two field~ of technical and scientific

endeavour.~ First, methods of exploiting resources must develop in

efficiency and range to the point where stocks of fish can be materially reduced

by man's ac'civities, and the reduction extended to ~reas and stocks which are

being expl,)ited by the na.J~icnals of n:cre then one country; second, fishery

Y See the end of this paper for definitions of terms used.

,,
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~cience must be developed to the stage where the effect of man's activities

on fish stocks can be evaluated, and measures of control can be devised which

will limit or control these activities to obtain the desired results. Men began

to approach this state of affairs less than a century ago.

The advances of the ~~dustrial revolution began to be effectively applied

to the fishing industry at about the turn of the present century. steam and

internal combustion powe~ adapted to fishing vessels increased their sIeed and

cruising range; mechanized gear multiplied fishing efficiency; advances in

preservation allowed vessels to continue to fish longer; and increases in

population augmented the demand for the product. This trend continues today.

Under heavy fis~ing the strain on known resources became apparent from

gradually diminishing returns from the same fishing effort. Fewer fish on

older fishing grounds had to be shared by more fishermen from many countries.

The generally held view that the seas were inexhaustible was exploded, and the

concept of the optimum catch was gradually developed. The questil)n became:

to what extent could the quantity and quality of the catch be improved by

regulating fi3hing operations, and how could this be done when fishermen of more

than one country workec: competitively ()ver the same area on a limited resou-rce?

This problem, as might be expected, first became acute in the north

eastern Atlantic (the North Sea and adjacent waters) where fishing fleets were

among the first to be mechanizen and where fishing had been hea'v,y for many years.

It was in this area, too, that the international nature of the problem was first

recognized, and attempts at joint study and suggestions for joint management were

first introduced.

Problems of diminishing returns from high seas fishery resources soon

developed in other parts of the world. This was partlcularly t~ue in the North

Pacific area, first ,lith respect to fur seals, then halibut and, later, salmon

and other species.

pevelopment of Researc. ~ ;:>uncils and Conservation Agreements

Development of the international approach to solving high seas fishery

problems occt:rred in two "Jays. The first involved co-operative research only.

Research was non-coL~entious and everyone seemed in favour of developing more

information regarding a little-known but valuable resrmrce '.Jhich was beginning

to show signs of exhaustion.
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The next convention was the sockeye salmon convention

It deals with one species and

success.

In answer to an obvious need in the North Sea area, where the fisheries were

of first importance, an International Council for tbe Exploration of the Sea,

composed of western European countries; was organized for the purpose of

co-ordinating and advancing ocean research. Led by some of the leading marine

scientists of the day, this Council was an almost immediate success. It gave

great impetus to fishery research in the eastern North Atlantic area and

inspired others in other parts of the world to follow. In 1919 a somewhat

similar body, call~d the International Co~ssion for the Scientific Exploration

of the Mediterranean Sea, was formed by countries bordering the Mediterranean

for the study of oceanography in general in that body of water; and in 1920 the

North American Council on Fishery Investigations, having similar aims and close

ties to the parent North Sea council, was organized, with special em~~asis

on western North Atlantic research.

More than a quarter of a century passed before the next regional fisheries

council was organized. This took place in 1948 under the Food and Agriculture

Organization of the United Nations (FAO) in the Indo-Pacific area and was

followed closely, in 1949, by a new council for the Mediterranean Sea. Some

progress also has been made towards organization of a fishery council for

Latin American waters.

The other line of development was more controversial, dealing wit~ actu9l

international high seas fisheries management. The terms of reference and

objectives were more precise, and the agreements were in the nature of formal

treaties.

The first formal international convention was entered into by Canada, Japan,

Russia and the United States in 1911 for the purpose of conserving the fur seals

of the North Pacific. This convention was successful in restoring the fur seal

populations but became inoperative tn 1941. The second convention in point of

tim~, tlle Pacific halibut ccnvention of 1923, between Canada and the United States,

Cl.eals with thE:; _cQ:'1servation of one species, the Pacific halibut, in one area,'

the north-eaetern Pacific. This conventior. has achieved a large measure of

of 1937~ between Canada and the United States.
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The Research Councils

International Council for the Exploration of the Sea

Although sporadic attempts were made in the North Sea area to get agreement

on such measures as minimum mesh size during the first half of the nineteenth

century, modern progress dates from late in the century, with the evolution of

beam and otter traWling and the extension of fishing offshore. Characteri$tically, 1
4

the first moves were steps to develop co-operation in research concerning the

sea and its rebources through informal co-operation among scientists. This

one river system, the Fraser. It, too, is successful in aiding progress towards

its objectives. The Ealtic convention, signed by Danzig, Denmark, Poland and

Sweden in 1929, covering plaice and flounder in the Ealtic, functioned until

the Second Vlorld "VIar. '!he Skagerrak, Kattegat and Sound convention, signed

by Denmark, Norway and Sweden in 1937, provided minimum size limits for

plaice and dab. The remaining conventions, on whaling, inter~American tropical

tuna, the north-west Atlantic fisheries, overfishing and the North Pacific

fisheries, have all been negotia·...ed and became operative within the last decade.

The older conventions of this group have already made encouraging p:.ogress in the

direction of their objectives.

It ~s the intention of this paper to review briefly the organization of

these international research councils and the more formal international fishery

conventions and agreements, to point out the problems which they were designed

to solve and the procedures used, and to assess their achievements so far as is

possible at this early date.

i,

later led to formal co-operation through the organization of the International

Council for the Exploration of the Sea. Following organizational meetings

held in Stockholm in 1899 and Christiania in 1901, a North Sea Resem~ch Council

was formed. Its inaugural meeting was held in Copenhagen in 1902.

,
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I,

gj Formal title; in English translation, the International Council for
Exploration of the Sea. The Council is generally referred to as ICES,
from the first letters of its English title.

The purpose of this Council,the Conseil Permanent International"poUr

l'Exp1oration de la Mer,?J is the "international investigation of the sea". Its

main functions are to encourage study of the sea and to co-ordinate to this

end the operations of co-operating governments. It has since served as the

inspiration, and to some extent the model, for nearly all co-operative

approaches to international oceanog~aphic and fisheries studies. It has helped

to lay the basis for the new sciences of hydrography and fisheries. It has

survived two world wars. In 1952 it held its fiftieth anniversary meeting in

stockholm, and its jubilee report provides an impressive account of its

accomplishment over the preceding twenty-five years.

Functionally, the Co~~cil is divided into committees on special topics and

on certain areas to carry out its co-operatively planned research. The subject

corrmittees, such as the DaImon and Trout Committee, the Statistical Committee,

the Plankton Committee, the Hydrographica1 Committee and, until recently, the

Whaling Committee, give special study to the problems indicated by their names.

The arGa committees, such as those for the Baltic area, the transition area, the

north-eastern area, th~ n~rth-western area and the southern North Sea area,

deal with common problems in the area designated by the countries most interested.

The Council collects and collates fishery statistics and hydrographic information

and publishes the results of investigations.

The Council employs a general secretary ahd a small scientific and clerical

staff, who co-ordinate research and organize annual meetings. The Council's

operations are supported by modest contributions from member governments.

The Council has played an important role in shaping the various fishery

conventions that have been negotiated for the north-eastern Atlantic area. These

conventions, without exception, have been developed to put into effect the

COlillcil's recommendations respecting certain fisheries or stocks of fish.

Furthermore, since it prOVided facilities for co-ordinating the research work of

all interested nations in the area, SUbsequent conventions provided only for

putting the Council's recommendations into effect. They did not prOVide for

separate co-ordination of research or for special research on the problems they

covered. This is one of the primary differences between th~ international

conservation organizations dE; ,(':loped in this area and those in the North Pacific,
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General isheries Council for the Mediterranean

Patterned largely on the Indo-Pacific Fisheries Council, the General

Fisheries Council for the Mediterranean was organized at a meeting called by

FAO in Rome ir. September 1949, where an agreement was drawn up similar to the

one concluded at Baguio. The inaugural meeting was held at Rhodes, Greece,

in July 1952.

Five technical committees have been established; they are concerned with

exploration, production, utilization, fresh water fisheries, and research and

statistics. This arrangement provides for wider terms of reference than those

of the original Mediterranean council, which had ceased to function at the

beginning of the Second World War and which this Council was designed to replace.

At the time of the 1954 meeting, eleven Governments - Egypt, Greece, France,

Israel, Italy, Monaco, Spain, Tunisia, Turkey, the United Kingdom and

Yugoslavia - were full members, participating in the meetings by senaing

technical delegates.

The Council maintains headquarters in Rome; the secretariat and limited

support in publication are supplied by FAO. The secretary of the Council

organizes the annual meetings and serves as editor of the proceedings.

The Fisheries Conventions

Fur seals

The fur seal herds of the North Pacific area have their principal rookeries

on three island groups, the Pribilof Islands (United states) in the Bering Sea,

which are inhabited by the largest herd, the Commander, or Komandorskie, Islands

(USSR) off Kamchatka and Robben Island off the southern tip of Sakhalin Island,

which was Japanese in 1911.

Intensive pelagic sealing had so reduced the number of seals in these herds

that by 1911 Great Britian (for Canada), the United States, Japan and Russia

signed a convention providing for protection of the seals. Each country

undertook enforcement of this agreement with respect to its owns nationals.
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All parties to the convention agreed to prohibit pelagic sealing. In return,

the United states undertook to manage the Pribilof seal herd and pay Canada

and Japan 15 per cent apiece of the sale price of the skins as their shares of

the harvest. Russia undertook to manage the Commander Islands herd and pay

Canada and Japan each 15 per cent of the harvest under somewhat the same

arrangements, and Japan undertook to manage the Robben Island herd and pay

Canada and Russia each 10 per cent of the Robben Island harvest of seal skins.

Within a relatively short time, the beneficial effect of the prohibition of

unrestricted pelagic killing became manifest. The downward trend in the

seal population was reversed; by 1916 it had nearly doubled, and by 1930 the

Pribilof herd had increased to approximately 1.5 million.

There was no provision in the fur seal convention for joint or co-ordinated

research on the seal populations or on the effect of the seals on other marine

organisms. Little research was done on these problems, even by countries

directly concerned with managing the herds.

Operations under the convention were successful until October 1940, when

the Japanese Government nutified the other signatories of its intention

to t.erminate the convention one year thereafter. It was the Japanese opinion

that the fur seals of the North Pacific had become so numerous that the

objectives of the convention had been achieved, and t~at direct and indirect

damage inf .d,.~,ed by seals on the fishing industry of Japan was proving more'

and more c? .~us. In view of the lack o~ conclusive evidence as to the size

of the herd and its ef!\:;t on con:mercial fisheries, no agreement on this matter

was reached, and the convent5.on was terminated on 23 October 1941-

Protection of fur seals in the eastern and northern Pacific was continued by

agr~ement between Canada and the United states. The Union of Soviet Socialist

Republics has not engaged in pelagic sealing on its own account, and Japan,

by agreement following the treaty of peace, has refrained from this activity.

The four countries party to the 1911 agreement have ~.ndicated an interest in
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Pacific halibut

is usually a senior federal government officer; the other two are public

The convention for the preservation of the halibut fishery, negotiated

bcbleen Canada and the United states in 1923, marks the first successful attempt

at formal international co-operation in combined research and regulation of a

negotiating a new fur seal convention, and in recent years research leading

to a more precise knowledge of the Pribilof seal population and the effects of

the seals on other valuable marine resources has been undertaken both

internationally and nationally.
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co~~ssioners serve without compensation.

hi8h seas fishery.
Follo\ving a heavY increase in halibut fishing after the First World War,

yields from some areas began to decline, until by the early nineteen twenties

fishing on the older balli{s was no longer profitable. It was to study the

rpnsons for this rapid decline in halibut stocks that Canada and the

United states in 1923 signed a convention to study halibut stocks jointly, with

a \iew to recommending measures to halt the decline.

As first negotiated, the convention provided for an international

commission empowered only to conduct research. The resLuts of the research,

after a few years, were so ccnvincing that the convention was revised in 1930
to give the Commission authority to regulate the fishery. Tne Commission has

its O\vn research staff and makes use of an advisory cow~ittee which it appoints;

this includes representatives of the halibut industry ani other interested

groups in both countries.
The International Pacific Halibut CommissionZ/ consists of three members

from each of the two countries (originally two from each country), appointed by

the Governor General of Canada and the President of the United states. The

pa

The name was changed from Intern&tional Fisheries Commission in 1953. un
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" are willing to undertake the necessary study and to devote the time required

to carry out their responsibilities effectively. All decisions of the Commission

are maQe by a concurring vote of at least two of the ccmmissionp.rs of

each contracting party. Almost without exception, decisions and recommendations

have been ~lanimous. The cost of operating the Commission is borne equally

by the partic:i,pating countries, and the amount of money required is recommended

by the Commission and voted by the governing bodies of both countries.

Following the inauguration of the management programme of the Co~nission,

the decline in halibut stocks was halted, and there has been a general increase

in productivity, from an annual average catch of 45 million pounds in the early

nineteen thirties to 70 Dillion pounds in 1954. About 75 per cent of the world

supply of halibut is produced from stocks managed by the Commission.

The convention for the preservation of the hali~ut fishery of the northern

Pacific Ocean and the Beri~g Sea has been kept flexible deliberately. It has

been revised from time to time to permit the most effeGtive operation under

changing conditions and responsibilities. After nearly thirty years of

successful operation, the Commission has c~me to be considered an almost

permanent organization, with both pa~ticipating governments pointing with

justifiable pride to its marked success in carrying out an important

international responsibility.

Baltic area

Increasing knowledge of the effect of the fishery on the flatfish of the

Baltic led to the negotiation of a convention for the Baltic in 1929. This

convention included Danzig, Denmark, Germany, Poland and Sweden. It covered

plaice, Pleuronectes platessa and flounders, Platichthys flesus. It prOVided

for minimum fish sizes for each of three areas, determined by differences in

the rate of growth of the i'ish. Enforcement was carried out by each contracting

party with respect to its own nationals. Tnis convention remained in operation

until the Second World War.
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the catch.

Sockeye saln~on

Plaice and dab in the Skagerrak. Kattegat and Sound fisheries

A convention for this area, signed in 1937 by Denmarl{, Norway and Sweden,

provided nimimllm fish sizes for plaice} Pleuronectes platessa, and dab,

Liltando. limandu.

~

f'

ae

re

ca

ru

is

wi

of

su

TTn

10

an

01

co

Th

ye

in

Hh-

sh

Is

Opl

del

•
19

to

ope

ste

The convention itself

1he occasion for the negotiation of

It€. :l'ers of the International Pacific Halibut Commission.

cOllntr Les :..n their respective ,vaters.

the c"m-ellticn 'vas a sharp reduction in the nms of socl{eye salmon to the river

syslcm, follo'ving landslides which partially blocked the river, and overfishing.

'The convention, signed in 1937, provided for setting up a commission 'vhich

would be given po\Vers to regulate sockeye salmon fishing after a period of

research covering t\vo cycles of the salmon run, or eight years. 1he

International Pacific Salmon Fisheries Commission is composed or' three Canadian

anJ tl~ree United States corrmissioners appointed in the same way as are the

in this case provides for appoiatment from each country of an advisory committee

1'r_'I': the saln:on ir:dustry and other interested groups. 'These advisers may

attend all r:on-executive meetings of the COllilllission. Tte convention also provides

fer 0.1: independent international research staff under a Director of

Investigations, all under the Corrmissionls general supervision. 'The costs of

the CClwussion are divided equally between the two goverrllllents~ and the

conve-tion requires that the regulatory system prOVide an equal division of

A Cisheries convention negotiated bebveen Canada and the United states

deals "ith one sllecies of salmon (sockeye) originating in the Fraser River

Sy::;tf'l:l, ,,,llicl1 lies ,,,holly in Canada. l-~)\Vever, the adult salmon ~n their

,my te, the 1': vel' to spmm pass through Dnited States and Canadian vaters

succcs~ively and are subjected to intensive fishing by the nationals of the two
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After a numbe~ of years of research the Commission began construction of a

fishway at Hell's Gate, and later at other places, to facilitate the ~'Ilmon's

asce~t to their spawning grounds in the river. The Commission undertook

regulation of the salmon fishery after the eight years of preliminary research

called for by the convention.

-The Comraission's work is sh ._.,; practical results in the rapidly increasing

runs of sockeye salmon. Through the continued operation of the Commission it

is expected that sockeye s51mon ~uns, worth many millions of dollars annually,

will be restored and maintained at maximum productivity. During the peak years

of the fishery, the catch averaged 20 million fish annually. This was

subsequently reduced by obstructions and overfishing to about 2 million fish.

nnder gUidance of the Commission, the run of sockeye salmon was restored to

.la million fi·sh in 1954, ane. it is anticipated that under continued sound research

and management the fish runs can be built up to their original level.

The salmon convention and the halibut convention, mentioned above, are the

oldest international conve.ntions that have included both fact-finding and

conservation management measures necessary to achieve conservative ubjectives.

They are the only conventions that bave been operating for a sufficient number of

years to demonstrate effectively the possibilities of international·co-operation

in rehabilitating and maintaining the productivity of international fisheries.

Modern whaling was ushered in with the introduction of the floating f3ctory

ship. Experiment with the first ship of this type took place near the Falkland

Islands in 1906, and by 1938 there were forty-four large mechanized factory ships

oper~ting in the oceans of the world, principally in the Antarctic.

The heavy strain of competitive and unrestricted whale huntiilg during the

decade from 1921 to 1931 reduced the number of whales so precipitously that by

1932 some whaling companies, individually and by agreement with others, undertook

to limit their catches voluntarily. Though this provided some relief, other

operators would not agree to curb their killing, and the total effect on the

stock was not sufficient to halt the decrease.
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Aside from a conference in Paris ~n 1927, joint efforts at conservation of

the resource prior to 1931 were limi+.ed to relatively ineffective informal

agreements between whaling companies and the enactment of whaling regulations by

individual governments. In 1931, representp.tives of twenty-one governments met

in Geneva and concluded a convention for the regulation of whaling. This

convention was succeeded by another agreement, concluded in 1937 and signed by

nine 0~ the signatories to the 1931 agreement. The 1937 agreement was amended in

1938, 1944 and 1945.
Effective whaling was discontinued during the Second World War, but was

resumed almust immediately after.the cessation of hostilities in Europe. Nine

factory ships oprrat~d in the Antarctic during the 1945/46 whaling season.

With the long history of ineffectual management of the world's whale resources

as an object lesson, a conference was called at Washington, D.C., in November 1946
to discuss the organization of an effective international body before whale

hunting should again get out of control with the resumption of antarctic whaling

after the war. At this meeting a convention was negotiated and signed, the

necessary ratifications were completed and it came into force two years later.

The inaugural meeting of the International Whaling Commissicn was held in London

from 30 May to 6 June 1949. Meetings have been held annuelly since then at various

capitals of the world. Seventeen countries - Australia, Brazil, Canada, Denmark,

France, Iceland, Japan, Mexico, the Netherlands, New Zealand, Norway, Panama,

Sweden, the Union ef Sou·:.h Africa, the Union of Soviet Soci81ist Republics, the

United Kingdom and the United States - now adhere to the convention.

This convention for the first time established a commission empowered to fL~

hunting seasons, restrict whale hunting areas, limit the number of whales which

can be caught each season, set size limits, prohibit the catching of scarce

species, prohibit waste in processing, supervise and control operations and enforce

regulat.ions. The commission recommends research, reviews and evaluates

scientif~c findings, and may recommend restrictive measures on the basj,s of these

findings.

The Commission employs a pert~time secretary-general Who arranges for annual

meetings and prepares reports on the meetings and recommendations. Eacb

participating government has one commissioner and one vote. Under the auspices
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:~ of the Commission, catch statistics are collected and analysed by the
~I
;~ International Bureau for Whaling Statistics, an organ of the Norwegian

:~ Government, and a cons~derable amount of research is carried on by member
'I

governments. The Commission has no scientific staff of its own. Whale research

is very expensive; only a modest amount is performed by the scientists of a few

whaling countries, and much of this is dependent on the goodwill of the whaling

companies.

Contracting governments must indicate their assent in writing to amendments

to the whaling schedule or changes in whaling regulations before they become

binding on the government concerned.
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Tropical tuna

The convention between Costa Rica and the United states for the establishment

of an Inter-American Tropical Tuna Commission was negotiated in 1949, and the

inaugural meeting was held in July 1950. The conventio~ deals with yellowfin and

skipjack, the principal tunas found in the tropical eastern Pacific, and

associated bait fisheries. Its principal obj.cttves are to gather, analyse and

interpret relevant information concerning the fishes covered by the convention

and to recommend to the contracting parties the conservation measures necessary

for maintaining the population of fishes at a level which would permit maximum

utilization year after year.

Provision was made in the convention for any interested government not

signstory to the original convention to adhere by making application to the

depository government and by assuming its proper proportion of responsibilities.

In accordance with this provision, Panama joined in 1954.
The convention provides for setting up a commission, and for the ap~ointment

of commissioners (up to four) by each participating government. The Inter

American Tropical Tuna,Co~mission employs its own staff, which operate~ under a

director of investigations. Funds to operate the Commission are voted by

governments on the recommendation of the Co~mission, with the costs divided

according to their catch from the fish stocks covered by the convention.

The Commission has already made notable progress in assessing the size and

distribution of fish stocks and the effect of fishing on both the tunas and the

bait fishes employed to catch tunas.
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North-west Atlantic fisheries

The bank fisheries of the north-1~est Atlantic Ocean contig'l.louS to the coast

of North America are among the oldest and most productive in the Western

Hemisphere and are fished by many European and North American cOlUltries. The

effects of the great increase in fishing effort in the decades following the turn

of the century began to show on some species of fish. Although no crisis was

imooinent in the north-western Atlantic, there was general recognition that

overfishing wesa growing possibility. This concern, coupled with the much more

critical need for international conservation measures in the North Sea area,

prompted the convening of international conferences in London in 1937, 1943 and

1946. These conferences dealt with the whole of the North Atlantic, though the

problems on either side of the ocean we~e different. None of the provisional

agreements arrived at was accepted by all governments.

In 1949 a conference was convened in Washington to consider the north-west

Atlantic fishing area separately. This conference negotiated the International

Convention for the Northwest ~tlantic Fisheries, which was signed in 1949 and

which entered into force in July 1950 on formal adherence by the fourth

government. The inaugural meeting was held in Washington in April 1951 .
The convention provides for setting up a commission through the appointment

of not more than three commissioners by each contracting government. The

International Commission for the Northwest Atlantic Fisheries has a full-time

executive secretary with a small staff which collates the scientific prog~ammes

of the panels and services the meetings of the Commission and its committees.

The operations of the Commission are financed by the payment ef $500 annually from

each contracting party, with the remaining costs divided among the parties in

proportion to the number of panels on which they are members.

The principal features of the convention are the following: The extensive

waters under the convention are divided into sub-areas, roughly along the lines of

separate biological stocks so far as these are known. A separate panel is

established for each sub-area, each panel including the governments whose

nationals are actively fi1hing in the sub-area or whose shores are contiguous to

it. Each panel is responsible for co-ordinating research and recommending
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conservation measures for its sub-area. The Commis<.lion co-ordinates the work

of the panels and receives their recommendations for appropriate action concerning

research programm~s or regulatory ffieasures.

The Commission is respon8~ble for programming research, and collecting aLd

disseminating information necessary for maintaining the productivity of stocks

of fish which support international fisheries. Research work generally is done

by member governments, not by its own staff of scientists, as is the case With the

halibut, salmon and tuna commissions. Provision is made, however, for the

commission itself to carry out needed research when it is not feasible to have

it done by separate governments and for the Commission to employ such personnel

as it requires for this purpose. Neithe~ the Commission nor any special panel

has authority to take direct regulatory action. Normally) recommendations for

conservation measures or~ginate with the panels. The Commission reviews the

recommend;9tions and, if they are approved, recommends them to member gmrerr.mE'nts

for joint action. If the Commission's recommendattJns are accepted by the

governments which are members of the panel covering the sub-area to which the

recommendations apply, the regulations then become binding on all contracting

governments when their nationals fish in these sub-areas.

Provision is made for non-signatory governments whose nationals participate

in the fishery to adhere to the convention. Such governments become mmnbers

when their applications to the depository government are agreed to by member

governments.

In spite of its short life the Commiesion has made encouraging progress.

Regulation of mesh sizes has been recommended and adopteJ for one sub-area.

Striking benefits to the haddock fishery are already evident. Recommendations

by other.panels for other sub-areas are under active study.

North Sea fisheries

In the nineteen thirties the intensification of fishing in the North Sea

and the decreasing catch, particularly of the more desirable species, ~timulated

efforts to reach agreement on conservation measures. A convention to control

mesh measurements and the sizes of fish taken was negotiated and si.gned in 1937
by ten North Sea countries. For various reasons this convention never was

ratified by all the governments.
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special research or research co-ordinating body, and it specifies certain H
I~

conservation measures. The duty of the Commission is to consider extensions or ~

alterations of the provisions of the convention .Jfter cons111tations with ICES. 11

The latter organization serves as the scientific fact-finding agency of the f·j
Commission. Liaison is provided through a Liaison Commit~ee made up of the five ~
chairmen of ICES committees which deal with areas and species of concern to the 11

(~1

Commission. This has provided an effective procedure for utlization of the d
fj

services of ICES. Perhaps its chief limitation arises from the time required to ."1'<

transmit requests and problems to ICES and receive the latter'srecommendations or ~

comments in reply. ~

I

After the second World War, in view of the graphic eX8illple of the effects 0.1

reduced fishing intensity, a new fishery convention, the Convention for the

Regulation of the Meshes of Fishing Nets and the Size Limits of Fish, was

negotiated and signed by twelve cotmtries in 1946; it became effective in 1954.
Present membership includes Belgium, Denmark, Western Germany, France, Iceland,

Ireland, the Netherlands, Norway, poland, portugal, Spain, Sweden and the

United Kingdom.
This convention provides for minimum sizes of trawl mesh in fishing for

bottom fish and minimum lengths for the twelve principal species of bottom fish.

Each government undertakes to employ appropriate measures to ensure application

of the provisions of the convention to its own vessels. The convention provides

for a permanent commission made up of one or two representatives from each

government (11ith only one vcte for each delegation), to meet at least once each

three years, with the duty of considering whether the provisions of the convention,

should be extended or altered. The Commission, where practicable, is to consult

with the International Council for the Exploration of the Sea~/ on this matter.

The contracting governments agree to give effect to any recommendations to extend

or alter the convention which are unanimously approved by governments represented

at a meeting of the Commission and by all contracting governments not represented

at the meeting. The convention has a minimum life of three years and may be

acceded to by any government upon notification to the depository government.

This convention differs from most of the others in that it provides for no
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The International Convention for the High Seas Fisheries of the North Pacific

Ocean is the most recent international fishery convention for the high seas; the

inaugural meeting was held in January 1954, and the convention has been in

oper1::ltion over a year. The convention area includes all waters, except the

territorial waters, of the North Pacific and its adjacent seas. The three

signatory governments, Canada, Japan and the United states, undertake to handle

under this convention all their mutual fishery problems in the area, whether

bilateral or trilateral, except for those covered by eXisting conventions. The

convention covers all stocks of fish under substantial exploitation by two or

more of the contracting parties; decisions and recommendations concerning

regulation of fishing on such stocks are confined to the contracting countries

engaged in their exploitation on a substantial scale.

The convention recogn;.zes that the continued productivity of some North

Pacific resources is the direct result of the long continued conservation efforts

of certain contiguous countries. These efforts include research and management

involving expenditure of extensive time, effort and money, as well as restraints

and sacrifices on the part of the fishermen. Without such efforts these fisheries

vJould not continue as productive resources. The convention therefore provides

that where it can be demonstrated that a stock of fish is being fully utilized by

one or more of the contracting parties and where the fishery in question is under

scientific management and regulation, the principle of abstention should be

applied. Contracting part~es which have not historically fished these stocks

agree not to engage in fishing the stocks, and the contracting parties fishing

them agree to continue to carry out necessary conservation measures. Fishing in

the same area for other stocks of fish is not affected.

To facilitate the administration of these abstention principles so far as

salmon fisheries are· concerned, a ]::J'ovisional line was adopted on the basis of the

best information available; it is designed to separate areas containing salmon

of North American origin from areas in 1~hich salmon of Asian origin are found.

Provision is made in the protocol of the convention to initiate investigations

"as expeditiously as practicable" for the purpose of either confirming or improving
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The Commission provided for in the convention consists of not more than four ,
,

this provisional line. Because of the importance of the line, with respect to

abstention, the convention also provides, in the event that unanimous agreement

cannot be reached in a reasonable time on the location of the line, for the

appointment of a committee of three competent scientists, not nationals of the

contracting parties, by mutual agreement of all parties. Majority decision by

this committtee would determine the recommendations to be made by the

International North Pacific Fisheries Commission, established under the

convention.

The convention provides for action by the authorized officers of any

contracting party when a person or fishing vessel of any party is engaged in

operations in violation of the provisions of the convention or where there is

reasonable ground to believe it was so engaged immediately prior to boarding by

the officer. Under these conditions the officer may arrest or seize the person

or vessel and deliver such person or vessel as promptly as practicable to the

authorized officials of the contracting party to which the person or vessel

belongs, at a place to be agreed ulon by both parties. To ensure the

satisfactory operation of the enforcement provisions of the convention, it

provides that in the sixth year of its operation the contracting parties shall

meet to review the effectiveness of the enforcement provisions and to consider

commissioners to be appointed by each contracting government.

planned and reviewed co-operatively, is generally to be carried out by the

contracting governments. However, when this is not feasible, the Commission may

employ its own staff to perform such research.

The convention authorizes the appointment of advisory committees from the

fishing industry and other interested groups in each country and provides that

the members may attend all except closed meetings of the Commission.

The Commission ~aintains an executive director with a small scientific and

clerical staff. The present duties of the staff are to help plan and co-ordinate

research carried out by the agencies of the contracting parties and to organize

and service the annual meetings and the meetings of the committees.
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Latin American countries have in recent years shown keen interest in the

fishery resources off their shores. One manifestation of this interest was the

organization in August 1952 of the Permanent Commission for the Exploitation and

Conservation of the Maritime Resources of ~he South Paeific, by the Governments of

Chile, Ecuador and Peru. The inaugural meeting took place in December 1954.
The objectives of the Commission are "to secure a better exploitation and

conservation of the maritime resources of the South Pacific".

Three committees, or sub-commissions, have been established to achieve t~ese

objectives; these deal with treaties, diplomatic matters and technical subjects.

The Commission has very wide terms of reference but, aside from the promulgation

of regulations to control whaling, no technical or conservation progr~mme has been

announced.

Definitions

For the purpose of this paper the following terms have been used with the

meanings indicated:

Population or stocks of fish. A collection of individual fish of the same

species forming a homogeneous group living in a continuous enVironment, capable

of separate identification, which responds as a unit to fishing or other causes

of changes in population density. Such populations, or aggregates of

populations, constitute the units of the resource, dealt with in conservation

management.

Fishery resource. A population or group of populations of any species of

marine organism which is or may be exploited by man.

EXploitation. The use of a resource by man; utilization.

Fishery management. Vigilant overseeing of resource exploitation. It

includes the application of conservation measures and procedures, and the research

required to develop them.

Conservation. Control o~ man's fishing activities in such a way as to

produce the maximum sustainable yield of fishery products in the form most useful

to man.
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Conservation measures. T~ese include such technical devices as

limitations 0U catching effort, limitations on total catch, gear restrictions and I
closed areas, as distinct from "procedures", which relate to ways of applying and ;~!

~!
administering such devices. ~
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(The mimeographed text of this paper appeared as A/aONF.IO/L.5
under the title "International Fishel'ies Convention, 1946")
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North Sea Fishery Conditions Prior to 1946

.: The North Sea overfishing problem is one of the. oldest and the best-known •

The symptoms took the form of (1) diminishing average size of important commercial

~ fish; (2) diminishing catch per unit of fishing (per traWler/ton/day, for example);

J ar.~ (3) diminishing total yield. As is usual, the first two were noticed ahead of

the third and indeed they long ~r8ceded it, for these are the first effects of

fishing. From the moment a virgin stock is fished, the average length of life of

its members begins to fall, and the average catch per haul tends to diminish.

Altcougnthese signs are not of themselves reliable signs of biological
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overfishing,!1 they were causing considerable concern even before 1900. As the

industry developed, there was increasing concern by 1913 for several species.

For all that, these changes, which most directly affect the fishermen themselves,

and the profit for their work, were at first fairly easily countered by fishing

new grounds outside the North Sea and by improving boats and gear, but this was

not the case with the third symptom - decreasing total yields - which was felt by

all.

The First World War gave a substantial respite from 1914 to 1918 to most of

the North Sea fisheries, and fishermen in 1919 again found large prime fish and a

profitable catch per fishing unit. Total yield was also up, and the industry

exploited the grounds tq the utmost, with the result that average sizes and catch

per unit had diminished remarkably by 1922; a decrease in the total yield of

haddock, plaice and hake and other fish fol1,- ..:d. The intrcduction of the more

efficient VD trawl gear in 1925, which no progressive trawl skipper could ignore,

served initially to increase the catch per unit effort, but, after initial profit,

the three important criteria fell even f\~rther. The depressing years of the

nineteen thirties, when North Sea fishermen worked hard and dangerously for poor

returns, were the inevitable consequence.

All concerned knew that some solution must be found, but agreement about its

nature was difficult to reach and seeking for the right answer was a slow pro~ess.

Various solutions were proposed from restriction of fishing by area or season to

direct limitation of the catch, but regulation of minimum landing sizes of fish

and of mesh size were those most favoured, representing as it were the lowest

common factor of agreement. The elnphasis was on raising the average size of fish

in the population by enabling small, unmar;:etable fish to escape and grow more

y "The productiveness of a fish stock depends on the effort used to exploit it,
the productiveness first increasing and then decreasing as the effort
increases" (M. Graham, "The Sigmoid Curve and the Overfishing Problem" iil
Rapnorts et Proces-Verbaux des Reunions of the Conseil Permanent International
pour LtExploration de la Mer, vol. 110, Copenhagen, 1939).

liThe detection of biological ovel"fishing from the statistics of a commercial
fishery is possible When, over a period of years during which there has been
a steady growth of exploitation, the yield is observed to decrease steadily
after an initial risell(B.B. Parrish and R. Jones, "Haddock Bionomics: 1. The
State of the Haddock Stocks in the North Sea, 1946-1950 and at Faroe,
1914-195011 in Marine Research, 1952, No. 4 of the Scottish Heme Department
HMSO, Edinburgh, 1953).
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before they were caught again. Fisheries! scientists anfr administrators had

rightly convinced their governments that small fish could be sayed to grow larger

by increasing the size of the mesh, and that it would profit the fisheries to do

this. The United Kingdom introduced minimum mesh and size regulations in 1933
and, following lxoanimous recommendation from the International Council for the

Exploration of the Sea (Conseil Permanent International pour l!Exploration de la

Mer) in 1934, all the countries concerned resolved in 1937 to introduce similar

regulations. But war broke out again, and no more could be done until

representatives of the countries were able to meet again in 1946.
The rest afforded the North Sea fisheries by the Second World War provided,

if such were needed, a second gigantic demonstration of the effe~ts of reducing

the fishing effort in a complex fishery, with results very similar to those

following the First World War. Average sizes and catch per unit were well up

again in 19h5, and, in relation to the reduced fishing effort; so was the yield.

Indeed, a special survey by the COlIDcil demonstrated an increase of stock density,

up to threefold and more, in most of the North Sea fisheries, as a result mainly

of reduced fishing mortality. But all too soon these diminished agaiL as the

renewed fishing effort made itself felt.

Major Provisions of 1946 ,Convention

In 1946 the fisheries! administrators and scientists of European nations

drew up an International Con'{ention for the Regulation of the Meshes of Fishing

Nets and the Size Limits of Fish. This prescribed minimum sizes of fish and trawl

meshes for two great areas: that of the distant fisheries, from the Barents Sea

to Greenland, and that of the nearer and middle water fisheries, covering most of

the .remaining area of the Atlantic north of latitude 480 north and east of

longitude 420 west. Essential features for the North Sea are as follows:

Article 5
I!No vessel shall carry on board or use any trawl, seine, or other

net towed or hauled at or near the bottcm of the sea, which has in any
part of the net meshes of less dimen:ions than those specified in the
first annex to this Convention.1!
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Article 6

"Notwithstanding the provisions of article 5, vessels fishing for

mackerel, clupeoid fishes, smelts, eels, great weevers (Trachinus draco),

shrimps, prawns, nephrops or molluscs, may carry on board and use nets

having meshes of dimensions less than those so specified: provided that

(8) any fishing instruments used by such vessels for the capture of any

of the fish described in this article shall not be used for the purpose

of capturing other kinds of fish; and (b) any fish of the descriptions

set out in the second annex to this Convention which may be captured by

such instruments and are of less than the minimum sizes prescribed

therein shall be returned to the sea immediately after capture."

Article 7

"(1) No vessel while operating shall use any device by means of

which the mesh in any part of a fishing net to which article 5 of this

Convention applies is obstructed or otherwise in effect diminished.

"(2) Notwithstanding the provisions of the foregoing paragraph, it

shall not be deemed to be unlawful to attach to the underside of the

cod-end of a trawl net any canvas, netting, or other material, for the

purpose of preventing or reducing wear and tear."

Article 8

"No vessel shall retain on board any sea fish of the descriptions

set out in the second annex to this Convention, of a less size than

the size prescribed therein for each fish, and all such fish shall be

returned immediately to the sea; provided that they may be retained on

board for the purpose of transplantation to other fishing grounds."

Article 9

"Each Contracting Government undertakes to prohibit by regulations

the landing, sale, exposure or offer for sale, in its territories, of any

sea fish of the descriptions set out in the second annex to this

Convention which are of a less size than the size prescribed therein for

each fish and have been caught in the waters defined in article 1 of this

Convention, whether such fish are whole or have had their heads or any

other part removed."

Article 10

"The prov~sl.0l1.S of this Convention shall not apply to fishing

operations conducted for the purposes of scientific investigation, or to

fish taken in the course of such operations, but fish so taken shall not

be sold, or exposed or offered for sale in contravention of the

provisions of article 9."
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Annex II

Size limit for whole fish
measured from tip of snout
to extreme end of tail fin

(Centimetres)

30
27
30
25
28
25
24
30
30
25
20
20 "

. . . .

Fish

Cod (Gadus callarias) .•••
Haddock (Gadus aeglefinus) •
Hake (Merluccius merluccius)
Plaice (Pleuronectes platessa) •••
Witches (Glyptocepha1us cyncglossus)
Lemon ~oles (Microstomus kitt)
Soles (Solea solea) ••••••••••
Turbot (Scophthalmus maximus) •
Brill (Scophthalmus rhombus)
Megrims (Lepidorhombus whiff) . • • • • •
Whitings (Gadus merlangus) •
Dabs (Pleuronectes limanda) •
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"The fish -Co which articles 6, 8 and 9 of this Convention apply
and the sizes below which such fish may not be retained on board,
landed, or sold and exposed or offered for sale are as follows:

Annex I

"(1) In all waters covered by the Convention, as defined in
article 1 and article 4, except as provided in paragraph (2) below, the
minimum size of mesh for nets referred to in article 5 shall be such that
when the mesh is stretched diagonally lengthwise of the net a flat gauge
80 mm. broad and 2 mm. thick shall pass through it easily when the net
is wet."

Article 11

"The Contracting Governments agree to take, in their territ01des
aGd in regard to their vessels, to which this Convention applies,
appropriate measures to ensure the application of the provisions of
this Convention and the punishment of infract.ions of the said provisions."

Particularly in the North Sea area, the prescribed measures were necessarily

less stringent than some countries would have desired, and the convention did

not include certain measures that some felt were already necessary. There was,

however, a sense of urgency and common endeavour, which might have secured

speedily a vital measure of conservation. It remained merely for the convention

to be ratified, but ratification was not completed until 1953, and the convention

was not made effective until 1954, when the fisheries had again become severely

overfished.

.,
~

I

,.

.\

:
\< Q

"
,.

,
'~'l

'r,. -,.

for
~),
[lets
:l that
f any
rpose
ions
ed by

3.ph, it
the
r'the

; of
this
i.

cations
" of any

[lg
n, or to
hall not

tions
an
1 be
,ed on
"

~ein for
L of this
)r any

Digitized by Dag Hammarskjöld Library



Application of Provisions and Review of their ~ffects

It is necessary to see first just what benefits were to be expected from

this international agreement, and, to understand them clearly, a word or two

about the fishery is necessary. The essential feature is the mixed nature of the

North Sea fishery. Most of the cowmercial fish ~orr~unities are made up of more

than one species; all may be edible, but in IT.any parts of the world there is a

market only for one or two members of the cowmunity. They may be sufficiently

different in size or habit to require capture mainly by different methods. It is

a reflection of its long history that the North Sea fishery has to meet a very

wide demand.g} Human tastes thus make conservation difficult, and no foreseeable

regulation can benefit all stocks equally even if there were no ecological

reactions between them. For this reason, mesh regulations can meet only the lnajor

demand, while some size Umits may in the end be governed by the l:Iarket for a

specific size, and not necessarily match the selection value of the regulation

mesh.

The estimated benefits to be derived from the regulations were that, if the

fishing effort were not increased, in the course of a few years the yield of

haddock might be expected to attain 15 per cent more than it would have in the

absence of international regulation and tl:1at of hake about 10 per ce::l.'t, with the

yield of ccd 5 per cent more. Since the minimum size of mesh then prescribed

necessarily had the roundfish chiefly in view, only a very small benefit could be

anticipated for the valuable plaice fishery - perhaps 3 per cent - for it could be

effectively conserved in this manner only by much larger minimal meshes. The sole,

however, should benefit more than the plaice. Clearly, the chief result would be

an improvement in the important haddock fishery, although it is an essential that

the over-all fishing intensity should not be increased. But the IT.ere fact that

the countries had reached an agreement was of tremendous value, and it could only

be hoped that on this foundation more thorough-going conservation could be built.

gj The Bulletin Statistique of the International Council for the Exploration of
the Sea records catches of more than a score of demersal species, of which
twelve are of sufficient importance to be scheduled in the convention.
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These estimated benefits arise directly fr0m the escape of young fish through

the wider meshes so that they may grow to a more valuable size before they are

caught again. The minimum size limits of the fish themselves have no value in

conservation - all the roundfish rejected as being undersized would be dead before

they could be thrown back into the sea. But in so far as these sizes were clo:ely

related to the effective mesll selection, they were valuable in ensuring that the

regulations were being observed. If the chosen minimum fish size is correct, then

it will not be profitable to use an illegal mesh in order to catch illegal sizes

in substantial numbers, for they are liable to be confiscated on landing, with the

possibility of prosecution.

Cne very practical problem arises from the need to convinc~ fishermen that

the regulations are reasonable; many fishermen were until recently convinced that

the strain undergone by the net while trawling - particularly with a large catch

of fish - would effectively lengthen and thus close the meshes so that small fish

could not escape. Ingenious experiments as long ago as 1932 demonstrated clearly

to scientists that this was not the case, but it was not until under-water films

obtained by scientists a year or two ago showed clearly that the meshes remain

open and that fish escape, in good condition, that the majority of fishermen were

convinced. Two films "The Trawl in Action" and IIFish and the Seine Net" have

provided valuable publicity on both sides of the Atlantic and are being shown

around the world.

Despite these benefits, however, it was expected that some losses might

occur, particularly for certain types of fishermen, during the first two or three

years after the regulations were introducl'i because of the inevitable loss of the

smaller fish; this would particularly apply to the whiting, for t.:~ample. For

most~ the loss was not expected to be heavY, and it was regarded as an investment

for the benefits to come. But there was also an indication from research in the

North Sea that even this loss might prove much less than was feared, because the

larger meshes might be expected to increase the flow of water through the net and

so increase its efficiency in the capture of larger fish. It is too early yet to

be certain that this will be so in the North Sea, but there is already good

evidence from elseWhere, particularly on the other side of the Atlantic where

another haddock regulation has been introduced. This has resulted, even during
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the firc+ year or two, in heavier catches of the larger fish being caught by the

large-meshed nets of the "regulation" fleet than are being CE.ught by a few

commercial vessels selected to fish experimentally with the smaller "pre-regulation"

meshes. So much is this the case that it is said to be difficult now to persuade

the selected boa:;s to use the original - smaller - meshes for experimental

purposes; their skippers have decided that the larger mesh pays!

Quite apart from the third progressive overfishing of the North Sea stocks,

during the interval between 19!,t": and 1954, other things had been happening. It

was becoming increasingly obvious that mesh and size regulations alone could not

completely prevent the overfishing and that, while even greater benefits .>.,.l1d l:.e

sought by agreeing on ~arger minimum meshes, this course would prove particult~ly

difficult for thos coun~ries which had traditionally fished for th~ fomaller

marketable fish, with smaller boats and gear, often along the ~oast8. ~iG

became even clearer at a second post-war fishing conference in 1947. A fu:ther

centrol was urgently needed because of two facts: (1) mesh regulaticn would f)r,.:;'y

be valuable if the fishing effort were not increased under the combi~ed attraction

of more and larger fish on the grounds and (2) the most profit \vould in any event

only be obtained if the fishing effort were adjusted to take just as "much as the

stock could reproduce by new growth". Petersen had realized this as early as 1894

and Baranov in 1918. Russell in 1931, Thompson and Bell in 1934 and Graham in

1935 followed, along rather different lines, but it remained for Hulme, Beverton

and Holt, after the war, to formulate the relationship in modern mathematical

terms, with the benefit of a much longer series of fishery statistics than their

predecessors had. Valuable accounts of the development of the theory are given by

Grai.1am (1952)2.1 in the jubilee volume of the council,!U and of the elements of

the modern theory by Beverton (1953).

The primary fact is that it is now possible to calculate the maximum yield

which a fishery can be expected to sustain, theoretically, over a term of years

in which the essential variables remain constant or average out. Long series of

2;' For the references in this paragraph, and others, see the bibliography at
the end of this paper.

~/ Conseil Permanent International pour l'Exploration de la Mer, Rapports et
troces-Verbaux des Reunions.
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statistics are helpful; only for a few fisheries can this be measured at present

with any precision. Fm:' the North Sea this "mpxiIllU1li sustainable yield" would oe

much higher than that now taken of several ind~vidual species of commercial value.

It may in some circumstancas be only a theoretical maximum, or one to be attained

only at an inordinate cost. IIThus the presence of a maximum in a curve of yield

as a function of fishing intensity with the mesh size held constant is not a

general feature, but depends on the size of mesh in question" (Beverton 1953,
page 62). For all that, "there exists a wide range of combination of fishing

intensities and mesh sizes which could have produced a greater yield,,21 than the

pre-war or present fishing intensity in the North Sea, so that it is possible to

get much nearer to the ideal than is now the case, under the p-esent regulations.

The best or optimum yield for anyone species can only be gauged by a mixture

of biology and economics. To secure it consistently, either the minimum mesh

would need to be much bigger (With considerable losses of some smaller fish such

as whiting), and the total effort controlled at its present level, or the present

(or perhaps a slightly larger) mesh might be retained "11th a considerably

decreased effort. What is needed, in fact, is the most economical combination of

both. One important corollary is that this concept "can also be applied to a

fishery based on two or more species of fish of ,commercial importance which are

caught simultaneously by the same gear, as is the case in the North Rea. Thus for

any given fishing intensity there is a mesh size which enables the greatest

combined yield to be obtained, although this combination of fishing intensity and

mesh si.ze might not be eumetric§J for anyone of those species alone ll (Beverton

1953, page 65).
At its simplest, the fishing effort could be evenly spread over the whole

year, or a greater effort concentrated - by a competitive scramble - into a few

months, with an identical yield. We are seeing the latter happen in the Pacific

halibut fishery, and in the whale fishery the agreed yield is probably not being

'if Loc. cit.

§..! That is, well-balanced, IIbecause for any fishing intensity it defines the
mesh bize which will enable the greatest yield to be obtained at that
intensity!! (Beverton, page 63),
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obtained in the most economic way. By the same token, the present North Sea yield

could be obtained,under the present mesh restriction, with a smaller over-all

effort spread economically, at much greater profit per fishing unit. It has been

estimated that> using the 80-millimetre mesh, the vessels now fishing the North

Sea could, by staying in port for about one week in every two, land rather more

fish of a larger size (a value increase of about 25 per cent) once the full

benefit of the larger mesh was reached, in six to seven ye.rs. They would take

more than twice the catch per unit effort - no small profit! This relation

between the yield obtainable and the effort applied (at the appropriate minimum

mesh) is one of the problems which the European nations now have to consider, and

other nations will be qoncerned in such matters sooner or later.

When the convention was drawn up, it provided for regular sittings of a

permanent commission to review the working of the convention, and this Commission

has sat regularly since 1953, dealing with a number of problema. Perhaps the

greatest problem was that the articles had been worded in such a manner that it

was not possible to agree easily on the proper way of amending the regulations.

While representatives of one group of nations felt that amendments could, in

effect, include any unanimously desired regulations for improving conservation,

another group felt that amendments could only concern the two types of provision

already specified, that is, those on minimum mesh size and on minimum fish sizes

(and, of course, areas). Clearly, the only thing to do was for all to agree on

the narrower interpretation, although the representatives of most countries

recognized that these two types of regulation alone could not afford anything like

the maximum benefit to the North Sea fisheries. This could only be achieved by

measures directed towards ensuring the maximum yield securable, at fishing rates

which would be economic to all concerned. The present convention does not allow

for such c:Jntrol either of yield or effort, but a new convention or a suitably

amended one could do so, subject to safeguards.

Such decisions are not easily reached, although in simpler circumstances

there are precedents for them. For example, the conventions dealing with Pacific

halibut and salmon (between the United States and Canada) have prescribed and

enforced catch limits. The Intelnational Commission for the Northwest Atlantic

Fisheries allows for such a prescription although it has not yet been enforced.
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The Interilational Whaling Commission uses this method as its chief means of

regulation to date. It may well be useful to provide in future conventions for

the possible application of any measure needed to conserve the stocks and

supported by scientific evidence, even if some measures could scarcely receive

general agreement at the time of drafting a convention.

There lies before the fishing nations of Europe, therefore, a very important

decision. Ultimately, control is concerned, but in the first place statistics

are concerned, in making assessments. It is a matter of history that, for the

best-known and most studied fishery in the world, it has taken approximately

fifty years to introduce its first international regulation, only to find that

there are still many problems to solve. What is important, h,wever, is that it

is now possible to foresee some of the dangers as well as to predict with some

certainty the prospective benefits. This is only because there are now available

long series of statistics, steadily improving in precision for conservation

purposes, albeit still not entirely adequate. These are maintained by the

various countries and collected and summarized by the International Council £or

the Exploration of the Sea. They have provided the basis for research in the

area and in this way have perhaps helped to make prediction, and then legislation,

simpler and speedier than it might have been. .They now provide the means f'or

assessing the results of predictions and regulations and the only basis for

further conservation studies. One of the most important essentials for any

fishery is the compilation from its origin of all those statistics (catch, date,

place, effort, and so on, all to the required detail) which alone make

assessment and then prediction possible.

Another problem before the Commission set up under the 1946 Convention for

the Regulation of Meshes of Fishing Nets and the Size Limits of Fish concerned

the trawl and the seine net. Extensive scientific investigations in several

countries, which had provided the evidence for the selective effect of meshes,

had mainly been done with the trawl but, not unreasonably, the convention had

prescribed for all such nets. Work which only matured in 1953, however,

convinced the fisheries' scientists, and in due course the Commission agreed,

that the seine net was a more selective instrument than the trawl, permitting

more and larger fish to escape (see, for example, Lucas, Ritchie, Parrish and
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Pope, 1954). A mesh approximately 10 millimetres smaller between lrr..ots secured

the same selection as the larger trawl mesh J and the regulation was altered

accordingly. At the same time, in order to introduce the major regulatioE more

gradually in those fisheries where its iEmediate effects would be most severe, the

minimum mesh size for trawl nets wes reduced from 80 millimetres to 75 millimetres

for the first two years - so that the North Sea regulation at present in force

provides for a minimum of 75 millimetres in the trawl and 70 millimetres in the

seine. Further, the l~1der-water films and other available evider-ce suggest that

this problem concerns the thickness and flexibility of net twine as well, and it

may yet prove that trawls of thin twine, for example, are more selective than those

of thicker twine, mesh for mesh.

When the national representatives came together to discuss the actual

application and enforcement of the regulations, it became clear that enforcemept

might well not prove so simple as it had seemed at first. The meshes, for

example, were to be tested by means of a flat gauge of the prescribed size, passing

easily through the rr:eshes when wet. But how is one to er.r:nte that the officers and

the fishermen of many countries have the same idea of a "~inimllm of pressure ll
- or

that nets are equally wet when tested? Good will and common sense are needed in

local enforcement of the regulations, tempered with a modicum of science.

Again, not oply should justice be done, but it is even'better if it is seen

to be done. With the best will in the world, can the fishermen of one country be

sure that the regulations are being enforced as strongly elsewhere as they feel

they are being applied by their 0W11 government? And what if the apparent severity

of the penalties is pot the Same in all cOlli"tries? Is an international inspection

force required, with complete standardization in enforcement and penalty for

offence? These are notions which necessarily conflict with national sovereignty

and tradition. As the convention has only been in force for a year, it is

necessary to see how it works out in practice before attempting to resolve the

problems set forth in this paragraph.

Just as the convention was going into effect, attention was drawn to

another type of problem. The present convention concerns demersal fish and not

pelagic fish, so that the familiar herring fisheries had properly been excluded

from the regulations. However, the rapidly increasing industrial fishery for small

herring and sprat was the incidental means of catching the young of species which
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came within the scope of the convention. Now the convention prescribes minimum

sizes for various. fish, including whiting, s~ that it was an offence to land them

below these sizes. Yet large numbers were being lande~ along with the young

clupeoids. Indeed, during 1953 a quantity of undersized whiting was landed in this

way which was about one-third that of the total landings of legal size whiting by

all "European countriesl There was in fact a legal problem and a biological one.

A preliminary biological assessment suggested that, if n?t already dangerous to the

stock, the increasing size of this fishery would soon become dangerous. The

regulations were therefore adjusted so that in such industrial fisheries not more

th~n 10 per cent of lli1dersized fish in the conventioi'. schedule could legally be

lal:ded. Attempts are also being made to avoid, for the industrial fishery, those

shoals in which many whiting are mingled with the herring commlli1ity.

It is important that in reaching decisions on such matters the Commission

was able and Willing to take its scientific advice from the International Council

for the Exploration of the Sea, and a final word should be said about the

relationship between these two bodies, for they are not exactly matched anywhere

else in the world. Again it is a matter of history. Regulations have all too

often been formulated before research but in this case they were not. Some fifty

years ago the governments of Europe began to send their delegates and their

fisheries t experts to meet yearly lli1der the auspices of the COlli1cil, among other

things for the very good purpose of securing tithe rational exploitation of the

sea". It is important to note these words. They represented an ideal fifty years

ago, but a practical ideal. They do so now, and probably none serve better for

that obje~tive of economic maximum catch to which all aspire. As the scientists'

investigations and their judgements matured, they were able, through the Council,

to bring to the attention of the respective goverlLments more and more precise

information about the nature of some fishery problems and ways of resolving them.

In this way the Council stimulated the formulation of some minor conventions and in

due course the major one of 194& But tbeCounci1 still remained ccmp1ete1y separate

from the Commission, which it might be said to have evolved, whereas in most other

fishery conservation schemes, research and international administration have in

one way or another been closer from the start. However, the Convention specified
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that the Commission should "where practicable consult the International Council for

the Exploration of the Sea", and the Council in due course set up a Liaison

Committee composed of the chairmen of certain of its committees, to which problems

from the Commission c~uld be submitted for consideration and recommendation. This

mechanism has been welcomed by the Commission and it has already been used with

advantage to both organizations; it seems likely that it will continue for some

time to meet the foreseeable scientific requirements of the Commission. Laot, but

not least, mention should be made once more of the service the COllilcil has, long

provided and will maintain in its international collection of statistics (Bulletins

Statistiques). They have been invaluable in the past and will be even more so

in the future, as they are remodelled, and their publication advanced, in order to

meet the growing requirements of a conservation scheme in process of development.
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Films

"Fish and the Seil'le Net." Producer and distributor: Scottis ""ame Department,

Marine laboratory, Aberdeell, 1953. 16 mm. blad: and white, sound, 17 minutes.

"Trawls in Action 11". Producer and distributor: United Kingdom Ministry of

Agriculture and Fisheries, 3 Whitehall Place, London, S.W. 1, 1952.

16 n:ID. and 35 mm. blacl{ and white, sOUl:.d, 27 minutes.
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CONSERVATION PRCBIEMS IN THE NCRTIDIESTERN ATIANTIC

by

Erik M. Poulsen, Executive Secretary
International Ccmmission for the Northwest Atlantic Fisheries

(The mimeographed text of this paper appeared as A/CONF.IO/L.8
under the title "Conservation Problems in the Northwestern
Atlantic and Related Activity of the International Ccmmission

for the Northwest Atlantic Fisheries (ICNAF) ")
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The problem of conservation arises in nearly all cases where an extensive

fishery is carried on. lllien a new and more effective fishing method is

introduced, the demand for conservation regulations can be especially strong,

often frcm already established, less effective fishing industries. Too often

such demands have been met too vTillingly by the authorities, and it might well

be that more regulations have been ineffective, or even injurious, than

effective and profitable. An intense fishery need not be injurious to a

-183-

Digitized by Dag Hammarskjöld Library



fish population, that is, injurious to the returns frcm that resource over

a series of years.

vllien a new fishery operates on a virgin or little exploited population,

the catches rise rapidly to a peak, maintain that peak for a few years and then

decline nearly as qUickly as they rose until gradually the fishery establishes

itself on a level scmewhere between the original lmf landings and peak landings.

Cur concern is to manage the fishery so that this level is as high as possible.

During the decline frcm the peak fishing operations, the demana. for

reGulations arises: "A few years ago the catch was so high, now it is so low,

the intense fishing, the toverfishing t has depleted the stock so that it yields

less than it formerly did". This conception, hovlever, is false, for the

population dces not yield less; it may even yield more. The catch during the

peak years was not the yield of those years but the withdrawal of a capital

hoarded in earlier years.

In the management of a fishery, the aim is to maintain the crop available

for yearly harvesting at as high a level as possible. It is not the size or

the vleight of the population that matters, but the weight of the fish meat

preduced yearly.

In a dense population the fishes are :low-grmfing and old. They are using

their feed supply in milling around searching for foed, in spawning migration,

in preducing ree and milt, adding very little to their individual weight; thus,

the yearly crop of fish for foed is small. In such a population a thinning out

by an intense fishery is a great benefit - from cur point of view - causing the

old, slml-grmving individuals to be replaced by young, fast-grovTing individuals,

who use their foed in adding to their size and weight, thus increasing the yearly

crop • Many examples of this are known, fully supported by evidence.

In the history of a fishery, it is dangerous to postpone conservation

measures to a date too late, but is just as dangerous, perhaps even more so,

to intreduce them too early. C __lservation efforts must aim at controlling the

population or populations in question at such a level of abundance that the

individuals, in as short a time as possible, reach cptimum size, and then at
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c'atching these as soon as possible, before natural mortality has claimed too

large a parte By optimum sjze is understocd the size of the individual at the

time when the year-class i::J of maximum weight. This definition may be qualified

if there is a price differential based on cullingse

To achieve this a tremendous amount of research work is needed along the

lines 'defined by M. B. Schaefer in his paper above, liThe Scientific Lasis for

a Conservativn ProgralIJIlle ll
• The problem of determining the period of individual

life when fishing should start, of fixing the most profitable 8tate of density

01' rather of IIthinning out11, and of defining the most advisable regulation

measures if:; a vast one. These problems are further ccmplicated by the fa:::t

that regulation of the fishery of a certain species also acts upon other species

in the same habitat and through these reacts on the formero

Aims of Conservation

The t1.;o main aims of fish conservation are: (1) to secure to manl~ind a

continued supply of fish sufficiently large to meet the demand, and (2) to

maintain a paying fishing industry. In many cases these two aims can bp.

achieved through the same measures of conservation. In scme cases, however, and

perhaps in more cases than is generally realized, 'this is not so. A conservation

measure may cause a lesser quantity to be caught, Ttlith the result that, thr'Qugh

improved quality, the fishing industry pays bettelC', but a decrease in the

amount of foed made available for man results •

Thus, in considering conservation, in each case it must be decid(.,i which

of the two aims should be given priority. Hith the steadily increasing need

for f~ed, obviously the first aim - supply - is to be giveh priority. The

problem is to preduce more food frcm the sea, at a price low enough t::> make it

available to those who need it most. HOvlever, no fishery - 1vithout support 

can be carried on over a lOl"!g pericd if it does not yield a profit for the

fishing industry. Therefore the second aim must be considered, not only :for

its mm sake but also for the sal{e of achi0ving the supply needed.
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Effects of intensity and type of exploitation on the resource

It is obvieus that study of the effects of intensity and type of

explo:'tation must be based on study of these tyro elements themselves, that is,

of the statistical information that can be cOllected on them frem the ccrunercial

fishery. l!hen the International Ccmmission for the Ncrthwest Atlantic Fisheries

(ICNAF) started work in 1951, it was recognized frem the beginning that one of

the principal aims of its ''fOrk YTCuld be ccmpilation of reliable statisti.'.l

data, as ext,ensive and as refined as possible, frcm all ten member ,::eunt:.'ies

which have fishermen in the area.

The main international fisheries in this area are fisheries for cod,

haddock and redfish. The principal cod fisheries ar,.- on th8 Grand Banks of

Newfoun(lland and in Hest GTeenland "Taters. The hadded, fishery is centred off

the coasts of Nova Scotia and Nel" England. 'Ihe fishery for redfish, which

is a fairly neH one, mainly talces place on the Grand Banks.. off Ncwa Scotia,
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of ~ecific Items of the Conference AgendaDisC'ussio,

i1agnitude and p;ecgr-c.,Jhical range of the 'Po'Pulation constituting

the resource ------

In considering this item, it most be borne in mind that in same cases the

population constituting the resource - that is, the pupulation fished - is not

identical with the population sustaining that fishery. It may be that the

fishing is carri' cut only in part of the area over which the resource, the

species in question, is distributed. If one tries to judge the magnitude of

such a rescurce through statistics of the fishery, or through research work

in the area "threatened", one ccmes to a ,vrong conception ·")f the size of the

resource and of its ~bility to endure fishing. A species fished in only part

of its range ,.;ill be able to endure in that area a much stronger fishery than

a species fished over its ,~,ole range. This fact is, of course, most obVious;

hOlTever, it has often been overlooked or not sufficiently considered. v!hen

contemplating the intrcduction of regulations for a fishery, the research work

on the species in question must be carried cut not only in the area where it is

fished but in the whole area where the species is distributed, provided that it

is connected ~ith the fishing area.
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rl in the Gulf of st. Lawrence and in New Engic..nd T·,i In the ~'laters off the

scuthwestern coast of Greenland, a fisher~ for redfish has started during the

past t~vo years.

The fo'lm!ing ten nations, "lhich are members of the Ccmmission, carry on

fishing irl vue area: Canada, Denmark, France} Icelan(l., Italy, Norw'ay} Portugal,

Spain, United Kingdcm and United States. During },'ecent years, Germany has

started fishing en the Grand Banks and in Hest Greenland waters, and the Union

of Soviet Socialist Republics has carried cut a little experimental fishing

on the Grand Banks. The total landings of grcundfish from the area amounted in

1953 to 1.2 million U'etric tons, round fresh.Y
As statistics on the cemmercial fishery are the primary basis for deciding

,~
/"
I'

!

whether regulations are needed, and, if so~ what kinds of regulations are

desirable, a short survey of the Ccmmission's statistical requirements and of

the use made of them is given here.

The area dealt w'ith by the Ccmnission is that part of the northw'estern

Atlantic which stretches north frcm latitude 390 north and west from

longitude 420
west to the coasts of New' England, the maritime provinces of

Canada, Quebec s Newfoundland and Greenland. In order that the more or less

independent 'lJlations may be dealt with separately, the area has for

statistical purposes been divided into hlenty-three sub-divisions. In definil"1g

the borders of these sub-divisions, st.ress was laid upon the using of natural

borders, sucn as deep channels and knmffi borders of distribution of stocks,

with the effect that the sub-divisions to scme degree correspond to natural

habitats of the various stocks of fishes.

Statistic2l data on landings and efforts from these SUb-divisions are

coll~cted. by months. Data on landings cover only the principal species of'

grcundfish (the pelagic species play a small part in the international fisheries

in the area). Statistics, on landings are collected according to ccmmercial

size categories in use by the industry. Definitions of such categories are

reported ~nnually.

vlhole fish, weight be~ore cleanine;.
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statistics of efforts comprise:

(a) Number and tonnage of fishing vessels in use;

(b) Manpower on the vessels;

(c) Gear used;

(d) Such data on the time factor as: days absent from port,

days on fishing grounds, days fished and hours trawled, this latter

for trawl fishing, with correspondirg data for the various kinds

of hook fishing.

Based on landings and efforts, calculaticns of the yield per unit of effort

are made with the aim of measuring the efficiency of t.ae various fishing methods

and also of achieving measurements of abundance of fish and variations in

abundance in time and space.

As the Ccmmission has only been at work for three to four years, not all of

its statistical requirements as stated above are ccmpletely met by all countries.

However, each year sees a rr.~rked improvement in the quantity and quality of

statistical data obtained. The statistics on landings are given in metric tons

and round fresh after application of conversion factors. It is recognized tha~

the conversion factors in use in this area, as in others, are not so accurate

as could 1d wished. Extensive experiments on conversion factors reccmmended

by the Ccmmission are being carried out by the participating countries.

Problems in respect of which inter.cational conservation measures and procedures
have been instituted in the northwestern Atlantic

In the waters off the New England coast, a certain decline in the yield of

the haddock fishery was observed in the late nineteen forties. This in

connexion with the great waste of small haddoc1: caught by otter trawlers was of

great concern to the fishing industries, the 1~~2eriesf authorities and the

biologists.

At the first annual meeting of the International Cc·mmission for the

Northvlest Atlantic Fisheries in 1951, the problem and proposals for regulations

,{ere presented. After further studies an international regulation introducing

a 4-1/2 inch mesh for otter trawls was introduced in the summer of 1953 for
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the area of'f the Ne~'I' England coast. The 4-1/2 inch mesh is measured stretched,

wet and after use.

The intrc'iuction of this conservation measure was based on the following

observations:g! (a) a general decline of catches frcm a peak, reached around

1930) to a rather lm'l', stable level over the years; (b) a decline in index of

abund~nce2lduringthe late nineteen forties; (c) a decrease in individual size

for the years after 1947. It ~'18S, however, recognized that this decrease could

be due to a dcminance of rich young year-classes. From these observations, it

was considered evident that the haddock fishery of the area had ccme to a stage

where the degree of' fishing was determined mainly by the abundance of fish.

The problem was not that of rehabilitating a depleted stock but rather of

increasing the prcduction of a prcductive population by proper management of'

the fishery.

Extensive studies of distribution, migrations, growth differences and racial

characters showed that the post-larval population of haddcck within the area did

not to any appreciable degree intermingle ",ith stocks of haddock in adjacent

areas. This fact ensured that the fishing industry that had to undergo

regulation would be the one to benefit from it.

Other studies 1·tere concerned with fishing practices. It vlas found that

the mesh then used (2-7/8 inches) had its 50 per cent selection point at

25 centimetres, and that the fishery discarded all haddock below 27 centimetres.

The amount of haddock annually discarded in the area was estimated at around

7 million kilogrammes.

Through these studies and studies of grovTth rate and mortality rates, the

question of optimum age of first capture was approached. The most difficult

problem was to determine the natural mortality; this is a problem in all stocks,

and one not yet satisfactorily solved Total mortality was calculated to be

45 per cent, and natural mortality - based on experience - was estimated to be

J.5 per cent at its highest.

?J Herbert 1i. Graham, "Mesh Regulation to Increase the Yield of the Georges
Bank Haddock Fishery", International Ccmmission for the North'.,est Atlantic
Fisheries, Second Annual Report, for 1951/52 (St. AndrevlS New Brunswick
1952) • ' ,

2/ The index is in thousands of pounds landed per day's traWling by a standard
trawler.
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in this area

Fishing experiments showed that, in order to avoid discarding appreciable

quantities of undersized haddock,; a mesh securing a 50 per cent selection at

40 centimetres w'as needed, and a 4-1/2 inch mesh was found to be the one to

recommend. In 1953 this mesh size was introduced internationally for the area

concerned, as already mentioned.

The Commission found it desirable to study the effects of the regulation

very closely, partly to gain serne general experience in conservation procedures

and partly to'find out whether the mesh size intrcduced was the oee to obtain

over the years the highest possible level of catches. Therefore, the Commission

reccrrmended a plan for research, carried out since 1953 and still in progress,

which is based on a comparison of catches from trawlers using the new regulation

mesh size with other trawlers licensed to use the previous small mesh size. This

research has yielded the fo~lowing results:~ The quantity of discarded fish

(less than 30 centimetres, approximately) ~'1as reduced to a negligible amount.

Landings of haddock bet~'1een that size and 40 cep.timetres were some~'1hat reduced.

This latter loss was, however, ccmpensated by greater numbers of larger fish

caught. It must be borne in mind that the benefit in this early period arises

only frcm the greater catches of larger fish ~'1hich are a result of the j.ncreased

efficiency of the larger mesh. To this ~'Till be added in coming years the benefit

arising frcm the returns from the 1cJ.rge quantities of smaller haddock saved,

which gradually enter the fishery.

A most obvious indication of the advantages to the fishing industry of the

regulation is that many fishermen in the neighbouring Nova Scotian area have

voluntarily introduced the same mesh size.

Cod. Dllring recent years a decrease in the yield of the cod fishery in

Nova Scotian \-Taters, especially in the amount of larger cod, has been observed.

It has therefore been found advisable to introduce conservation measures in that

region for the cod as ~'1el1 as for the haddock. Regulations are nOIl being

considered for these two species. The problems in this area are more involved .•.

~I Herbert H. Graham, "United states Research in Convention Area during 1953",
International Ccmmission for the Northwest Atlantic Fisheries, Annual
Proceedings, vol. 4 (Halifax, Nova Scotia, 1954).
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than in the New England region, as a greater variety of fishing methods are in

use by a greater number of countries. The fact that fishing vessels frequently

pass from tb-a Nova Scotian area to the Newfoundland Banks means that it Ivill

possibly be necessary to include this latter area, one of the most important

areas for international cod fishing in the world, in the conservation procedure.

This vast problem is now being studied by the countries concerned according to

planning carried out by the International Commission for the Northwest Atlantic

Fisheries, and it vTill be one of the main problems dealt with in the coming

meeting of the Commission.

Redfish. The fishery for redfish has grown during recent years to considerable

importance for the whole area, from the Ne1-T England region to the Grand Banks

of Ne1-r.foundland. There are indications that the stock of r dfish within this

area cannot support a fishery like the present one. During the past three years

the landings from the older fishing grounds off the New England coast and

ma:nitime provinces have decreased, amounting in 1953 to less than half of the

landings in 1951. In the same years the landings from the Newfoundland area

have increased owing to a spreading of the fishing fleet. This search by the

fishing fleet for new fishing gro~~ds is a true indication of an insufficiently

paying fishery on the old grounds. In its search the fishing industry has made

good use of experimental exploration for redfish populations carried out by the

Newfoundland Fisheries Research Station. Further research on redfish is planned

by the CC'Jrllllission and i's under way in the participating countries.

The new redfish fishery off the southwestern cost of Greenland has called

for special planning of research. As the fishery here is based on a virgin

stock, the information gained is expected to be of special interest. There are

not, ~n the whole North Atlantic, many virgin stocks left for study or

exploitation.

Halibut. This is fished from the coast of I-Test Greenland south to NevT England.

There is no doubt that in New England and Nova Scotian waters this species

suffered much through a too intensive fishery even in the latter half of the

L953" ,

--'-
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nineteenth century. The returns of the fishery in these areas are now small,

and the fishery is only of slight value. Lwwever, considering that this area

earlier fostered a large stock of this valuable fish, the possibility exists

that proper management of the fishery could restore the stock. If conservation

has to be intrcQuced for halibut, we are faced not with conserving an existent

stock - as is the case with haddock and cod - but with the more difficult

problem of rebuilding an utterly depleted stock. In West Greenland waters the

halibut has Iillso suffered frcm too intensive fishing. The problem of conservation

of this stock is now being considered. TIle measure taken will probably be the

intrcduction of an international size limit.

Concluding Remarks

Hew can it be determined whether a stock (or stocks) in a aertain area is

being de~leted or overfished? Much effort has been directed to defining

"depletion", "overfishing", and other terms. 1'lhen it is remembered that the

aims of conservation are to supply the fish needed to cover the demand and to

insure the continued existence of a paying fishing industry, the behaviour

of that same fishing industry can answer the question.

I'men fishing vessels in an area are turning their efforts to other, less

valuable species, when they spread themselves over the area and beyond it .. i'1hen

they lie rusting in port, then it is evident that the stocks are depleted, are

overfished. It is the duty of research organizations to find cut, before this

occurs, that depletion or overfishing is threatening. To do this, two ways

are open:

(1) Ccmplete study of the biology of the stocks and of their changes in

abundance and in grOivth rate .. and study of the caUSt:'!s of these changes,

whether they are natural, or caused by the fishery.

(2) A close study of statistical information, that is the data which are

obtainable frcm the fishing industry. Annual variations in landings

and in effort must be studied simultp.neously. 'Ihe ccmposition of the

landings by species, by size categories and by age must be taken

into acccunt.
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Both 101ays call fc,r continuous research. The problems will never be

solved once and. for all. Ap. long as a fishery gees on, conditions for the

stock are changing. Long-term climatic changes will also alter conditions

frcm one decade to another.

~llien planning research work on ccnservation, it must be clear that it is

a perpetual 1o,-ork. The regulations introduced ivill never be final. They are

apt to be changed frcm time t.o time or even abolished. Continued vigilance is

needed, to keep informed on the stocks, the fishing effort and the way the

regulations themselves are working out.

\-Jhen stocks are about to be depleted, the fishing fleets move around in

search of new stocks to be exploited. To the extent that new stocks are being

fished, the strain on the old ones is lessened. The shifting of the fishing

fleets thus helps the conservation effort. Therefore, the search of the fishing

fleets must be supported. Research must be carried out for new species or for

ne", populations to be exploited. This ivork - the providing of maps shov1ing

fish resources and the fishery possibilities of the seas - should go hand in

hand ivith conservation. This 1olOrk, too, will never be "finished", as conditions

will change iihen exploitation of new stocks starts.

\nth the mobility of the medern fishing vessels, no stock of fish, however

self-contained or discrete, can be regarded as a unity. The exploitation of a

nev steck of redfisb can 1o1ell influenCE:: the haddock stock of the southern

Grand Banks by reducing the fishing pressure on the latter stock.

It might even be that the exploitation of, let us say, a hake stocl\: in

the Southern Pacific might lessen the strain on the plaice stock of the

Southern North Sea. Thus will the exploration for, and exploitation of, new

stocks aid the conservation of the old.

The question of conservation and management of fishing is a world-wide

Ci'J.estion and must be grasped and studied as such.
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SCIENTIFIC INVESTIGATION OF THE TROPICAL TUNA
RESCURCES OF THE EASTERN PACIFIC

by

Milner B. Schaefer, Director of Investigations
Inter-American Tropical T'1na Ccn:mission, La Jolla, California

(The mimeographed text of this paper appeared as document A/CONF.10/L.ll)
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The tropical tunas which inhabit the high seas off the shores of the

Americas frcm California to Peru and northern Chile constitute the marine

resources supporting the most valuable fishery of the eastern Pacific Ocean.

These resources consist of populations of two species, the yellowfin tuna,

Thunnus (Neothunnus) macropterus, and the skipjack (barrelete), Katsuwonus

pelamis. In 1953 the~e were prcduced frcm the eastern Pacific 274 million

pounds of these species, consisting of 140 million pounds of yellowfin and

134 million pounds of skipjack.

The preponderant share of the catch is taken by fishing vessels based on

the west coast of the United States - very mcdern, long-range craft forming

one of the most specialized fishing fleets in the world. A small but appl'eciable

share of the catch is taken by vessels based in Peru, while smaller quantities

are landed in Chile, Ecuador, Panama, Costa Rica and Mexico. Most of the

landings in countries other than the United States are trans-shipped frozen to
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the United states for processJ.:ng as canned tuna, though small quantities are

canned or otherwise consumed in Latin American countries.

The Inter-American Tropical Tuna Ccmmission is engaged in the scientific

investigation of the tuna resources supporting this fishery, and of the

resources of bait fishes required for their capture by the pole and line fishing

n:ethod~ which accounts for over 80 per cent of the catch; the remainder is

taken by purse-seiners. The tunas inhabit the high seas, in contrast to the

bait species which occur primarily in inshore w"aters, and are, therefore, more

pertinent to the subject metter of this conference. This paper is accordingly

confined primarily to discussion of the Ccmmission's research on tuna resources.

Development of the Fishery for Tropical Tunas in the Eastern Pacific

Fishing for tunas in the eastern Pacific is of ccmparatively recent origin.

Canned tuna was not preduced in the United states or elsewhere in the Americas

until 1903, when there was inaugurated in California a new industry based on

the canning of albacore (Thunnus germo), a temperate water species of tuna,

captured in the seas off southern California during the SUInmer months. The

albacore canning industry greif rather slowly, but by 1917 utilized 31 million

pcunds of these fish. Increased demand for foed do/ing the First Horld Har

gave impetus to the infant industry. It appears that, simultaneously, about

1918, albacore became samewhat scarcer in California waters than previously,

as a result of v1hich fishermen and canners turned to tropical tunas to obtain

the required raw material. The northern part of the range of the tropical

species reaches to southern California, v1here they occur only during the warmer

months of the year. By 1925, the industry used 22 million pounds of albacore,

13 mill-ion pounds of yellowfin tuna and 14 million pounds of skipjack.

In 1926 there occurred a drop in the local albacore supply, owing

presumably to some oceanographic variation; this motivated the development of

the modern, long-range fishery for tropical tunas. In that year the albacore

" practically disappeared frcm California and Lov1er California, only 2.5 millj.on
;-1

11 pounds being captured, and it was not until 1938 that the albacore catch again

fl exceeded la million pounds. In order to satisfy the demand for tuna for canning,
[.1
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Figure 27. Total catch of yellowfin and skipjack tuna from the
eastern Pacific. 1918 to 1953
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rapidly, attaining a peak production of over 350 million pounds in 1950.

I

: fishermen began to expand the fishing area for yellowfin and skip_iacll: southward

along the Mexicun coast, and, with the rapid development of long-range CT . "

~ eqUipped for rc~frigerating the cargoes, had expanded the fishing area southward

F" to the equator by 1931. Subsequently, the fishery e ":landed further southvlard

r, along the Peruvian coast to almost the southern limit of the distribution, in

commercial quantities, of these tropical tuna species.

The increase in the harvest of yellowfin and skipjack tunas from the

eastern Pacific is illustrated in figure 27. It may be seen that the fishery

enjoyed a sustained grov~h from its inception until 1941. During the early

part of the Second I'Jorld Har, production, eopecially of yellowfin tuna 7 decreased

considerably, owing to the entry into naval service of most of the long-range

tuna clippers and restrictions on the activities of the remainder of the fishing

fleet. From 1945 onward, as the fleet was rebuilt, the catch increased very

During tile years of the modern fishery, the greatest share of the catch
r.
i'" bas always "been taken by tuna clippers, or bait boats, which are vessels

1'1 equipped to fish for tuna by means of poles and lines, using small live fishes
I;
(! for bait; these are cast into the sea to attract surface-schooling tuna to the
I:
ri
r0
n

boat. A small share of the catch, about 15 per cent, is taken in purse-seine

nets by vessels especially built for this sort of fishing. This is illustrated

by figure 28, which depicts landings in California - constituting most of the

i ' total catch - by species and type of fishing gear.
nn The bait fishes employed in capturing the tunas are several species of

fj small fishes, mostly of the families Clupeidae and Engraulidae, which occur in

1

1,.:.1 quantities in inshore 'Waters near the high seas areas inhabited by the tunas.

,;1 In the J:.lorthern bait arE?as, north of Cape San Lucas or thereabouts, the
'·i

principal species are California sardines (Sardinops caerulea) and northern

anchovies (Engraulis morda:x) _ Similarly, at the southern extremity of the

fishery, off Peru, quantities of southern anch0vies (Engraulis ringens) are

available. Sardines (Sardinops sagax), as well as smaller quan,tities of a spiny

rJ3.yed fish of the family Xenicthyidae, which the fishermen call Salima, are

taken in the Galapagos Islands. In the tropical seas, approximately between

the

", '. ', \ "
f ",, , ,
, ", .,

,,,,.,.-
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Lower California and Cape Blanco, Peru, the p:rincipal bait species is a

deep-bodied tropical anchovy (Cetengraulis mysticetus), called "anchovet::;1:

by the tuna fishermen. Small quantities of several species of tropical

clupeoid fishes, all lrnmm to the fishermen as "herring", are also taken for

tuna bait from the tropical areas. Bait is measured by the fishermen in

scoops ."' the quantity of fish lifted frcm the bel ... seine to the bait tanks of

the fishing vessel by means of a small dip net, or approximately nine pcunds

of bait fish. The relative importance of the different kinds of bait is

illustrated in figure 29, which depicts the quantity of bait, and. the varieties

used by United states clippers, for the years 1951, 1952 and 1953.

The Inter-American Tropical Tuna Ccmmission

Tne very rapid post-war increase in fisring for yellowf'in and. skipjack

tunas in the eastern Pacific gave rise "to concern as to the effects ot' fishing

on tuna resGurces, and also on the bait resources. Very little scientific

information was available concerning these species of fish, or abcut the current

status of the fishery with respect to conditions iVhich vlCuld provide the

maximum sustained yieJl. In order to make possible the scientific investigation

of tunas and bait fishes, and the effects of the fishery on them, there iVas

negotiated in 1949, and ratified in 1950, a convention between Costa Rica and

the United states establishing the Inter-American Tropical Tuna ccmmission.!/

Under the terms of the convention, the Ccmmission is to gather and

interpret factual information in order to facilitate the maintenance of

populations of yellowf'in and skipjack tunas, and other kinds of fishes taken

by tuna fishing vessels in the eastern Pacific Ocean, at a level iVhich will

permit maximum sustained catches year after year. The Ccmnission is directed

to undertake necessary scientific investigations for this purpose and, on

the besis of these investigations, to reccmmend proposals for joint action.

The Ccmmission commenced its investigations in 1951 iVith a small

scientific staff, iihich has since been augmented by add~tional scientific and

technical personnel. This staff has, during the past fo~ y,ears, made progress

y Panama later adhered to the convention; see paper by VI. C. Herrington and
J. L. Kask, "International Conservation Problems, and Solutions in
Existing Conventions".

,I

J'fF_ po. -TtW -WT
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Figure 29. Quantities of bait fie?ies, by variety, taken by
United States clippers, 1951 to 1953
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in gatheri'nc; scientific information required for the purposes of the convention.

At the outset the biology and ecology of the tunas, and the condition of the

stoc}\:s, ",ere almost entirely unlmcMn. A great deal remaim GO be learned, but,

us ",ill be seen, sufficient informfltion is being accumulated to assess the

General status of the fishery, and to provide a part of the scientific

information required as a basis of future conservation action by member

Governments.

Tlle Inter-American Tropical Tuna Ccmmission is unusual in that it began

its investigations at a stage in the development of the fishery when serious

overfishing had not yet occurred; often adequate scientific research on a

fishery resource is not undertaken until econl. lic distress resulting frcm

overfishing malees such research imperative. Tl1e Ccmmission IS staff has the

opportunity to provide the scientific basis for ma~ntaining the harvest fram

the resource and preventing serious overfishing before it occurs.

Scientific Information Respecting Tropical Tunas

Geographical distribution

Yello,vfin and sldpjack tunas are found in the Pacific in a broad bano.

across the ocean ~xtending on either side of the equator, bounded, approximat?ly,

by the surface isotherms of 200 centigrade. In addition to the ccmmercial

fishery in the eastern Pacific, off the coast of the Amer~ ~~) there is a sizable

amcunt of fishing, primarily by Japanese fishing craft, 0: he western side of

the Pacific, extEnding east",ard among the islands of the central Pacific to the

lcngitude of Hmraii. Both species, together v1ith the bigeye tuna (Parathunnus

slbi) are fished commercially in the seas surrounding the Hawaiian Islands,

and this fishery is expanding southward along the Line Islands to the vicinity

of the equator. Tl1ey are also Imovffi to exist in ccmmercial abundance in the

vicinity of the Marquesas Islands and Society Islands. Exploratory fishing

by the United States Fish and \,r:ldlife Service has shown that yellowfin tuna

occur at various longitudes between the American mainland and the central Pacific.

·-201-
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Figure 30. Map showing geographical distribution of yellowfin and
skipjack tuna catches by clippers, 1953 (according to statistical

areae of the Inter-American Tropical Tuna Commission)
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In the high seas off the shores of the Americas, the yellowfin and

skipjack tuna occur in ccmmerc:i.al abundance from approximately latitude 32
0

onorth to 20 south. At the northern and southern extremes of the range, these

fish appear only during the warmer months of the year, but in the middle part

of the range they are present at all times. Skipjack apparently tolerate

slightly'lower temperatures than ye11owfin, their range extending slightly

further to the north and south; skipjack are scmetimes taken ccmmercially, during

the Wl'l.rmest months cl' the year, off southern California OL the north, and off

Copiapo, Chile, on the south. The present range of fishing by means of mcdern

high seas fishing craft covers almost the ccmplete span of latitudes, E::xtending

frcm the northern extremity to about Callao, Peru. The commercial fishing

area extends offshore frcm the ;nainland abcut 3CO miles, except where there

are outlying islands (nevillagigedo, Clipperton, Cocos, Galapagos), where it

reaches out even farther to include the seas near such islands. Within this

range, tunas are not found everywhere in equal abundance but al"; concentrated

in certain localities which, as explained later, appear to be particularly

favourable feeding areas, determined by oceanic circulation.

The geographical die _ribution of the catch frcm the eastern Pacific, and

the areas of concentration, may be illustrated by the catches for 1953 by tuna

clippers based in the United states, which keep accurate log-book records of

their operations for the Ccmmission. The catches of yelluwfin and skipjack

tuna by these vessels during that year are shown in figure 30 for each area

one deGree square in "lhi~h fishing was done. Hhile there is sone variation

frcm year to year, the main centres have remained ne5rly the same for recent

years for which such detailed records are available.

Population relationships

Since yellowfin and skip jack tunas occur all the way across the Pacific,

it is important to ~JlOW whether the fish captured in the eastern Pacific fishery

are members of populations confined to that region, or whether they are

representatives of larger populations which migrate freely throughout the

transoceanic range of each species. Knowledge of whether the members of these
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species in the eastern Pacific belong to populations distinct fram those

farther "estHard is of importance in (a) gauging the magnitude of the catch

in relaticn to the mae;nitnde of the resources; (b) determining the region in

Hhich it is necessary to conduct research; and (c) determining the geographical

extent of jurisdictional arcas for conservation management.

iJith respect to yello\-lfin tuna, it has been tentatively concluded that

the resource supporting the American fishery is distinct from those farther to

t.he west. 'Three lines of evidence support this: (I) morphcmetric ccmparisons

of specin:ens frcm the American area with specimens frcm French Polynesia and

with specimens frcm Hawaii reveal rather large differences in fin lengths and

bcdy proportions; (2) ~agging by the California State Fisheries Laboratory of

yellc,rfin off the Americas has resulted in no recoveries frcm the ccrrmercial

fisheries to the Hest; and (3) analysis of statistics of fishing intensity

and populetion abundance, discussed below, indicate that changes in fishing

intensity have mea::;urably affected abundance, which would be unlikt:!ly if' the

fishery Fere supported by a large, transoceanic population "hich is unfished

thrcughcut ffiuch of its range.

Hith respect to sld:)jacl<: tuna, similar conclusions cannot yet be d"Cawn.

Hcrl:hcn:etric studies do show indications of differentiation between American

fish and specimens frcm farther westward, but the data in hand are not yet

adequate fcr firm conclusicns. Tagging has resulted in no recoveries frcm

r.utside the range of thr American fishery, but such negative evidence is not,

by itself, a sufficient basis for conclusions. Analysis of statistics of

fishing intensity and abundance of skipjack - unlike yellowfin - does not

reveal any measurable effect of fishing on abundance. The question, for this

species, is therefore still open.

It is, of course, of very great importance also to determine whether within

the regicn of the east Pacific fishery these species are further sub-divided

into distinct or semi-distinct 'pulations, or stccks, which should be considered

separate biological units in th.... managen:ent of the fishery. Preliminary

investigation of this problem by ccmparison of morphcmetric data indicates that

this technique may not be adequate, because of inability, for technical reason::"

to distinguish pmall Jnatcmical differences. Tagging may indicate the range
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of migTations of specimens tagged in different ::. ::Jcations and so determine the

degree of intermingling. During the past two years, the California state

Fisheries Laboratory has ccmmenced such taggi.ng experiments, With encouraging

results, but it is too soon for definitive conclusions. Migrations up to six

hundred and seven hundred miles have been recorded for seme specimens at liberty

for abou:t a year. Many specimens have, how·ever, shown rather small movement

in the same interv31 of time. It appears that these tunas do not d.Ufuse

rapidly throughout the range of the fishery, but thi8 dces not preclude cemplete

mixing at a slower rate.

Information frelli the size cemposition of catches may also be brought to

bear on this problem, since) if the stocks are heterogeneous, consistent

differences in size cemposition persisting in a geographical sub-region may be

taken as evidence that separation of populations is being maintained. Here,

again, not enough data have yet been gathered along this line for such purpose.

Pending solution to these problems, the Ccmmission is collecting data on

fishing effort, yield and tuna abundance by the smallest practicable

geographical sub-areas, so that they may be recembined according to such

natural boundaries as may exist.

Information on life history, ecology and behaviour

The yellowfin and skipjack tunas are creatures of the high seas. They lead

a cempletely pelagic existence throughout their lives. Owing to their

cempletely oceanic habitat, the otudy of their biology and life history is

technically difficult and expensive, in consequence of which very little has

been known concerning them until recent years. During the past decade, however,

seme fishery scientists of Japan, the United states and other countries have

devoted ,intensive efforts to this group of fishes, so that former ignorance is

being replaced b;y seme knowledge of the more important aspects of' their biology.

The yellowfin and skipjack tunas, during their early years of life at

least, aggregate in~o schools near the surface. This behaviour is the basis

of the fishery in the eastern Pacific, since both the live bait and the

IlUrs~-seine methods of fishing depend on the occur'rence of sizable schools for
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efficient cap·cure of the fish. Sldpjack tuna in cClilIIlercial catches range in

size frcm about three to thirty-five pcunds. Yellowfin tuna in the catch

range frcm about six to two hundred pounds, most of the catch consisting of fish

of under forty pounds. Analysis of size frequencies indicates that, for both

species, the bulk of the catch consists of members of only three or four age

class~s, the youngest fish bejng probably in their first or second years of life.

The smallest sizes are not represented in the catch in proportion to their

abundance in the sea, both because of the selectivity of fishing methcds at very

small sizes, and because of a legal requirement in the state of California,

Vlhere the bulk of the catch is landed, that skipjack be over 4 pounds

U~6 centimetres) and yellO'rnn be over 7-1./2 pounds (57 centimetres). At

very large sizes, the yell~vfin tuna beccme partially unavailable to the surface

fishing methcds in use in the eastern Pacific, owing to vertical migration to

greater depths. In the western Pacific and in the vicinity of Hawaii, these

large fish are captured ccmmercially by means of pelagic long lines, fishing as

deep as 90 fathcms. No ccnnnercial fishing by this method has been developed

in the,;>eastern Pacific. Experimental fishing by the Inter-American Tropical

Tuna Ccnnnission, the Scripps Institution of Cceanography, the California State

Fisheries laboratory and other agencies, however, has shown that, particularly

in the vicinity of the equator, these large subsurface yellowfin also occur in

the eastern Pacific. There is no evidence that the skipjack behave similar],

since this species is not taken, except infrequently, on long-line gear. ThiS,

hmrever, may be due to selectivity of the gear rather than absence of the

species in subsurface layers of the saa.

It has been sh~m that the tunas tend to school by sizes, so that the

members of a school are more similar in size than in a randcm sample of the

population. Sampling of the landin.rrs to obtain a representative sample of the

catch therefore involves drawing samples frcm a sufficiently large number of

different schools to average cut this source of statistical error. This is done

by taking samples frcm the catch of several different vessels, and for several

different fishing days for each vessel, for each geographical area and time

period considered. The Ccmmission, in co-operation with the California State
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Fisheries Laboratory, has in routine operation a programme of sampling landings

to determine the size ccmposition of the catch for each month of the year

for six geographical regions of the fishery. These data are expected to yield

information on age and grm-rth, on total mortality rates and on the population

structure of the resources. The programme has not' been iL operation long enough
t': to draw conclusions respecting the latter tyTO matters, but seme information

I
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analysed.

respecting grov~h rates is forthcoming.

It appe~rs, frcm, the occurrence and time progression of modes in the length

r'A frequencies, that both the yellmTfin and the skipjack tunas are relatively rapidly
..It [!;ro\ving species, the commercial catch being composed primarily of only about

i'j three age groups in each case. Determination of age is tentative as yet, since

checking aging by marks on hard parts has not 1 so far, proven successful. From

the positions of the modes of the size frequencies, however, it appears certain

that the youngest age group of yellowfin tuna in the commercial catch cannot be

over tvTO years old and is probably but one year old. Determination of age at

first capture of skipjacl;: is less certain from presently available data, but it
i<
f' tentatively appears that the youngest age group is tHO years old. For both

l, species, growth and turnover of population therefore appears to be very rapid.

I! Spawning of trapical tunas occurs over a wide geographical range, and the

spm-ming season is quite long. Indeed, in the Vicinity of the equator,

investigations, both by the Commission and by the unit of the United states Fish'

I' and Wildlife Service operating from Hawaii, indicate that some spawning takes
n

1

1.,..••.•.:.:•.•",•.•.•..:.. place throughout the entire year. In these circumstances, large variations in
= year-class strength are less likely than for species having a restricted

spavming area and a short spawning season.
<,~

i:

[i
f:;
f;

A very large number of eggs are spawned by each female. Investigations in

Havraii h2.ve shmm, for example, that a lOO··pound yellovTfin produces over

2 million eggs at a single spawning, and that each fish may spawn more than once

during the year. Material for fecundity determinations, for both yellowfin and

~. skipjack frcm the eastern Pacific, have been collected but have not yet been
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Figure 31. Map showing relative ab\lIldance of zooplankton organisms
m the eastern tropical Pacific, 17 May to 27 August 1952
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Numbers represent plankton volumes at stations occupied. Contours of plankton concentrations
are Ihown for regions of high volumes (over 75 cubic centimetres per thousand cubic I1Etres) and
for very low volumes (Ulider 25 cubic centimetres per thousand cubic metres).

Source: Shellback Expedition, Scripps Institution of Oceanography, University of California.
Contours off Lower California are bared on supplementary data from other cruises.
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The pelagic eggs hatch in fewer than forty-ei~ht hours. The eggs and

larval stages are taken from the surface to at least 2CO metres depth in planl~ton

net hauls. Juveniles frem about one to ten centimetres have been collected by

light and dip net, at night, at oceanic stations off the Central American coast,

and else,vhere, and have also been collected frcm the stomach contents of adult

tunas and other pela~ic carnivorous fishes.

Uith respect to feedino; habits, investigations by the Ccmmission's staff

Li the eastern Pacific, and by investigators of other agencies in other parts of

the Pacific, indicate that the tunas feed quite cmnivorously on all forms of

pelagic animals ot suitable size encountered on the high seas, ranging from

euphausids and squilla larvae, to fairly large cephalopeds and fishes.

Migration patterns of tunas in the eastern Pacific are not yet clear.

Extensive tagging experiments have been instituted by the California state

Fisheries Laboratory, and these will be augmented by the Ccmmission in the

near future. Results as yet are insufficient to determine seasonal migration

patterns.

As illustrated in figure 30, above, showing the geographical distribution

of catches by tuna clippers during 1953, the tunas are concentrated in certain

areas. There are such regions of concentration off LovTer California, in the

vicinity of the Gulf of Tehuantepec (only during the early part of the year),

off the coast \.." ~er..tral .America, in the region l;ying off the coast of the

northern part. ('T 'Jcuth Amn:rica and in the vicinity of the Galapagos Islands.

These regions OI' concentr."-~_'on correspond, in general, ,vith regions of high

preduction of foed organisms, as indicated by the volume of zooplankton per unit

volume of ,-rater • This is illustrated by figure 31, sho,-Ting the distribution of

planl<;:ton volumes obtained on a fairly recent oceanographic expedition. The

zooplanl~ton is, in major part, a step lower in the foed chain than the ~nimals

,"hich tuna feed on, but it is expected that the organisms on ,-Thich the tuna feed

,",culd be most abu.ndant in regions ,vith a high standing c,,:,op of zooplanldon.

It further appeal'S that these regions of high production _ of zooplanldon organisms

are also regions where the surface waters are enriche:c by basis nutrients brought

-209....
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up frcm deeper layers by upwelling, or by mixing along major current

boundaries. It seems logical to hypothesize that regions which are fertilized

by these physical processes support an abundant growth of primary - plant 

producers, \vhich in turn support an abundance of organisms higher in the food

chain, culminating in the tunas which are harvested by man. Since the

oceanographic regj~e, to which the tunas seem to be so closely related, is not

constant but is subject to variations between seasons and years, it is important

to achieve understanding or the details of oceanic circulation, and the causes

of its variations. This is, of course, a very large problem, which has just

begun tu be explored.

Effects of fishing on the resource, and current status

The central problem of the Inter-American Tropical Tuna Ccmmission is

determination of the effect of amount of fishing on tuna reRources, \'lith

particular reference to determining \Thether the present level of exploitation

is above or belmT the level corresponding to maximum sustainable harvest.

Fundamental to the investigation of these matters is the measurement, over a

series of years enccmpassing different levels of. fishing intensity, of

the abundance of the tunas, the intensity of fishinG and the total catch.

Such n:easuren:ent::; are most c':nveni~ntly obtained frcm the detailed

records of the fishery it.self. A very great part of the labour of the staff

has; therefore, been directed towards collection and compilation, on a continUing

basis, of detailed information regarding the amount of each species caught,

the dates and locations of fishing, and the effort required to make the c8Gches.

Since data for a series of years are reqUired for proper analysis and

interpretation, the staff has bent its eff.orts to obtaining pertinent data not

only for current years, but also for past years, before the establishment of

the Ccmmission.

Information respecting the tots,l catch of each species frcm the eastern

Pacific is available since the very early days of the fishery'fram the records

of tuna canners and of government agencies in the United states and other

countries \'There fish are landed. These statistics have been ccmpiled for past

years (see figure 27, above) and are collected currently on a continuing basi~.•

-210-

Digitized by Dag Hammarskjöld Library



.zed

led

not

lrtant

lses

;t

lon

a

~f

Ginuing ,~

r~
:,1
':(
t-~

~~

cches. .j

not .~

Df
:~

I
~~
f~

rn l~~
Drds N,i

[11
'~

t~

[:last I
9.si~•• I

In order to measure the relative abundance of each species of tuna as

encounteTed by fishermen, tuo kinds of measurement are available, the catch

per day's absence frcm port and the catch per day of tuna fishing. Frcm

records of quantities of tuna landed and number of days absent frem port, which

are obtaineQ frcm nearly the entire fleet of vessels landing their catches in

the United S~ates - accounting currently for aboot 90 per cent of the total

catch - it is possible to ccmpute the averae;e catch per day of absence frcm port.

For seiners this provides a measure of the abundance of the tunas, since they

fish for tunas directly with nets. For clippers 1 hOvTever, this measures the

ccmbined apparent abundance of tunas and prior success in catching the live bait

employed in this fishing methcd. If', however, the percentage of the time

absent frcm port that is ::.pent in tuna fishing is relatively constant, the

catch per day~s absence frcm port measures the apparent abundance of the tunas.

Fortunately, as vTill be shmm, this appears to be the case. Measurement of

the catch per day's absence from port has the great practical virtue that

records are available to ccmpute it for nearly all vessels engaged in the fishery

oY~r the past t'fenty years, so that it may be employed to study major changes

which have occurred as the intensity of fis~ing has changed over that period.

A Dlore exact measurement of average abundance of tunas as encountered l:.y

fishermen is provided by the catch per day of tune fishing. This is computed

frcm log-book records of days actually spent fishing for tunas, and the

resulting catch. Current data are gathered by means of specially designed

log-books, prOVided free to fishing captains by the Ccmmission. A specimen

page of such a log-book is shown in figure 32. Since 1951, when the Ccmmission

cemmenced its investigations, over 80 per cent of all trips made by vessels

landing. in the United States have been covered by such log-books. For earlier

years, a number of vessel masters had fortunately kept log-book records for

their mm purposes, and have kindly made them available to the CCIriII1ission.

A fairly adequate sample of the landings is covered by such log-books since

1947, and seme log-books are aveilable back to 1930.

Because the efficiency of fishing varies with the size of vessel, the

CC1llIllission ccmpiles basic data respecting cp'~h per unit of effort by six

size categories, based on tuna carryi!" capacity. Frcm comparison of records
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of vessels of differen:t size during the same years, it is possible to derive

correct.ion factors, so that the catch per unit of effort (catch per d, 'TiS

fishing or catch per day's absence frcm port) ma~r be expressed in stanQard units

(catch per unit of effort in terms of a given size category taken as standard)

to correct fa!' changes in the size ccmposi+ion of the fishing fleet over

the years.

In records available frcm 1... ..J to 1953, frcm the catch per day's fishing

based on clipper log-book records, ccmpared w'ith the catch per day's absence on

the same trips, it has been possible to show that there is a rather constant

relationship betvleen the t"TO. This is illustrated in figure 33. The lower

panel shows, for yellovrfin tuna, the mean catch per day's fishing and the mean

catch per day's absence frcm port for each category of vessel for each year

during which data for a specified number of trips vlere available for calculating

both averages. It may be seen that the points cluster fairly closely about a

trend line. This indicates that the catch per day's absence frcm port may be

taken as a reasonably good means of estimating the catch per day's fishing and

therefore probably also a fairly goed method of estimatinB the apparent

abundance of this species as encounteTed by fishermen. In the upper panel of

chart 33, the same sort of information is shown for skipjack tuna, vnth

similar results. For skipjack, only the four smallest size categories of

vessels are shovm, the two largest classes bejng emitted because analysis of

relationships betw'een landings of the two species has shown that for the t't-TO

largest classes of vessels, the amount of time spent fishing for skipjack is

influenced by the abundance of yellovrfin, whereas this dces not appear to be

true for the smaller size classes of vessels.

C~mpilation of information has been completed respecting the total catch

of both species of tunas frem the easter:!l Pacific, and the catch per day's

absence from port for an adequately large sample of the fleet frcm 1934 to

1953, inclusive. Frcm the catch per day~s absence, in standard units, and

the total catch, the total relative intensity of fishing for each year may

also be compu.ted.
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This series of statistical measurements of the amount of fishing, yield

snd apparent abundance for the population of each tuna species as a whole in

the entire eastern Pacific gives results of importance. In figure 34 are shown

for yellowfin tuna: (a) the total landings by all vessels and all types of

gear, a measurement of yield; (b) the catch per day t s absence frcm port of a

large sample of United St~tec clippers, standardized to a class 4 clipper, a

measure of abundance; and (c) the calculated amount of total fishing effort,

in terms of' the number of days absent frcm port of a standard class 4 clipper •

It may be seen that as the amount of fishing increased frcm 1934 to the time

of the entry of the United states into the Second World itJar, the catch

increased, but the catch per uniof-, of effort declined rather steadily. With

the decrease in fishing effort during the early war years, yield declined

but abundance increased sharply. Beginning in 1945, the amount of fishing

increased rapidly for a few years, resulting in increased yield but decreased

abundance. In recent years, intensity oL' fishing has exhibited a slight

upward trend while the corresponding downward trend of a'l:>undance is likewise

small. The fishery appears to be stabilizing; with a yield scmewhat belO\.

the peak yield of 1950.

It seems valid to conclude from these data that the intensity of fishing

has been sufficiently great to affect the average abundance of yellowfin tuna.

This is, of course, the inevitable result of effective exploitation ai' a fish

population, and indicates only that the rate of catch is at a sufficiently

high level measurably to affect the average size of the standing crop. In

itself, it tells nothing about the relation of the present J-evel of exploitation

to the level of maximum sustainable yield.

To obtain scme idea about this latter point, in figure 35 the total catch

is plotted against fishing intensity, using the same data as in figure 34 •

This graph also ShOi'lS a theoretical curve of equilibrium catch (average

sustainable yield) against fishing intensity, based on the assumptions that

the yellO\vfin tuna population aggregate considered here has a population grO\vth

curve of the form of the Verhulst-Pearl logistic, and that the mean equilibrium
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Figure 34. Yellowfin tuna catch, catch per day's absence from port and
fishing intensity in the eastern Pacific, 1934 to 1953

he

be

J_..,...~r--r--r--,--r--,...-r-...,-r-..,..-!:--.,-'--r---,~...,..-,......--t- 0
o 41 43 44 45 46 47 48 49 50 51 52 53
1034 35 36 37 38 39 40 41

Total catch
(Millions
of pounds)

le

li

th

i

to

th

th

mu

as

, ge

o

le

20

60

eo

40

Total catch (millioDll of pounds)

.\ //

/\ /
\ -'~"-y.' \ /
y'r~",,,- ',. " ...........«.,
. v "! ,

.f-Intensity of fishing effon '\ 30
./ (thousands of days

"'._._._..... // absent from port)
/ " ./-'--" . ..,..-------....... ,._._...-.

Catch per day's absence from port, standardized
to class 4 clippen (hundreds of pounds) /\...._ 7 \

..... --- _.... / \- , / \
'--"\ / "\ /

\ /
\ I
v

40

60

Catch per day's absence
from pon

(Hundreds of pounds)

Fishillg intensity
(Thousands of days absent)

10

100

120

140

.80

110

220

200

240

Year va

th

ca

..216
Digitized by Dag Hammarskjöld Library



>rt and

,'s absence
lOn

)f pounds)

tensity
days absent)

70

60
./

./
/ !l0

/
v<.

40""
ffon " 30

"s \, 20

le

0

.1 52 53

popu".,tion is in linear relation to the amount of fishing effort. It should

be noted th'3.t these assumptions may be only approximate, and also that, ovling

to the rather large variability of catches frcm 1947 to 19)3, the theoretical

curve may not prove to be quite correctly fitted. Hith these reservations,

however, it appears that the present level of fishing intensity for yell~v.fin

na in the eastern Pacific is, in the aggregate, near, or perhaps slightly

beyond, the level corresponding to maximum sustainable yield. While the

foregoing conclusions are valid for the aggregate of all yellowfin in the

eastern Pacific, if it turns out that tl~ere are, in truth, several separate

populations involved, it is possible, and indeed probable, that they may be

in quite different stages of exploitation; scme of them may be underfished

"hile others are overfished.

Although the fishery for yel16v~in in 1953 apnears to have reached a

level of intensity near the level of maximum sustainable yield, there is no

likely imminent danger of serious overfishing. Owing to econcmic conditions,

the intensity of fishing decreased in 1954, and did ne ~ premise to increa.se

in 1955. Financial returns frcm the fishery are such that building n~~ vessels

to replace normal losses is not econernically attractive, as a resu.lt. of which

the fishing fle£t has been shriw(ing since 1951 (figure 36). In 1952 and 1953

the intensity of fish:Ll1g was maintained by fuller use of existing vessels, but

. in 1954 the actual intensity decreased~ and no inc:re2.se·was expected in 1955.

~ Similar statistical data for skipjack present a quite different picture •

I In figure 37 are charted far this species measurements of yield, fishing effort

and apparent abundance, again with the entire eastern Pacific considered as a

single unit. It may be seen that, for this species, apparent abundance has

exhibited very "Tide fluc:tuations not related to the amount of fishing. The

general ievel of catch per day! s absence f'rcm port in recent years, with very

much greater fishing effort and total catch than before the war:J is as high

as formerly. Biological data are not n~f adequate to determine whether the

variations in apparent abundance are due to variations in avialability to

the fishery, or to variations in actual abundance in the sea, 14.hatever the

causes of the variations, it appears frcm fi~e 37 that effects of fishing at
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Figure 35. Relationsi£ip between fishing intensity and total catch of yellowfm
tuna in the eastern Pacific, and estimated relation between fishing

intensity and average equilibrium catch, 1934 to 1953
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Figure 36. Number of clippers fishing regularly from United States
west coast ports, 1932 to 1953
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Figure 37. Skipjack tuna catch, catch per day's absence and
fisbing intensity in the eastern Pacific, 1934 to 1953
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present levels on the abundance of skipjack are so sm11 that they cannot be

detected in thE: presence of variations due to other factors. It ''1Ould appear

that the skipjack resource being tapped by the eastern Pacific fishery Can

support a greater intensity of fishing before reaching the point of maximum

average sustained yield.

Simultaneous occurrence of yellm-Tfin and skip,iack

The t"l'O tuna species occur very generally at the same places at the same

times. Rcmetimes they are found in mixed schools, containing a mixture of

members of the t"l'O species of similar size. Often;! however, the species are

schooled separately. It appears likely, frcm investigations to date, that the

ye11m-Tfin tuna resource is in a more advanced stage of exploitation than the

skipjack resource and that in an unregUlated fishery the level of fishing

giving maximum sustained yield of yello,v.fin will therefore be passed before

that for skip jack is attained.

T\fO ccurses of action are possible at such time as it beccme: necessary to

establish conservation regUlations: (a) action to maximize the sustained

average catch of each species individually; or (b) action to maximize the

sustained average catch of the aggregate of both species. The first course of

action would result in a greater total sustained average catch than the latter,

providing that it is possible, in practice, to design regulatory measures that

differentiate control of fishing for yello,-Tfin frcm fishing for skipjack. The

practicality of such measures involves considerations of great ccmplexity,

both ,fith respect to the behayiour of the fish and 'fith respect to juridical;!

political and econcmic matters. The scientific staff of the Caonission is not,

at this time, prepared to make recommendations on this subject, since the

scientific information respecting the behaviour of the fish is as yet

inadequate for this purpose.
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The experiment of joint international regulation of the halibut fishery in

the Northeastern Pacific Ocean by the nations directly involved has been both so

unique and so successful as to set a pattern for the management of international

coastal fisheries. A fishery which had been disastrously depleted by unrestricted

fishing has be~n so restored as to be one of th~ best stabilized and most

profitabJ.e to its fishermen.

lfuen fishermen of the west coast of the United States and Canada despairingly

demanded action by their Governments, the International Fisheries Commission'

(now called the International Pacific Halibut Commission) was established by

treaty to investigate the situation. Intensive scientific research convinced

the Ccmmission that overfishing was the cause of the depletion and that soundly

conducted joint international management by the two nations could restore the

abundance of fish and the catch.

A new treaty then granted regulatory powers to the Commission. These powers

have been so effectively exercised that the ~lual catch has been increased more

than fifty per cent, and the entire catch is secured with little more than

one-half the fishing effort. In 1954 the catch was the largest in all history.

It is believed that the experience of the Commission can be of value to others

concerned with the management of marine fishery resources. The success achieved

to date by the joint action of the two countries, each vitally interested in the

outcome, may be a source of. encouragement to other countries with a joint interest

in some resource of the sea. In the following sections a brief summary is given

of the condition of the fishery prior to regulation, the methods of regulation

used, the results achieved and the new management problems that must be solved

in order that maximum sustained yield may be achieved. Detailed information will

be found in the references.

Early History of the Fishery

The commercial fishery for halibut ic the northeastern Pacific began in

""] 1888 off the southern end of Vancouver I~land (figure 38). From the beginning

it has been an international deep sea fishery, prosecuted jointly by the

nationals of the United States and Canada, principally in extra-territorial

waters but within 100 miles of shore.
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Increasing markets constantly brought about the addition of new and more

efficient vessels to the fleet. Improvements in types of construction, in

power and in methods of fishing enabled these vessels to extend their operations

to more and more distant banks as fishing on the more accessible banks became

le8S profitable.

-The fishery expanded rapidly in sheltered wa~ers and by 1910 extended

some 700 miles northward to Cape Spencer in southeastern _~aska. Subsequent

expansion took the fishery into unsheltered offshore waters, south to Oregon

and California and north into the Gulf of Alaska. After 1920, the fishery

expanded westward beyond Kodiak Island. By the late ~neteen twenties, fishing

was being carried on throughout the commercial range of the halibut, from

northern California to the Bering Sea, a distance o~ more than 2,000 miles

(Thompson and Freeman, 1930).Y

Early in the history of the fishery, it was recognized that the supply of'

halib~t on the older balli~s was being reduced rapidly, but no general concern was

sho,m. Declines in yield from the older banks were more than offset by gains

in yield from the newly eA~loited ones. Total landings continuedto increase

until they reached 69 million pounds in 1915.

Events after 1915 changed this complacent attitude. Scientific investigations

demonstrated a sharp decline in the abuncance of halibut on the older banks

(Thompson, 1916). Annual landings declined quickly to about 50 million pounds

and were maintained at that level only by increased fishing effort and the

exploitation of new banks. The decline led to demands for joint action by the

United states and Canada to conserve the fishery, which culminated in the

Convention for the Preservation of the Halibut Fishery of the Northern Pacific

Ocea~ and Bering Sea, signed in 1923.

The convention established an annual winter closed season of three months,

corresponding to the spawning season of the halibut. It prOVided for the

appoin~ment to the International Fisheries Commission of four non-salaried

members, two from each country, to make an investigation of the fishery and to

recon:mend measures for its preservation. .eAch country undertook to pay the

expenses of its own members and one-half of the joint expenses of the Commission.

The Commission has alw~ys acted as a unit, not as two national sections~

Y References in parertheses are to the bibliography at the end of this paper.
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At the outset the Commission established the practice, which has been

consistently maintained, that thorough scientific investigation shall precede every

decision. It assembled a small scientific staff headed by a Director of

Investigations and, in 1925, began a programme of statistical and biological

research. It undertook the collection and analysis of all available historical

information and of all existing statistics of the fishery and made the current

collection of such data a part of its continuing program~e. Its biological

investigations included studies of migrations, racial characteristics, age and

gro\~h, age of maturity, fecundity and spawning, and early life history

(International Fisheries Commission report, 1928).

Life and Habits of the Halibut

The h.alibut, Hippoglossus stenolepis Schmidt, is the largest of the

flatfishes. It lives principally on the bottom over the continental shelf from

very shallow water to depths as great as 1,100 metres. The species occurs in

commercial quantities on the coast of North America upon grounds with bottom

temperatures ranging from 30 to 80 centigrade, betueen the southern part of

Bering Sea and northern California. It is found in greatest abundance, as

indicated by pounds caught per unit effort, at depths ranging from 45 to 450

metres, the depths varying with the season and section of the coast (Thompson

and Van Cleve, 1936). The original centre of greatest abundance appears to have

been off the coast of British Columbia, but fishing has markedly altered both

the absolute and relative levels of abundance throughout its range.

Male palibut mature from five to eleven years of age, with an average of

nine years. The females mature from eight to sixteen years of age, with a

mean of twelve, and are therefore much more susceptible to overfishing than are

the males. Spawning occurs principally in Decemp~r and January in well-defined

spawning areas, at depths from 275 to 400 metres•. The number of eggs produced

by mature females is large and increases approximately as the weight (Kolloen,

1934).
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Larval and post-larval development lasts from six to seven months 0 The

larvae and post-larvae drift passively \Vith the currents at depths down to

750 metres, gradually rising to the upper levels as development progresses. The

post-larvae drift with the surface currents into shallow inshore waters where

they settle on the bottom (Thompson and Van Cleve, 1936). Hith increasing size

and age, the young move into deeper waters and gradually become available to the

commercial fishery.

The fishery on the southern groundSY is dependent mainly upon individuals

seven to eleven years of age, with a considerable contribution by individuals up

to sixteen years and a small contribution by the six-year olds. On the western

groundsY the fishery depends principally upon fish eleven to seventeen years old,

with some contribution by older fish and some by fish down to seven years of age

(Int8rnational Pacific Halibut Commission report, 1954).

Growth in weight ranges from 15 to 30 per cent or more annually, depending

upon age and grounds and probably other factors. It appears to continue

thrcughout life, though the rate declines with age. The females grow faster than

the males upon the same banl~s, live to an older age and reach a much larger

size (nlompson and Bell, 1934).

The halibut is relat~vely long-lived, individuals over twenty years of age

being quite common. Its longevity is a fundamental consideration in the

development of any research or man"gement programme. A considerable number of

years is required to complete each population cycle, and the populations present,
at any time are the product or conditions during many earlier years.

Populations

A~certaining whether the halibut on the numerous ba~s were a single

biological unit or whether they formed several independent units was a

prerequisite to determining their condition and what must be done to preserve

them (International Fisheries Commission report, 1928). Tagging experiments

Y The "southern grounds ll lie between Hillapa Bay, Hashington, and Cape Spencer
in southeastern Alaska and correspond to IIArea 2", established by the
Commission for regulatory purposes. The "western grounds ll extend ,vestward from
Cape Spencer to the Aleutian Islands and correspond to "Area 3 11

, recently
divided into "Area 3A and Area 3B".
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on important fishing grounds, between Vancouver Island and Unalaska Island,

where over 98 per cent of the co~mercial catch was taken, showed that the

mature halibut migrated widely within limits whereas the irrmature migrated

very little. They revealed that the halibut to the west of Cape Spencer,

Alaska, were practically independent of the hslibut to the south of Cape Spencer

and that the halibut in the two regions must therefore be considered and treated

separately (Thollipson and Herrington, 1930). The regions containing these two

groups of populations were subse~uently established as separate regulatory areas,

Areas 3 and 2 respectively, and are so designated hereafter.

It was also found that there were few mature halibut in the southern region,

and that the i~mature ones were divided into a number of smaller population

units that were not only independent of the western group but also largely

distinct from one another. Some of these population units might have been

treated separately but, because they were all in about the same biological

condition, could also be considered together (Thompson, 1936). Because it

would be advant~geous from an administrative standpoint to deal with as few

stock units as possible, the smaller llnits in Area 2 were treated as a group

until 1950.

Corroboration was sought and found in other investigations. Age studies

revealed that the western stock21 consisted of slower growing fish and contained

more and older age classes. Morphometric studies indicated differences in body

proportions and in numbers of vertebrae and fin rays. Studies of the

distribution and draft of the eggs and larvae shmoJ'ed that the stock in each

region was dependent upon its mm spa,mers for its supply of eggs and young

(Thcmpson and Van Cleve, 1936).

Mere recently, the small stock of halibut in southern Bering Sea has

been studied to ascertain whether it is a dist~nct unit or part of the large

population found south of the Alaska Peninsula. Hydrographic conditions

unfavourable to spa,ming that exist in Bering Sea, the results of tagging

21 'The term "stock" is used here and elsevlhere instead of "popUlation" to
avoid the implications of unity and continuity usually associated with
the latter term. Recent investigations strongly indicate seme lack of
unity even among the mature fish in Area 2 and in Area ,.
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experiments, and the lack of females beyond the L1sx:i.mum age of immaturity in

Bering Sea all indicate that the latter is the case.

Q2ndition of the Stocks Prior to Regulation

Following the definition of the two major stocks of halibut, it became

possibl~ to evaluate the cond~tion of each and the effects of unrestricted

fishin~. From the inception of a significant co~mercial fishery on the

southern stocks in 1888, annual landings from Area 2 :increased slowly and were

well below the 10-million pound level as late as 1899. Subsequent growth of

the fleet brought landings from Area 2 to the 50-million pound level by 1907,

and to 59.5 million pou~ds by 1912, when all important grounds within the area

vTere under exploitation. After 1912 the annual yields fell precipitously,

in contrast with th~ amount of fishing, which declined slightly as a result of

war-time conditions. Aftp.r the First World War, two successive sharp increases

in fishing, from 1919 to 1921 and from 1927 to 1929, produced only temporary

increases in annual yield and on each occasion the catch de~lined to lower

levels than had prevailed prior to each increase of f:ishing.

By 1930 the annual catch from Area 2 was only 21.4 million pounds, about

38 million less than in 1912, although all sections of the area were being

fished intensively by a large fleet during eight months of the year (Thompson,

and Bell, 1934; Bell, Dunlo}) and Freeman, 1952).

The annual catch from the wester~ stocks, in Area 3, increased rapidly from

the beginning of that fishery in 1912. It reached 24 million pounds by 1915.

Thereafter until 1918 annual, landings decl~ned although the amount of fishing

remained relatively constant. From 1922 to 1929, continwms grmv';;J, of the

fleet·caused a fourfold increase in the amount of fishing. The catch paralleled

the ircr~ased fishing for the first two years, until 1924, in which year it reached

26.2 million pounds. Subsequent sharp increases in fishing failed to produce

any material increase in yield from the area as a whole. On the longer fished

grounds in the eastern two-thirds of the area, an active de~line in yield occurred

after 1925, in spite of successive increases in gear fished. In the entire area

the annual take from 1925 to 1930 'was maintained at about a 28-million-pound

level only by extending the fishery to the most distant grounds.
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1 1931~ the catch from Area 3 as a whole totalled only 21.5 million

pounds, or 4.7 million pounds less than in 1924, although fishing was muCh more

intense and all grounds in the area were being exploited.

It was evident from the statistics for each area that the trends in yield

were largely attributable to the changes in the amount of fishing (Thompson

and Bell, 1934,; Thcmpson, 1952). In Area 2 a reaction pattern involving a rise

in catch with increased fishing and a subsequent decline of catch to a lower

level than at the outset was :epeated three times, the level of yield decreasing

with each successive cycle. In Area 3 as a whole, the same pattern was evident

during the 1926 to 1931 period" though not so distinct on accOlmt of tu.:.

expanding range of the fishery. Its continuation after 1931 Ifas prevented :~r

regulation, whicu reduced and held fishing below the ~925 l~vel.

The combined catch from Areas 2 and 3 reached 68.7 mi:. 'n pounds "! n }.915

but de,clined rapidly thereafter to an annual level of approxima;.~ly jO t,:Ll]_ion

pounds. The precipitous decline after 1915 can be attributed to the ~ombinauion

enough to overshadow natural fluctuations, if any occurred.

from port. It was clear that costs of operation~

intensity, had been a major factor in determining

from one ground to another and that the impact of

of unfavourable recruitment, growth and mortality conditions which must have

existed. in the dense virgin stocks then in Area 3 and to the declining yields

resul~:ga::::a:::r:~s::~~b~:,~:ai:~catedby the cat~h per unit effort, '.J

decreased greatly in both areas with increased fishing. The catch per unit ~

::::::::::~::~:::::::::~:~::~::;:~~~~a~~~:5~::~e:~:::iOnsof ~
Area 3 when these ""re exploited intensively. The decline was sharp d=ing each ~I

period of increase in fishing intensity and tended to cease during periods of I;

stable fishing, indicating that the decline was caused by the increase in fish~ng. ~I•.,.;.•",;,'
'The relative abundance of halibut on d:i,fferent parts of the ,coast had been ~i

markedly altered by the fishery (Thcmpson, Dunlop and Bell, 1931). The high

primeval abundance off the northern British Columbia coast had disappeared and ~

:-t::u::~c::~'::~a::":; ::: ;h::O::ome:a;:a:-:::u:::o:':'~n.:e::tance I
I
I

LW
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The annual closed season of t~ee months, established by the reaty of

1923, pro~ed economically desirable. It prevented fishing during the hazardous

sud often less profitable winter months and el ,~inated the great lan~tngs made

when fishing was conducted upon concentrations of mature fish on the spawning

grounds in Area 3 (International Fisheries Ccmmission report" 1928). However,

the fishery was still at ~iberty to increase indefinitely during the remainder

of the year, which it did, thus largely nullifying the 'biological benefits of the

closure.
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With the continued. decline in abundance very significant changes occurred

within t~,e stocks. The average size of halibut in the catch decreased on all

grounds and the percentage of the economically less valuable small and

undersized fish increased (International Fisheries Cc~mission report, 1930).

Shortly prior to 1930 the landings from Area 2, south of Cape Spencer, consisted

largely of small fish under fifteen pounds. In many sections of that area a

large halibut over sixty pounds had become a rarity. Hest of Cape Spencer,

fish of large size were still nu~erous.

On the long and intensively fished southern grounds, few fish were

surviving ~o the age of twelve years, the average age for the onset of maturity

in females. The more recently and less intensively fisaed western grounds still

contained many older fish and many mature females, survivors from the primeval

stocks that existed prior to fishing. The prod~~tion of spa~~, as ~ndicated by

plankton se~ling during the. spavming season, was at a low level in Area 2 but

still considerable in Area ,-

Tagging experiments provided scme general estimates of the rate at which

the largely imnature fish in the southern region and the mature fish in the

weste.rn region were being removed by fishing and by natural mortality (Thcmpson

and Herrington, 1930). They showed that the removal rate on the long-fished

southern grounds was much higher than cn the western, grounds and explained the

observed differences in age ccmposition and spawning. Estimates of growth,

based upon age-length studies, indicated that growth rate was higher in Area 2

than in Area 3 and was higher than the natural mortality rate in both areas.
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On the basis of general biological knowledge regarding the factors that

control the size, composition and yield of fish populations, and of the evidence

at hand, the Commission concluded that the stock in. Area 2 had long been

overfished and was in a very unSOUDQ biological condition, and also that the

Area 3 stock was rapidly approaching the same condition. It expressed the

conviction that the decline in abundance and y::.eld could be stopped and that

both could be increased by a proper reduction in the amc~nt of fishing.

The Commission reported its finding to the Governments of Canada and the

United states and recommended: control of the amount of fishing, by dividing

the coast into areas and applying annual catch limits to the areas according to

their individual needs; continuation of the winter closed season,. to prevent

fishing upon the spawning stocks when they were schooled for spawning; and

closure of areas found to be populated by small fish, as well as prevention of

the use of destructive gear, to permit more of the small fish to survive to

maturity and to secure better economic use of them (International Fisheries

Commission report, 1928).

Authority to regulate the halibut fishery by the methods recommended was

granted to the Commission by a new treaty signed in 1930 and was broadened by

succeeding conventions of 1937 and 1953. Regulations were made subject to the

approval of the Governor General of Canada and of the President of the

United states. Enforcement of the regulations was made the responsibility of

already est~blished enforcement agencies of the United States and Canadian

Governments. The first year of actual regulation was 1932.

Biological Principles underlying Investigation and Regulation

In planning investigations and evaluating their results, and in adopting

regulations, the Commission has been guided by the following generally accepted

biological principles. The density and composition of a population depends

primarily upon three variable factors: the numbe~ of young produced each year;

the rate of growth; and the total mortality rate. Density is determined by

the balanc~ between the first two, which increase it, and the third, which

reduces it. Composition, or proportion of sizes and ages, depends upon the

mortality rateo
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The annual production of young is related basicall;}T to the abundance of

spawners aud tends to decrease with reduction in the density of a population,

other things being equal. Growth and natural mortality rates tend to decrease

with age. Within limits, the growth rate tends to increase and mortality rates

to decrease with reduction in the density of a population and vice versa. The

morta~ity rate of con:mercial sizes increases with the intensity of fishing and

decreases with less fishing.

A population subjected to a definite amount of fishing tends to come to,

stability or equilibrium at a definite densitTand to yield a definite catch.

The density at which the population reaches stability decreases as the amount

of fishing is increased and vice versa. The level of yield increases with

increased fishing to a maximum at the optimum level of fishing, which gives the

optimum density of stock, and decreases progressively thereafter with each

further increase of fishing. Conversely, the yield of a population below

optimum density increases with decreased fishing until fishing is reduced to

the optimum amount to restore the optimum density of stock~ and decreases

progressively thereafte~ with further reduction of fishing.

Fishing less than the optimum is underfishing , and fishing more than the

optimum is overfishing. Both are equally undesirable inasmuch as each fails to

obtain the maximum sustainable yield that a population is capable of producing.

The involved general changes in density and composition of a population 'and

its commercial stock as a result of fishing are complicated by physical changes

in the environment which directly affect growth, mortality and the production of

young or indirectly affect them by altering the abundance of food o~ of

competitors or predators. They are further complicated by the time required for

any change in environment or in the fishery to produce its full effect upon all

age classes in the population, twenty or more years in the case of the halibut~

Regulation of the Fishery

Throughout the period of regulation which began in 1932, the Commission has

endeavoured to hold the rate of removal by fishing slightly below the rate of

replacement from reproduction and growth, w.i.thout undue interference with

con:mercial fishing. This would allow the halibut to live longer on the average

and gradually result in the accumulation of more dense stocks of larger fish,
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containing a higher proportion of mature ones and capable of sustaining greater

annual catches. Increases in thp annual catches have been allowed whenever they

appeared to be justified by increased stock density.

General control of the rate of removal by fishing has been achieved by

establishing regulatory areas, containing independent or closely associated

adult populations, in so far as was practicable frcm an administrative standpoint,

and by limiting the annual catch from each area. Annual catch limits with

closure upon attainment of those limits have been applied in the more important

areas, Areas 2 and 3. Time limits have been used in other areas.

AdministeriLg catch limits has necessitated daily collection and tabulation

of data regarding the number of boats operating, their size, their efficiency,

their future plans and departures, and the area of origin of their catches.

From these data the rate of capture has been determined, the date of attainment

of each catch limit forecast and the date of closure announced _rell in advance~

Other measures adopted include: the closure of two nursery areas populated

by small fish; the application of a minimum size limit; and prohibition of the

use of types of gear Imo"m to capture undersized halibl't 3.D. larger proportion than

the setline gear normally used in the halibut fishery. ~ne 'tinter closed season

established by the original treaty has been continued.

For administrative purposes, the Cc~mission has required halibut boats over

five tees net, to te lice~sed, to keep leg records of their fishing operations

and to ~ake statistical returns regarding the amount and area of origin of their

catches. It has made the validity of these licences contingent upon ccmpliance

,dth statistical and other provisions of the regulations. It has also. required

halibut dealers to keep accurate records of their purchases of halibut.

The basic method of regulation - limiting the catch and increasing it

conservatively as the density of the stock increased - was a simple, practic~l

method of applying the biological principles of fishing to overfished stocks.

According to these principles, if natural mortality and fishing mortality are

held belc. -.., recruitrnent and growth, the stocks gradually increase toward their

optimum density. Should the density of a stock be increased beyond its optimum,

where the most favourable biological balance exists, further increases in catch

lNuld cause a revealing decline in the catch per unit effort.
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With a long fishing season which made all commercial sizes available, the

fishery its~lf could be expected to correct any major lack of balance in stock

ccmposition. If large fish become relatively too numerous when the stock

approached its optimum density and were competing with the young and hindering

recruitment, their higher relative abundance would shift the intensity of

fishing to the large sizes and reduce them. If, on the other hand, the large

commercial sizes became too scarce, their lower relative abundance would direct

more of the fishing tp the younger sizes and allow a larger percentage of the

older fish to survive. Only when stock density reached the optimum for the

natural distribution of fishing would it become necessary to examine the

relationship between grov~h, natural mortality and recruitment to determine

whether the yield from the recruits and the number of recruits could be

increased by artificial adjustment of the intensity of fishing upon the

different size or age classes of fish.

Unfortunately, changes in the fishery s.fter 1940 sharply reduced the

length of the fishing season and altered the distribution of fishing. These

changes reduced the effectiveness of the regulations and of observations of

their effect upon the stocks (International Fisheries Commission report, 1951a).

They have made it necessary to modify to some extent the method of regulation,

and make a much broader scientific foundation desirable for the future a

The Co~mission took such corrective regulatory action as it could under

the convention of 1937, which permitted only one fishing season per year in each

area. In 1951 two small underfished sections of Area 2 were established as

separate areas and opened for a brief period at their most productive season

after the remainder of Area 2. was closed. In 1952 the same was done with the

far western section of Area 3. Some improvement in the utilization of the stocks

in the new areas and an increase in yield resulted (International Fisheries

Commission report, 1953).

Further regulatory changes were made in 1954 under the convention of 1953,

which permits more than one fishing season per year in any area. The regular

season in each important area was supplemented by a short season later in the

year, when sections of the stocks not available during the regular season may be

reached by the fishery. A further increase in yield resulted.
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Fluctuations in the strength of year-classes, probably attributable to

factors other than fishing, have been observed in some sections of the stocks

in Areas 2 and 3. They have produced some short-term changes in the density of

the stocks, which have been given due consideration in determining the catch

that should be allowed.

Problems and Results of Regulation

Although the halibut regulations have always been based upon sound

biological principles, it must be recognized that they have also been influenced

in many ways by practical considerations. It has been necessary for practical

reasons to control the amount of fishing indirectly, by limiting the catch or the

length of the fishing season instead of the number of units of gearj although the

latter is the primary determiu€mt. The catch-limit method can be used only in an

area where the total catch is sufficiently large and the season sufficiently long

to permit determination of the rate of capture during the fishing season and

announcement of the date when the catch limit will be attained and the area

closed to fishing.

Impracticability of administration as well as the specific need to provide

a fishing operation that would be economically profitable without overfishing

has prevented general use of special areas and special fishing seasons to

increase fishing on small underfished banks. Areas must be large enough to

provide the potential fishing fleet with operating space, and the period of

fishing long enough to provide the fleet w...th a profitable trip (Int'ernational

Fisheries Commission report, 1952).

Adjustment of opening dates has been necessary to make the distribution of

fishing between areas as normal as possible. Some areas have been cpened

simultaneously to prevent abnormal conce~trations of fishing effort which would

have been inimical to successful fishing. Other areas have been opened at

different times of the year to induce and maintain fishing in sections. along

the coast where it would otherwise have declined or practically ceased.
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Enforcement problems have also influenced. the determination of open

seasons and the definition of regulatory areas • Enforceability has been an

important determinant in regulating the retention of halibut caught incide;ntally

by other fisheries, even when there appeared to be no biological objection. The

retention of halibut caught incidentally by otter trawlers both in open and

close~ areas has been prohibited in recent years, partly for enforcement reasons,

but chiefly on account Of biological considerations (International Fisheries

Commission report, 1948).
On account of the practical problems which constantly arise, the Commission

has found it necessary tp maintain close contact with all branches of the

halibut fishing industry. The men in the industry have made their special

knowledge of it freely avail~ble and have thereby made an important contribution

to the success of regulation.

Recognizing the experimental nature of regulation, the Commission instituted

and has maintained a system of observation of changes in the fishery and in

the general density and composition of halibut stocks to ascertain the effect

of its control measures. The relative density of the stocks available to the

commercial fishery, as indicat~d by the catch per unit fishing effort, has been

increased greatly on all banks. The average catch per unit effort has tripled

in Area 2, south of Cape Spencer, and has doupled'in Area 3, west of Cape Spencer,

since 1931, the last year prior to regulation.

The composition of the stocks, as indicated by length and age ~amples from

commercial landings, ha.s changed markedly with increases in density. Fish of

spawning size and age are present in greater numbers and constitute a larger

proportion of the catch (International Fisheries Commi~sion report, 1949;
International Pacific Halibut Commission report, 1954). Recruitment of young

has increased in Area 2, where years of overfishing had caused serious depletion.

Under the original system of regulation the, annual catch was gradually

increased from 44.2 million pounds in 1931 to 57.5 million in 1950. In 1952
and 1953, by the separate regula:tion of three small underfished areas, the

annual catch was increased to 61.7 ,million pounds. In 1954, with the i;nstitution

of short supplementary seasons in important areas, the catch reached 71.2 million

pounds (International Pacific Halibut Commission report, 1955).
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in catch per unit effort after 1932 maintained a prof~table fishery in Areas 2 and

:; in spite of the relatively low prices of that re rioc. Fishermen have been

assured of profitable trips, and they and the dealers have be~ :.J. provided with an

increas;i.ng supply of high quality, desirable size fish for their expanding

marl~ets.

The amount of fishing required to take the present larger catches has been

reduce~ 50 per cent in Area 2 and 35 per cent in Area 3 from the pre-regulatory

levels. The resultant saving in fishing effort and the saving in manpower and

capital equipment have been put to other productive use and represent an economic

saving as great as the value of the gain in poundage.

Economic gains have been as i~ortant as the bic: ,cll ones. The i~rovement !
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New Problems of' Regulation

Profound changes have occurred within the halibut fishery as a result of

successful regulation. The increases in density of populations have attracted

more and more boats into the fishery and drastically reduced the period of

fishing, despite the larger catches allowed. The fishing season, which had

been nine months long when regulation began in 1932, was less than one month

long in Area 2 and less than two months long in Area 3 by 1950.

In the early nineteen forties it became apparent that the shortening of the

fishing season was destroying the seasonal balance of fishing that prev~ously

existed, and had beccme a threat to the continued success of regulation. To

permit correction of this situation, in 1946 the Commission recommended treaty

changes that would permit two or more fishing periods in an area annually - which

were not allowed under the 1937 treaty tpen in effect - as a means of distributing

fishing over a longer perioQ of the year.

Statistical and biologi~al studies were undertaken to determine the

seriousness of the situation. '!hey demonstrated that, 'with a single short

fishing season, the stocks on some grounds in Areas 2 and 3 were not being

. exploited as formerly and the catches from them had declined in spite of the

greater supply of fish available. The stoc~s on other grounds were in danger

of over-exploitation, if this was not already occurring, (International Fisheries

Ccmmission report, 1951a and b; Dunlop and Bell, 1952).
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The investigations showed that the distribution of fishing which had :made

all co~mercial sizes of fish on eve~y bank available to the fishery no lenger

eXisted, and that regulation of the distribution of fishing in time and space

had beccme necessary at an earlier stage than would otherwise have been required.

Regulation has therefore moved frcm its original simple stage into a m~re advanced

and complex one. More precise infomation regarding the availability of the

different parts of the stocks on different grounds at different seasons and

concerning the effect of each change in distribution of fishing upon the

factors which determine the p.ensity and productiveness of each stock becomes

now of increasing importance.
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To obtain this information the Commission has planned a broad research

prograTLme (International Pacific Halibut COJllmission report, 1955) and will make

a beginning upon it during the current year. The progran:me provides for the

following: study of the relatio~ships between intensity of fishing, stock

density and annual yield; continuous investigation of the age-composition and

growth of the stocks on the-more important banks to ascertain the growth and

mortality rates at each age, and the density of spawners and recruitment;

The objective of the halibut convention of 1953 i.s the attainment of

maximum sustainable yield from the halibut populations. Accomplishing this ,dll

necessitate the solution of two complex interrelated biological problems:

determining the age of capture that will give the maximum yield from recruits

and determining the supply of mature ones required to provide optimum recruitment ..

The application of these biological facts, when secured, will involve the

solution of the equally difficult ~egulatory problem of obtaining the correct

amount and distribution of fishing.

Regulation in future will require knowledge of the relationship between

growth rate and mortality rate at each age in each stock and of the changes that

occur with changes in the density of stock; knowledge of the relationship

between the density of spawners and recruitment; and knOWledge of the

availab~lity of the different age classes on the different banks at different
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repeated tagging experiments on a coastwide basis to determine the relationships

between the stocks on different banks, the availability of different sections

of the stocks at different seasons, and the general fisbing and natural mortality

rates; also, study of thp. factors which influence recruitment, growth and

natural ~ortality~

With the additional basic knowledge that will be derived from its projected

research prograttme, the Commission confidently believes that present and future

problems of regulation can be solved and the goal of ~aximum sustainable yield

achieved.

(Bibliography follovTs on page 241)
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THE niTERNATIONAL FRASER RIVU\ sey"'} SALMON FISHERY

by

LoydA. Royal, Director
InternationaJ. Pacific Salmon Fisheries Coumission

(The ILimeog.l.d.phed text of thi's paper a:.tlpeared as document A/CONF.IO/L.17 and Add.l)
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Chief cause of depletion of stock •

Investigations and policies of the International Pacific
Salmon Fisheries Commission • • • • • ~ • • • • • • • • • •

Description of the fishery • •

The Fraser River sock~ye salmon fishery is o~e of the oldest commercial

fisheries _~orth America. Its history includes a fairly' rapid development

by the fishermen of both Canada and the United states and then a disastrous .

decline in production, followed by years of negotiat~on by imaginative leaders

of both countries to obtain international regulation. In 1937 a convention was

concluded between Canada and the Un~ted states which created the International

Pacific Salmon Fisheries Commission. The Con::misuion's purpose was to determine

the cause of the "billion dollar decline" in the fishery and then, after eight

years of scientific investigation, to regulate the fishery in such a manner as

to assist in restoring it while ensuripg an equal sharing of the allowable

catch by the fishermen of eacn country.
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Figure 39. Watershed of the Fraser River, British Columbia
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The work of the Commission may be considered as comprising five phases:

(1) scientific investigation and determination of the cause of the decline in

the fishery; (2) investigation and correction of the chief factor causing the

decline; (3) designing regulations to permit rapid rehabilitation without stoppage

of fishing; (4) development of effective management policies; (5) scientific

investigation and protection of the fishery from the adverse effects of an

expanding industrial civilizaof;ion.

The story of the Commission's operations is one of success; it includes

the restoration of millions of dollars to the annual income of the industry and

a record of seventeen years of complete harmony in the international control of

an international fishery. No treaty of any kind has been more eminently

successful than the Sockeye Salmon Fisheries Convention between Canada and the

United States. The story of the Fraser River sockeye fishery portrays the

benefits to be derived when nations concerned forget their national competitive

interests and unite through the media of science and agreement to solve an

international fisheries problem.

Description of the Fishery

The Fraser sockeye salmon (Oncorhynchus nerka) reproduce in ten major

stream-lake systems of the Fraser River watershed, an area encompassing 90,000

square miles and lying entirely in the ProvincG of British Columbia, Canada

(figure 3~). The adult sockeye, gregarious and anadromous in nature, approach

the west coast of Vancouver Island (figure 40) from the north as they develop

maturity and migrate to the Fraser River by either of two routes. A small and

variable percentage of the fish follow the east coast of Vancouver Island, thus

becoming available exclusively to Carsiiian fishermen. The majority of fish

follow the west coast of Vancouver I~~and and enter the Strait of Juan de Fuca,

where they become available to fishermen from both Canada and the United States,

first on the high seas and then in the territorial waters of each country. The

last commercial fishing operation they enColmter is a large gill net fleet,

exclusively Canadian, which is located in the lower fifty miles of the Fraser

River proper, below the town of Mission. Beyond this, native Indians residing

in the upper watershed have always taken a limited number of sockeye for food,
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· drying them on racks for a vTinter supply. The inherent right of the Indian to

take salmon in his accustomed place and manner is recognized by the Governments

of both C~Dada and the United States.

In Canada commercial canning operations began in 1866 and vrere continued

on a limited scale until 1893, when they were gr~atly expanded and an annual

output of several hundred thousand forty-eight-pound cases was attained. The

United States sockeye salmon canning industry, which began in 1891, reached

full-scale operation by 1897, after which the annual catch of United States

fishermen exceeded that of the Canadian fishermen. Over a period of twenty

years, from 1894 to 1913, the Fraser River proved itself to be the greatest

sockeye salmon river in the world by producing an estimated total catch of

180 rr~llion salmon.

The Fraser sockeye salmon do not become available to the fishery until they

cease feeding, which is usually when they are in either the high seas area or

the territorial waters of Canada immediately adjacent to the entrance of the Strait

of Juan de Fuca. As they cease feeding and start their inshore spavming migration,

they start to lIshovr" at the .;'lrface and become available to such gear as

purse-seines and gill nets. .A. United States purse-seine fleet started operations

on the high seas in 1918, but only during the past few years have Canadian

purse-seine fishermen begun o~erations at the entrance to the Strait of Juan de

Fuca. Sockeye fishing by United States fishermen has always been carried on

by purse-seines, traps and gill nets, with traps being eliminated by the State

of vlashington in 1934. The Canadian fishery, until the past fevr years, has been

centred off the mouth of the Fraser River and in the lower fifty miles of the

Fraser River estuary and has consequently been composed mainly of gill netters.

These existing fisheries would be capable of exterminating the sockeye population

if no restrictions were placed upon teem since the Canadian gill net fishery alone

is capable of taking 98 per cent of the annual sockeye run. Periodic closed

seasons, both weekly and seasonal, have always been in effect in the fishery of

each country, and there is no clearcut evidence of depletion before 1913, even

though by that time United States fisher.men were taking the major share of the

annual catch.
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In 1913 rock which was being moved to facilitate railway construction was

d~ed into a restricted canyon in the lowtr Fraser River known as Hell!s Gate,

where it created an almost complete barrier to adult salmon en route to their

spawning grounds. This barrier was further increased by a major rock slide in

1914 that was associated with the same railway construction. Vigorous efforts

were made by the Canadian GoverDIlJ.ent to remove the rock, and by 1915 the areas was

declared clear to migrating salmon. However, the decline in production was

almost disastrous: the catch for the four-year period from 1917 to 1921 fell to

about 15 per cent of what had previously been considered normal. The relative

decline in the areas affected was actually greater than this as a substantial

part of the residual production was maintained by unaffected but limited

producing areas located below the obstruction.

Investigations and Policies of the

International Pacific Salmon Fisheries Commission

Coincident with the decline in production and the declaration that the

obstruction no longer existed at Hell's Gate, almost frantic arguments occurred

as to whether overfishing or competitive fishing by the fishermen of either or

both countries was responsible for the continued low level of the annual runs

of Fraser River sockeye. It became increasingly apparent that international

action would have to be taken to bring about the restoration of the fishery.

On 28 July 1937 an international agreement was ratified by the United States and

Canada. Known as the Suckeye Salmon Fisheries Convention, it set up the

International Pacific Salmon Fisheries Commission consisting of three members from

each country. The Commission was instructed in the convention to protect, preserve

and extend the sockeye salmon fishery of the Fraser River and to that end was

given authority to investigate the species. The COIonission ,,,as given eight years

to devote to investigations before its powers were expanded to include

regulation of the fishermen of both countries, both in territorial waters and on

the high seas, with the understanding that the allowable catch should be divided

as nearly equally as practical between the fidhermen of the two countries.

1------·----1ili5l-··I-....tS;;;=:;;..;;;;;J...iiiIiI..IlIlil..--Iliilli.._iiiiiiiiiiiiiiiiiiiii_iiiiiiiiiiiiiiiiiiiiliiil__~..liiiiiiiiiiii_......_~,.
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Chief cause of depletion of stock

Investigations of the Commission, conducted by a carefully selected scientific

staff, revealed that the Hell's Gate obstruction still eXisted, and that whether

it constituted a delay or a complete block to salmon en route to their spawning

grounds depended on variations in the water level during the year and from year

to year. The relationship of conditions at the obstruction and the success of

reproduction in terms of returning adults was carefully detailed by

Dr. H. F. Thompson in 1945}/ On the basis of the available scientific evidence

the nm" famous "hydraulically perfect" and self-operating Hell's Gate fishways and

also fishways at Bridge River Rapids and at Farwell Canyon on the Chilcotin River

were constructed at a cost of approximately $2 million. The funa.s were supplied

in moiet;)r by the two Governments, in accordance with the terms of the convention.

The beneficial effects of the fishways at Hell'6 Gate, partially in use by

1945, were not evident until the return in 1949 of the first adult offspring from

parents that had used the fishways. Increased escapements to the spawning grounds

were known to have OCGurred 'in 1945 as a result of the fishways but it was found

with surprise that the rate of reproduction of fish using the fishways was

100 per cent higher than the rate of reproduction of those few fish that had

managed to overcome the obstruction in previous years. The evidence of increased

rate of reproduction of the fish using the fishways proved to be of great

importance in leading to a new approach to salmon fishery management. This

approach emphasized stUdy of the requirements for sockeye to reproduce

successfully.

Ecological investigations and scientific management

A salmon, being a cold blooded animal, is a slave to its environment. Its

spawniog migration is timed so that the environmental requirments of reproduction

are attained at the right moment. Its ability to store energy and go without food

is an inherited morphological characteristic arising from the restricted feeding

cime and lack of available food during its spawning migration in fresh water. The

International Pacific Salmon Fisheries Commission, Bulletin, No. 1
(New Westminster, British Columbia, 1945).
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ar::ount of energy stored is inherently established and there is sufficient for the

purposes of migration, mating, nest-building and spawning before death, which

inevitably occurs a few days after spawning. There is little tolerance to cover

newly created obstructions or artificial delays in carrying out its reproductive

functions. The spawning migration and spa~~ing of the sockeye are therefore timed

to meet the requirements of successful survival, which include its arrival on the

spa,ming beds at the proper stage of the annual water temperature cycle. This timing

of spawning with the annual temperature cycle also ensures that the feeding fry

emerge when the zooplankton upon which they feed are approaching a peak in their

abundance. Migration of the fingerlings from their lacustrine environment also

takes place in the early spring just after the ice breakup, in order that they

may enter the ocean when marine foed organisms are approaching their season of

abundance. 'The possible sensitivity of the fish to these relationships is

illustrated elsewhere by the tremendous fluctuations in the annual success of

reproduction of certain marine species such as the California sardine (Sardinops

caerulea) .

It is also of considerable biological significance that the annual run of

sockeye salmon to the Fraser River is composed of discrete units, each migrating

from the sea at its own specific time and spawning in a specific area in accordance

with its own individual requirements for survival. Within each unit the numerical

frequency of the migrants, spawners or deaths, when related to time, tends to form

a normal curve with a range of approximately thirty days. These units are ccmmonly

referred to as "populations", "runs" or "races", and since they return each

generation to the same spawning area they are commonly identified by the name pf

the area in which they spawn. Such a unit may be defined as a race if it consists

of a homogeneous population with each member spawning in a particular area that

offers a generally uniform reproductive environment.

The evidence of increased rate of reproduction of the fish which used the

fishways, when considered together with the great mass of miscellaneous data on

the character of the migration, reproduction and fresh water environment of the

Fraser sockeye, led to an entirely new concept of salmon fishery management. This

cencept is that "The character of the migration of a race is related to the

character of the enviro~ental cycle in the reproductive area, the timing being

controlled indirectly by the solar cycle, hence the rraintenance of maximum
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is believed that only the main part of the run is properly related to the normal

reproductive cycle and that the tails of the frequency-time curve consist of

variants not properly adjusted to the cycle. It maJr be that the beginning and end

portions of the runs have natural functions such as bringing about a genetic

adaptation of the population to different adjoining environmental areas, but

normally they do not appear to be of value in maintaining a maximum population.

The block at Hell's Gate increased the mortality rate over that caused by the

fishery by an 810unt which resulted in serious depletion. There were two effects

of the delay at the obstruction: (1) utilization of stored energy in trying to

pass the obstruction resulted in the migrant spawner's either not reaching the

spawning ground or else arriving there in such a weakened condition that its
I

spavming was ineffective; (2) delayed arrival on the spawning grounds resulted in

improper timing with the normal environmental cycle and therefore a low survival

rate among the eggs deposited.

The decline of the racial populations of sockeye salmon reproducing above

Hell's Gate brought about a conCiition which has led to development of another

important management principle. The decline completely unbalanced the phenomenon

which is commonly referred to as "quadrennial dominance in productivity".

Originally all these races hel such a marked quadrennial dominance in productivity

in the same cycle that far more sockeye were produced in one cycle than in the

other three cycles combined. Historical records show that this quadrennial

dcminance was stable and had existed on the same cycle for at least ninety years.

But the Hell's Gate slide was sufficiently severe in its effect to destroy the

great runs of every fourth year.

A problem arose when, the dominant year runs having been decimated, the

escapements began to increase in every cycle. The problem was to decide whether

large racial escapements should be permitted every year regardless of the size

of the run, or whether, as a new management principle, fishing pressure should

be equal every year regardless of. any indicated variability in the annual

productivity and escapement. Frcm 1946 through 1950 regulations were formulated

~
:1
I;

I,

!

-'1"''- 11.1 -;

j

, productivity in a fishery de~ends upon the maintenance of normalcy in the
I

11.' character of the escapement". The failure of early and late arrivals at each

r spmming area to reproduce at the maximum rate led to the establishment of a

" second concept which may be considered in part as a modification of the first.
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The Commission's basic management policies are conceived to produce a maximum

sustainable catch with a minimum of escapement. These policies can be summarized

as follows: (1) Treatment of each "race" or spawning population as a se:parate ~

year-class reached a size approaching the reproductive limits of the area.

Data have now been collected for a sufficient :period of time to indicate that

dominance is caused by an internal cycle in the lake-rearing area and that this

internal cycle may not function in exactly the same manner in every case although

the result in establishing quadrennial domir· it productivitJT is the same in each

case. This internal cycle must be established by the salmon themselves. and for

this reason there is a high rate of production each year until the numerical

strength of the population approaches normalcy. A :period of adjustment then

follows, which results in one year-class gaining n;lJIlerical strength 't'1hile the

productivity of the other three year-classes declines. It is becoming increasingly

obvious that the dominant year sets off the internal cycle which controls the

sockeye population for the following three years. At the end of these three years

the controlling internal cycle will eliminate itself, thus allowing the fourth year

run to produce a+, a maximum rate. Failure to establish even fishing pressure in

under such <.:ircumstances would be below normal.

on the basis that the few tens, hundreds, or thousands of sockeye on the spa>ff.Oing

grounds, if they existed at all, should be allowed to increase in number each

year. It was decided, however, that the practice of regulating to exert even

fishing pressure should be initiated in 1951. Thlring the period 1946 to 1950

little was known about the cause of quadrennial dcminance, and, furthermore, the

racial escapements in most instances were less than those recorded for a~l years

prior to 1913. After 1950 the increasing esca:pements were observed to be

:producing at a dominant rate each year. Each year-class appeared to be struggling

for supremacy in a sense. Two examples of returning quadrennial dominance already

eZif;1.t,d, each returning on a different annual cycle and each returning or. a cycle

different frcm the original one. Thus, evidence was available to show that

quadrennial dcminance wculd re-form as the runs approached their oririnal abundance

and that it need not occur in all races on the same year. Evidence was also

available to l.dicate that dcminance would not re-form until at least one

"", . '"
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management problem. (2) Maintenance of normalcy in the escape"'1ent and~ where

possible~ the obtaining of the escapement from the peak of the run of (:..

population (',s it proceeds upstream. (3) Maintenance of even fishing pl'essure frcm

year to year~ regardless of the size of the unit _'ll~ unless that particular run

has been reduced in size by temporary abnormal reproductive environment or unless

reproduction h~s been unusually good and there is danger of the potential escapement

exceeding the requirements of the reproducing area.
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Benefits of regulation

The remarkable increase in the annual Fraser River salmon catch for each of

the past four years over that obtained in the four preceding parent years~

respectively, has completely justified the Sockeye Salmon Fisheries Convention. It

is evident, from examination of the magnitude and consistE:;.:cy of the increases in

catch, that the purpose of the convention - to protect, preserve e.nd extend the

sockeye salmon fishery of the Fraser River system - is being fulfilled. The

sockeye catch for 1954 was 9.5 million fish as compared with a catch of 2.1 million

for the brood year 1950. The catch in 1953 was 4.02 million fish compared with

2.07 million in 1949. In 1952, some 2.2 million sockeye were tctken com!'ared with

1.8 million caught in the brood. year 1948. .The catch of 2.4 million sockeye in

1951 was a spectacular increase over the 443,000 t~ken in 1947.
The total catch for the four-year period from 1951 to 1954 was 18.2 million

salmon compared with 6.4 million taken in the previous brood years of 1947 to

1950. The current wholesale value of the increa51e in the catch for the past four

years is $42.19 million.

Regulations have been designed to meet the terms of the convention, which

specify that the allowable catch be divided equally~ as nearly as may be practical~

between the fishermen of Canada and those of the united States. These regulations

have permitted Canadian fishermen to take 9.15 million sockeye during the past four

years while United States fishermen took 9.08 million. The difference - only

68,000 fish - in favour of Canadian fishennen represents practical equality in

the catch, or 50.2 per cent for Canada and 4~.8 per cent for the United states.

The current annual pack of sockeye salmon represents about 56 per cent of the

sockeye packed during the four-year period, 1910 to 191;i preceding the Hells I s

Gate disaster. Current production is a great increase over the 15 per cent level

of production experienced after the disaster but is still considerably below the
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100 per cent level of potential production. However, from a biological standpoint,

there is reason to believe that the current trend of increased production will

contimle.

The acccmplishments of the Ccmmission have been attained without creating a

sir.gle controverEy betvTeen nationals of Canada and the Dnitee. states in spite of

the fact that many emergency restrictive regulations have been imposed on the

fishermen of either or both countries.

Future Problems

Cne of the greatest obstacles facing the Commission's fishery management

progran:me in futnre years is the possibility of development of new type:> of fishing

gear and. e:l{fansion of fishing areas, both of which tend to interfere vTith use of

the sensitive management tools developed for dividing the allowab~e catch and for

permitting the maximum catch of the many individual populations which ccmprise each

annual scckeye run to the Fraser River. As the fishery in each area is capable of

taking more tha~ its permissible share of the catch and each nation is capable of

taking con8jder~bly rJre than its allowable total, it is obvious that sensitive

controls for JT''''n8gem~nl, are required at all times. It is becoming obvic ,s also

that the adverse sensitivity of the escapement to the effects :::f the fishery

requires that these controls be used carefully if maximum pr.oductivity is to be

maintained.

A. second major problem threatening the survival of the individual sockeye

populations of the Fraser system is the rapid industrial e~~ansion of the region.

This expansion necessitates develo~ment of large quantities of hydroelectric power

"'ith con."equent obstructing dams; it is acccmpanied by denUding of the "Tatershed

by logging operations, and by pollution from mining development and manufacturing

plants and frcm the ever-increasing ~opulcition itself, The adverse effects of

industrialization on anadromous fish either have not been prevented or have been

only partially prevented -Then they have occurred else\vhere in the world. The

question is "'hether a proper element of mutual tolerar-ce and respect can be brought

about 'cet'feen development of general resources and development of the salmon

r~SQurce in the case of the Fraser River basin. The successful operation of the

Ccm.uissicn is an outstanding example of hmT such a balanced situation can only~
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exist when action is governed by unbiased assessment of the facts. The Commission

is striving, through scientific investigation, carried out in advance 0; increased

use of the natural resources of the Fraser basin> to find ways of harmonizing

tndustrial development with the rapidly improving sockeye fishery.

~te Fraser River is a Canadian stream and the natural resources utilized in

industrial development are all part of Canada' ~ ::.ational economy. Enactment of

necessary measures for protecting the international sockeye fishely from

industrial development is therefore not primarily an international matter but

depends upon a national interpretation of what provides the greatest good to the

greatest number of people in Canada. ~he latter is an entirely fair consideration

and that consideration is based to quite an extent on the value of 50 per cent of

a rapidly rising sockeye catch. If the cost of maintaining the salmon fisheries

exceeds the value received, Canada could ha~dly be expected to continue to support

the necessary fisheries' protection. Fortunately, the current value to Canada of

the sockeye resource is sufficiently great to warrRnt full fisheries' protection,

and it is being provided. It is also fortunate that Canada's income from the

fishely is destined to increase substantially in the years to come.

The Internation£l Pacific Salmon Fisheries Commission will continue to

ll~prov~ its management of the fishery as new facts are obtained and will exert

every effort to develop scientific methods for protecting the future of the fi~hery

from dams, diversions and pollution, forms of industrialization which may

eventually become so widespread that they may be regarded as potential destroyers

of tne entire salmon resources. Thus, the fulfilment in the years to come of the

terms of reference of a great and successful international treaty will signify t~zt

international agreement based on facts is an agreement in principle, and only

interna,tional harmony can come from such an agreement.
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THE INTERNA'l'IONAL I>IHALING COMMISSION

by

Remington Kellog, Chairman
Internationa: I>fualing Commission

(The mimeographed text of this paper appeared as document A/CONF.10/L.18)

Historical development

Contracting Governments have at various ~imes agreed to establish

international co~missions under the provisions of treaties. Some of these

commissions are authorized to exercise regulatory powers over the operations of

the fishing vessels of the contracting Governments, both inside and outside

territorial waters. The authority of other commissions, as for example the

International I>fualing Commission, is limited to amending; subject to the approval

of +'he contracting Governments, the regulp~ions written into the treaty.

It is now recognized that unrestricted whaling and the ensuring depletion

or destruction of world whale stocks will seriously affect the economy of countries

dependent on their own facilities for the procurement of edible fats. Conservation

of stocks of whales in the oceans of the world, or even those freque~ting limitea

areas of oceanic waters, cannot be promoted successfully by unil&teral action on

the part of one Government. Many whales make annual migrations from summer

feeding erounds in the colder waters to winter calving grolmds in the tropics.

Conservation of existing whale stocks can be accomplished only by the concerted

action of Governments which recognize the necessity of maintaining this ~atural

resource of the sea. International agreements for the regulation of whaling

have been in force for more than twenty years; the first was sponsored in 1930

by the Economic Committee of the League of Nations.' That convention entered into

force on 18 October 1934, but it soon became apparent that its provisions did not

adequately restrict the exploitation of whale stocks.

Consequently, Governments that had a major economic interest in whaling were

cognizant of the urgency of convening a conference in 1937 to adopt more

restrictive regulations and to control further the ]erations of this industry.

The basic agreement of 1937 required the observance of closed operating seasons

for both factory ships and land stations; prohibited the taking of whalerJ of ~.
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certain species already threatened with extinction; prohibited the taking of

female whales with calves or sucld.ing whales, and of blue, fin, humpback and

sperm "lhales belm1 the minimum lengths prescribed for to.ach species; required

full cormnercial utilization to be made of every part of every ,,'hale taken; and

limited the time in which, from the time of catching, whales had to be treated

in a 'factory ship or land station, as the case might be. In general, the purpose

of the agreement was to limit the number of whales killed and to prevent the

was'ce of whale material.

While the 1937 conference was aware that the agreement it formulated would

not meet the existing situation adequately, it decided that a year should elapse

before additional restrictions were impos,'} on the taking of whales. The protocol

formulated by the 1938 conference gave further protection by such additional

restrictive measures as (a) prohibition for one year on taking humpback whales by

factory ships in the waters south of 400 south latitude; (b) establishment of a

sanctuary ior baleen whales in the waters SOQth of 400 south latitude, from

70° west longitude w'estwards as far as 1600 west longitude, for a period of two

years from 8 December 1938: (c) prohibition of the oper'3.tion elsewhere within

a period of twelve months of factory ships that had operated in the Antm:yic;

and Cd) closi~g of certain dependent waters to the operations of factory sbips.

AlthOUgh the 1938 conference recognized that an over-all quota would be ,the

only effective method for limiting antarctic whaling, ::t Has not untU 1944 that

this provision was included in an international agree11~.' t. At that conference

the quota established for the enSUing antarctic season was 16,000 blue whale units.

This quota represented two thirds of the average catch in the antarctic during

the six prewar years.

The ~haling conference at Washington in 1946 took cognizance of the need to

safeguard for future generations the great natural resource represented by whale

stocks. Consequently, the codification of existing regulations was undertaken

in the light of the necessity for proper conservation of whale resources and

orderly development of the whaling industry. At that conference the contracting

Governments agreed to establish an International Whaling Cormnission with a view

to deVising effective administrative procedures for modifying regulations from

time to time without calling other international conferences to conclude a new

agreement or protocol in each instance.
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seventeen countries have become parties to the 1946 International Convention

this Commission by one member, a commissioner, who may be accompanied at annual

meetings by one or more advisers.

for the Regulation of vfualing and are actively participating in the work of the

International \'lhaling Commission, \{hich was organized in 1949 and held its first
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Each contracting GoverpJment is represented on

Organization

The Ccrr;ffiission is also charged \'lith responsibility for taking action, either

independently or in collaboration with other GoverpJments and public or private

~

~

I
[Ji
~

~
agencies, to (a) encourage, recorr~end or, if necessary, organize studies and ~

investigations relating to whales and whaling; (b) collect and analyse statistical ~m.;
information concerning the current condition and trend of whale stocl~s and the ~

:::1

effects of whaling activities thereon; and (c) stud~r, appraise and dissemivate "I

information concerning methods of maintaining and increasing whale populations. ~

~
r~
fj

I

The main responsibility of this Commission is to amend from time to time

the provisions of the sched~ue annexed to the 1946 convention, vrt1ich are, in

meeting in London in that year.

effect, regulations governing the conduct of whaling by contracting Governments.

These regulations relate to the general conservation and utilization of whale

resources, including determination of (a) protected and unprotected kinds of

whales; (b) open and closed seasons; (c) open and closed waters, including the

designation of sanctuary areas; (d) size limits for each kind of whale; (e) time,

methods and intensity of whaling, including the maximum catch of whales to be

taken in anyone season; (f) types and specifications of gear, apparatus and

applicances which may be used; (g) reethods of measurement; and (h) catch returns

and other statistical and biological records.

The Ccmmission, under authority vested by article III of this convention,

has set up two ccrrmittees: a Scientific Ccrrmittee, to evaluate current scientific

and statistical information with respect to whales and whaling, to review current

scientific research prograrr~es of Gover~ents, other international organizations

and private groups, and to consider such additional matters as may be referred to

it by the Commission; and a Technical Committee, to review and consider tIle laws

and regulations of various Governments, annual reports on infractions submitted

.. '
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'by Governments, questions involving the time, manner and intensity of ,vhaling

operations, and such additional matters as may be referred to it by the

Commission.

The· International Bureau for Whaling Statistics at Sandefjord, Norway, on

the basis of reports submitted by responsible governmental agencies, prepares a

statistical summary of tbe results of whaling operations in the antarctic and

elsewhere for each season. These tables indicate the number and sex of each

kind of whale taken, average size of sexes, measurements of fetuses (with length

of female and date measured) and oil production. This bureau has also submitted

charts and tables showing the number and sex of each kind of whale taken, in

squares of 10° length and 100 breadth, in the antarctic during the 1937/38 and

1938/39 seasons as well as from 1945/46 to 1951/52, inclusive. These tables

also shml the mean values per day of worlr of the catcher, in terms of blue ivhale

units and barrels of oil.

Since all modifications of the whaling regulations ~'~ required to be such

as are necessary to carry out the objectives and purposes of the 1946 convention,

and must be based on scientific findings, these statistical data and special

research reports ser,~ as guides to the Scientific Committee in reaching decisions

relative to the continuing effect of whaling ope~ations on kinds of whales in

specific areas and in making recommendations for appropriate action by the

CClJJl1lission.

The Technical Committee has been chiefly concerned with (a) annual

examination of reporeed infractions and pertinent recommend&tions thereon;

(b) review of the legislation and regulations promulgated by contracting

Governments to implement the 1946 convention; (c) adopti~n of a standard log-book

for recording the catch; and (d) questions involving the time, manner and

intensity of whaling.

Accomplishment~

~1rsuant to its assigned responsibility of recommending suitable protective

measures for safeguardj,ng whale stocks, the Commission follows closely the

effectiveness of regulations in force from year to year. Under the provisions

of international agreements in force during the period from 1944 to 1953, the

-259-
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The ccmmissioners appointed by the contracting Governments have a

The International Hhaling Commission endeavours to conduct its o2erations

maintaining twenty-four-hour inspection.

annual catch of whales in the antarctic was limited to 16,000 blue whale units;

this represented a reduction by one-third of the catch during six prewar years.

The open season for whaling in the antarctic, which during 1944/45 extended from

24 November to 24 March, both dates inclusive, bas been shortened, end the i,
opening date advanced iD subsequent years, the season authorized for 1954 being ~

limited to 2 January to 7 April, both dates inclusive. Notwithstanding these ~I'
limitations, the antartie pelagic factories procur-3d about the same amount of ~

oil, or the same number of blue whale units, per day's work of the catcher, as ;.I.•..~..•:.,...l
in 1936/39. It should be noted that during the 1938/39 season, th~ 281 catcher

I>

boats which were in operation in antarctic waters, with 34 factory ships and

two land stations, caytured a total of 38,356 whales, the oil production ~

amounting to 2,820,7'71 oarrels. In 1953/54, bowever, waling in the antarctic i
was carried on by 17 factory ships, three land stations and 227 catcher boats; I"

the 34,831 whales ,,,hich ,,,ere taken produced 2,285,526 barrels of 011. I···~
During this ten-year peried the length of the antarctic s~ason 'was shortened

by twenty-five dbYs, and, beginning in 1954, the quota for the antarctic was ~
I'~

reduced to 15,500 bl1.i.e \Vhale units. AInong the additional recommendations which :J
Here made by the Int('rnational HhaliI.g Commission and subsequently accepted by f'~

I.",'

t~e contracting Gov~rnments, mention may be made of the following: (a) the minimum ~
I.g

length of sperm ,,,hales permitted to be taken by catcher boats attached to factory [iJ
[1

ships Has raised from thirty-five feet to thirty-eight feet to protect immature I·..'!I.;

males, females being already protected by the thirty-five-foot limit; (b) further .!
j

protection \Vas accorded the blue Hhale by advancing the opening date for the ~
)

permissible twting of this species during the antarctic season; (c) the minke f1

Hhale was brought under the regulations; Cd) restrictions were placed on the ~
r.~

taking of b_baclt wbales by ractory ships in tbe 2~tarctic; and (e) the n_er _.•.1,:.

of inspectors on factory shi~s was increased from one to two for the purpose of ~

f:;
{\~

~
[1'1

II

~
M
~
~;.~

l~
~i
t15

I
~, .. v ,.J..-

with the year-ta-year continuity essential to orderly development and management'

of the \Vhaling industry. It has consistently prcmoted sound conservation

Summary

policies.
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sound concept of their responsibilities and have evinced a genuinely co-operative

attitude in dealing ivith the problems that come within the scope of the Cc~mission.

This sbility to think and ivork together to alleviate conditions requiring

irrmlcdinte action, as ivell as to anticipate problems before they become critical,

,mrrants the conclusion that, ivith more precise ImOivledge of the conditions of

,,,llUle stoclm., the Ccmmission 1.S destined to play an increasingly important role

in the promotion of conservation policies. The Commission has now established

itself RS a constructive international entity and is performing with credit the

responsibiliti.eb delegated to it.

In the exploitation of any nattrral resource, the practice of obtaining

mnxilln.an possible re-tm'ns ivithout regard either to methods employed Or to possible

irreparablc depletion by wasteful procedures is too apt to be followed. Unlike

inorc;anic resources, such as minerals and precious stones, whales are capable

of reproducing themselves, and if wisely conserved will yield an adequate return

indefinitely. Fortunately, many (but not all) of the Governments whooe nationa.Ls

are engaged in ",haling are participating in the work of the International Whaling

Ccmmission. The past history of ivhaling is all too well kncwn; sound judgment

dictntes that it is in the best interests of all to profit by the mistakes of

the past Rnd to regulate effectively the future utilization of this resource.

~

I
---L.iiiiil"·Ii"'ii37i1li1;ii1..IlI!Am llliiu_...._III""ft..q.iiiliimilliliiiRiIiil?§I_\1jji!i2!iiil'!iillJIj~'lI.ii_iIliiIiil-\;~ii161111l- I!IlI__._, D ••~_••iii..
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projects directed to this end;

utilization of aquatic resotrrces;

ae;reement by uhich it \:as established:

Bet,,,

the

reacl

exis

NOTE ON THE GENERAL FISHERIES COUNCIL FOR THE IYlEDITERRANEAN

by

M.J. Girard, Secretary,
General Fisheries Council for the Mediterranean

(The mimeographed text of this paper appeared as document

A/CONF.10/L.22. It ,,,as submitted in Fren.ch under the title

"Note sur le Consej 1 General des Feches pour la f'tiediterranee

(CGFM)")

To formulate all oceanographic and technical aspects of the pr0~lems of

To encourage and co-ordinate research and the application of improved

To assemble, publish or other,!ise disseminate all oceanographic and

To undertake, where appropriate, co-operative research and development

To recommend to member Governments such national and international

To propose, and .Ihere necessary to adopt, measures to bring about t~

(a)

(b)

( c)

(e)

development and proper utilization of aquatic resources;

( f)

methods in iisheries and allied industries with a vie\: to the fuller

technical information relating to aquatic resources;

The functions of the C01.IDcil are defined as follmls in article III of the

standardization of scientific equipment, techniques and nomenclature;

(a)

provisions of the agreement all member States of the Food and Agriculture

Organization of the United Nations (FAO) may become members of the COill!cil.

which are not members of F~O may also join upon certain conditions.

The agreement by which the General Fisheries Council for the Mediterranean

(GFCH) I-iI1S established vIas draun up at Rome on 24 September 1949 and came into

force on 20 February 1952, upon ratification by five GoverlIments. Under the

fj

~
'"I

I
I,~

states ~

The present membership of the Council is composed of the Governments of the ~j

follm:inc cuuntries: Egypt, France, Greece, Israel, Italy, j',Ior.aco, Spain, TurJ.isia, :1
Turkey, the United Kingdom and Yugoslavia. l~

r~(:
I~

I~

i
~
~.'.~lj
ffl~

~J
research and development projects as may appear necessary or desirable to fill~

gaps in such knm-Tledge. ~~

I
~I
n~

Ij
,.~
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(g) To make comparative studies of the fishery legislation of different

countries with a view to making recommendations to member governments

respecting the greatest possible co-ordination;

(h) To encourage resdarch into the hygiene and prevention of occupational

diseases of fishermen;

(i) To extend the Council's good offices in assisLing member governments

to secure essential materials and equipment;

(j) To report upon such questions relating to oceanographic and technical

problems as may be recommended to it by member governments or by the Ii'ood

aud Agriculture Organization of the United Nations and, if the Council

thinks proper to do so, by other international, national or private

organizations with related interests; and

(le) To report annually upon its activities to member governments and to

the FAO Conference; and to make such other reports to FAO on matte~rs

falling within the competence of the Council as may seem to it necessary

and desirable.

Exploration

Clupeids:

Map of quantitati ',e distribution of eggs, showing hydrological

conditions.

Plenary sessions of the Council are held every year or every other year.

Between sessions, the Executive Committee, which consists of the chairman and

the two vice-chairmen, cOnducts current business in accordance with decisions

reached at Council sessions. The secretariat staff is supplied by FAO.

Technical committees have been set up within the Council. Those in

existence at present are the Exploration Committee, the Production Committee,

the Utilization Committee, the Inland Waters Committee and the Economics and

Statistics Committee.

Discussions and technical papers of the Council are published regularly.

Three 'Volumes have been issued so far. '

The Council's programme of work, adopted at the third session, which was held

. in Monaco from 14 to 19 October 1954, is shown below, under headings

corresponding to the names of the technical ccmmittees. The next session of

tbe Council is to be held in October 1956 in Istanbul, Turkey.

and
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Utilization

Study of transport and preservation of fish by freezing:

Improvement of the keeping qualities of crustaceans under refrigeration

by the use of ascorbic acid, anti-oxYdants and preservatives

Comparative study of icing of sardines (fresh water ice or sea water

ice)

Economic stUdy of the refrigeration and freeZing of sardines (by

water or cold air)

Study of technological, technical and economic conditions for the

freezing of sardines, mackerel and tunas

Critical studies with a view to ascertaining age and growth

Improvement of fishery statistics to obtain precise data on

quantities landed and means employed

Tunas:

Bathymetric and geographic distribution of various species

Food and degree of sexual maturity

Higrations

Edible crustaceans:

Breeding grounds and biology, including feeding, reproduction and

larval phases of crustaceans belonging to the Peneidae group

(Aristeus aristomorpha) and to the Pandalidae group

Trawling grounds:

Establishment of a map of trawling grounds for each cOlmtry

Information concerning demersal fish caught by trawling

Production

Boats, gear, methods: Classification of boats, gear and fishing methods

Fishery administration: Comparative study of fishery regulations

Vocational training of fishermen: Continuation of the study in progress

Regions and fishing seasons: Preparation of a questionnaire with a view

to establishing a Mediterranean fishing map and a fishing calendar

Social security and working conditions of fishermen: Comparative study

of working conditions and security measures

-264-
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study of fish meal, oil and by-products:

Use of preserva~ives, anti-oxydants and drying processes so that

fish waste can be transported

Study of ways of using fish offal (salted sardines) for conversion

into by-products

Study of an economical method for treatment on board or on land of

small quantities of fresh fish or offal

Canning:

Economic and technical comparative analysis of various methods of

processing sardines

Study of an economic low-capacity plant for fish canning

Inland waters

Pollution: Effect of pollution by a certain type of factory

Valli culture: Biology of mullet

Carp culture:

Breeding fish in ponds

Physiology of food for carp

Fertilization of ponds

Improvement of the races

Diseases (especially ascites)

S-..;c; 'I of relations between phytoplankton and fish

Varrat:;'::: ". ~:..:es: Eff~!ctive development

Salmon culture:

Food in ponds

Production of fry

Transport of fry from hatcheries to fish farms

Transport of live fish from fish farms to consumer areas

Economics and statistics

General economic conditions of fisheries: Order of priority of questions

to be studied to be decided by the Executive Committee

Statistics: Study of statistical methods employed in each country

Catalogue of names of marine animals:

List of names of fish, in process, to be completed

List of names of edible molluscs, crustaceans and echinoderms to be

prepared.
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FLUCTUATIONS IN THE COY.MERCIAL FISH FOPULATIONS OF THE NORTH-WESTERN
pACIFIC IN RELATION TO ENVIROl\1viENTAL AND OTHER FACTORS

Th

the Sea
by

Petr Moiseev, Director
Pacific Research Institute?! Fisheries and Oceanography, Vladivostok

(The mimeographed text of this paper appeared as AjCONF.10jL.14 under
the title "Fluctuations in the Commerical Fish Popu]ations of the
Northw'est Pacific in relation to Meteorological and Oceanographic
Conditions, l"ishe:ry O];erations and Other Factors1I; original in Russian)

I.

Contents

General environmental factors ••••

Principal species of comme~cial fish • •

Causes of fluctuatioDs in ,opulations ••••

Bibliography • . • • •
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The north-western Pacific, including the Bering Sea, the Sea of Okhotsk and

the Sea of Japan, is an extensive commercial fishing area (more than 5 million

square kilometres) with va.ried fauna and flora. Approximately 800 species of

fish are found there, and more than 100 of them are or could be commercially

exploited. Bottom fish are particularly varied, the number of species being

consid~rably higher than in the Atlantic.

Differences in the number of species are largely attributable to the fact

that cod and berring are of Atlantic origin (Svetovidov 1948, 1952)~/ and her:.ce

there are relatively few varieties of them in the Pacific, \'1hile the Pacific

origin of the flatfish (Norman, 1934) accounts for the relatively few varieties

of flatfish in the Atlantic. At the same time, very similsr varieties of the

main commercial families - herring, cod, salmon, flatfish, mackerel and others 

are found in both the Pacific and the Atlantic. Closely related varieties

include: Clupea and Engraulis; Gadus and Eleginus; Limanda, Hippoglossus,

Reinhardtius, Hippoglossoides, Pleuronectes and Platessa.

One might expect to find close similarities in the behaviour of these

~ish and regular fluctuations 1n populations-, particularly as, in most instances,

systematic differences are confined to the level of the species or subspecies.

Related varieties in both oceans admittedly have certain characteristics of

biology and behaviour in common. Nevertheless, recent research into the biology

and causes of fluctuation in the fish populations of the northwestern Pacific -

by the Pacific Research Institute of Fisheries and Oceanogr~phy has revealed

fundamenta.l differences in the biology of the inhabitants of the Pacific and

Atlantic. These differences are largely due to the differing environmental

conditions in the two oceans and are the result of adaptation to these conditions

At the same time, however, there are very clear indications that the fish

popUlation is affected, first, by a number of meteorological and oceanographical

factors and, secondly, by intense f'ishing.

Y References in paraentheses are to the bibliography at the end of this paper.
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General Environmental Factors

In this connexion, a brief glance at the oceanography of the northwestern

Pacific and its specific characteristics is desirable as these have a considerable

influence on the biological peculiarities of the fish in that area, and, in

many cases, dictate their number.

Deep valleys - 4,000 to 6,000 metres in depth - 1"o:rms the basins of the Sea

of Japan and Sea of Okhotsk, and of the Bering Sea, and cover most of' their floor.

'Ihe continental shelf is relatively narrow, generally extending in a narrow band

along the north-eastern shore of Asia, ann beyond it the ground drops sharply to

3,000 metres or more. 'Ihese characteri&tics distinguish the seab of the Far East

from the north-eastern Atlantic. As much as 3 million square kilometres ef the

north-eastern Atlantic' consists of broad shoals, 'tlhereas only about 1.2 mi.llion

square kilo~etres of the north-western Pacific is shallow water. The severe

continental climate and the fact that the marginal seas in the Far East are cut

off from the open Pacific by a chain of islands are the main causes of the intense

cooling in winter (to SUb-zero temperatures) of large areas of shallow water in

certain regions (the north-western part of the Sea of Okhotsk, the eastern

off-shore area of the Gulf of Sat.halin, the Gulf of Anadyr and others). 'Ihis

cold layer is never warmed through during the warm part of the year; it covers

a wide area of shallows, making them unsuitable for the maj ority of fish living

on or near the bottom.

The total area of shallow water in the Far Eastern seas where conditions

are suitable for bottom fish is approximately 800,000 to 850,000 square kilometres.

Intense cooling (to sub-zero temperatures) in winter and considerable seasonal

variation in temperature in the upper layer (particularly in the northern part of

the Sea of Okhotsk and Sea of Japan) clearly distinguish the Far Eastern seas

from the waters washi~g the north-western coast of Rurepe, where annual

variat:" )ns in temperature are negligible and there are virt1.1ally no wide areas

where the temperature of the water falls to below zero.

Generally speaking, the permanent and tidal currents in the seas of the

Far East flow much faster than the currents in the northeastern Atlantic, which

are affected by the slow-moving water masses of the Gulf stream (flowing at

not more than 0.1 to 0.3 mil,= per hour). The majority of the permanent

-268-
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currents in the Bering Sea, the Sea of Okhotsk I:l.D.d the Sea of Japan have a

velocity of 0.4 to 0.5 mile an hour or more. Relatively fast curre~-ts carrying

water masses over shallow water first and then over very deep water or water

with sub-zero temperatures create conditions unfavourable to fish and other

organisms w~th pelagic spa'{D OT larvae.

L?stly, vast areas of the ~s· Eas~ern seas, and in particular, the

shallow areas, are covered for m, us at a time oJ' floating or stationary ice

floes, whereas most of the surface of the north-eastern Atlantic is free from

ice the whole year round•

These hydrological differences alone show the substantial differences in

the environmental conditions of fish living in comparable areas of the Atlantic

and the Pacific .

Other ,~tally important factors in the environment of many commercial fish

also vary, for example the supply of food and the intensity of predation, which

frequently determine the size of the fish population. From a comparison of

the masses of benthos and zooplaLkton in the Atlantic and the Pacific it can

readily be seen that the ~enthos and zooplankton indices in many areas of the

Far East seas are somewhat higher than those in the seas which wash the shores

of northern and north-western Europe. In most of the shallow waters of the Far

East the average benthos mass varies from 100 to 500 grammes per square metre,

whereas in northern European seas it varies from 20 to 250 grammes per square .

metre. Approximately the same relation holds goed for zooplankton biomass, the

figures being 160 to 300 milligrammes per cubic metre and 50 to 140 milligrammes

per cubic metre, respectively, as shown in the following table:

- 269-
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Okhotsk•..•.••••••.•• 0 ••••

13ering.... ~ . Q •• I» ••• ~ •• Cl' •• 9

c

i

s

h

t

f

213 160 ( V.akarov (1937)
( Bogorov (1939) N

~

227 ... MakaJ"ov (1937)

I483"P./
-,

300
,

Gordeeva (1948)~
( Kusmcrskaya (1940)

302::..1
( Deryugin and ;,

240 ( Somova (1941) ~
i!

( Kusmorskaya (1948)
,

50 48 ( Zenkevich (1947) I( Bogorov (1939) '"

100 140 Zenkevich (1947)

20 100 Zenkevich (1947)
'(..;;

244 Zernov (1934)
)1
.-i;

,,:~

33 Zenkevich (1947)
j
il.

Average mass~
Benthos Zoopl~~ton

(Grammes per (Milligrammes Source of data
square metre) per cubic metre)

\fuite .

Baltic .... e ••••••••••••••

North.....•......... 0 ••••

Ba.:rents ••••••••••••••••••

Japan... It ••••••••••••• ~, ••

Chukchi (Chukotsk) ••••••••

Kara. e _ •••••• 0 • 0 •••••••••

Sea

~/ To a depth of 2CO metres.

'E../ West Kamchatka.

~I Peter the Great Bay.

This substantial difference in favour of the Far Eastern seas would

probably be still more InP.rked if the larger zooplankton were taken into account,

more pm-ticularly the euphausids, which are so abundant in the Sea of Japan and

in the Sea of Okhotsk. The greater mass of benthos and zooplankton in the Far

Eastern seas accounts for the appearance of large, dense congregations of commercial

fish and other creatures in certain areas. The heavy concentrations of flatfish

and king crabs off the shores of Kamchatka, pollock in the Korean GUlf, herring

off the shores of Sakhalin and Hokkaido and sa.'!'dines off the southern shores of

Japan fIXe well kno\m.

An abundance of benthos or plankton alone, however, is not enough to

f

c

account for the presence of commercial shoals. For example, although there is
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in the Gulf of Anadyr an abundance of plankton and benthos for. fish food, there

are no commercial concentrations of flatfish, nor are there any concentrations

of cod, pollock or flat in the northern part of the Bering Sea or in the whole

Chukchi Sea, although the types of food eaten by all these fish are found there

in especial abundance and the hydrology in summer is particularly suitable

(for ?od and pollock): the fish do not gc so far from the remote regions where

they winter.

A volumetric comparison of the food consumption of a number of the most

common commercial fishes indicates that most of. them feed a great deal more

intensively in the Pacific than in the Atlantic. The average annual index of

stomach contentg/ of the Okhotsk Sea cod, +'or instance, is 225 (Logvinovich, 1949)
whereas for the Barents Sea cod it is only 144 (Zatsepin and Petrova, 1939),
As a result of the greater abundance of food, the majority of Far Eastern fish

have a very limited diet, although there is a wide choice of foods avai.lable

to them. 'Ihe Pacific cod, for example, has more than 100 different creatures

from which to select its food, but it eats only four or five varieties

(Logvinovich, 1949, C~rdeeva, 1951). Similarly, the various,species of

flatfish and halibut, whose range.of food includes more than 200 creatures,

consistently feed on only a few of these (Mikulich, 1954).
Many Far Eastern fish greatly surpass north-eastern Atlantic fish in their

rate of growth, average annual growth in ,·reight and also fleshiness and oiliness.

'Thus, the average annual growth in weight of the Pacific cod is 1. 5 to 3 times

that of the Barents Sea cod, and the average weight of the Pacific cod is two

to three times that of the Atlantic cod of the same age class.

The inter-specific relations between commerci.;:~l and non-commercial fish

exercise a very real effect on the numbers and behaviour of the commerci~l fish

population, but as yet this factor has been little studied. The J;.1;Ilil::€r ot' species 

166 in the Pacific as compared with 48 in the North Atlantic - and the abundance

of Cottidae, Agonidae, Hexagrammidae, Liparinae, Blenniidae and other non

commercial bottom fish, which often have a diet similar to that of the commercial

fish and feed intensively on the spawn and young of the latter (and sometimes

even on mature fish) undoubtedly leave their mark on the biology of n:any

commerical fish and often reduce their stock considerably. 'Ihe number of species

of non-commercial bottom fish in the Pacific and Atlantic Oceans is shown in the

following table.
2/ The re,tio, multiplied by 1,000, of the weight of the stomach contents to the
- weight of the fish.
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F
Family or Sea of Sea of Pacific coast Atlantic

order Bering Sea Ohhotsk Japan of America (Barents Sea)

Cottidae ............ 73 50 36 38 14

Agonidae ............ 16 15 15 15 4

HexagraI!Illidae ....... 6 5 4 5
Cyclopterinae ....... 9 23 10 13 3
Liparinae ••••• ::t ••••• 22 4

Blenniidae........... 40 55 37 29 23

Total 166 148 102 100 48
,1
'~

Sourc:~: For Bering Sea, Andriyashev, 1939; for Sea of Okhotsk, Schmidt,

for Sea of Japan, Lindberg, 1937; for Pacific coast of America, Schulz and

de lacy, 1935; for Atlantic (Barents Sea), Knipovich, 1926.

1950;

Other types of fish, too, are knmvn to be affected in this way by natural

predation; in the case of salmon, for example, there are instance~ where up to

80 per cent of the young of the pink salmon are eaten by loaches, young coho

salmon and other fishes even before they descend to the sea (Semko, 1953).
These are the fundamental differences in the environment of commercial fish

in the north-eastern Atlantic and the north-western Pacific. This specificity

of environment is largely responsible for some of the distinguishing biological

characteristics of the cOI!Illercial fish in the North Pacific and it produces 8harp

fluctuations in the stock of several commercial varieties.

Principal S~ccies of Commercial Fish

Such fishes as the pollock (Theragra chalcogramma), the Pacific herring

(Clupea harengus pallasi), the Pacific salmon (Oucorhynchus) and others are

extremely ,videspread and abundant in this area. The pollock is a nekto-benthic

rather than a demersal fish; it ranges freely through the middle water and feeds

mainly on plankton and :Jeldo-benthic crustacea and much more rarely on benthos.

It has little tie with the comparatively narrow continental shelf, withstands

low and sometimes sub-zero t~mperatures relatively well and not infrequently

rises to the surface in search of its food.
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Thp. Pacific salmon take as their spawning grounds the 1-Tide basins of the

rivers which empty into the northern Pacific, where the eggs and larvae can

develop in conditions most [luitable fqr each species. Later on, when the young

salmon migrat~ to the sea and begin to feed intensively on the concentrated

biomasses of the open sea, their en'rironment is particularly favourable and

they grow rapidly, ensuring a high level of stock recruitment.

The Pacific herring, which penetrated to the North. Pacific from the

North Atlantic in one of the interglacial periods, has settled very ~~dely there;

it has talcen over extensive areas of the offshore shallows as spawning grounds

and, feeding on the abundant pelagic food supplies of the Far Ea~tern seas, has

become numerous.

The ove:nvhelming majority of the creature:" inhabitilog the Far Eastern seas,

and parti.cularly the sal:.non, herring, cod, flatfish, navaga, pollock and king .,;,rab,

have formed a number of isolated and often independent populations, which have

settled in various regions of the Far Eastern seas and adapted themselves to

living in varied cond.itions. The localized nature of the present habitats of

the commercial fish, despite their 1vide distribution throughout these seas,

together with the existence of biological and morphologic~l differences in most

varieties which have their habitats in severe,l regions, indicates that the fauna

is now compartmentalized and isolated in a n1xmber of comparatively de+.ached .

areas, though some are widely scattered all along the north-eastern shores of

Asia.

The geological history of the countries of the Far East and, more especially,

the distribution of fresh water fauna in north-eastern Asia (Yabe, 1929;
Lindberg, 1937, 1948) provide conclusive evidence that successive adYancE:s and

withdrawals of the sea took place on the shores of eastern Asia dU~ing the

~uaternary period and that enormous upheavals occurred beneath what are now the

marginal Far Eastern seas. The d.istribution and biology of the marine fish

carry this theory further and show that not only the fresh water fauna but also

the typically marine fauna, and in particular the fish of the Far Eastern seas,

which 'were at one time comparatively uniform, are now split up into local

populations.
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It may bE: presumed that the movements of the sea and, more particularly,

the chasms which formed in the region of the present marginal Far E~stern seas

led to a contraction of the continental shelf, the appearance of large areas

of great depth, the develofment of regions with markedly varying oceanographic

conditions, and, perhaps, an increase in the speed of currents. All this led

to the breakup of the once continuous populations of fish and othe~ creatures

of many kinds which had been inhabiting this area, and to their separation, as

indicated, into isolated groups which acquired distinct biological features and,

,rith them, certain related morphologir.al differences.

Instead of the very extensive and protracted horizontal migrations of

herring, cod, pollock and other fish which occur in the Atlantic Ocean, there occur

in the northern Pacific comparatively short seasonal migrations of the majority

of fish and other creatures, principally from deep to shallow water ~nd back,

which are due both to the sharp seasonal changes in hydrographic conditions in

the upper layer of 'vater (to a depth of 200 metres) and to the location of food

supplies and other factors (Polutov, 1~48, 1951; Moiseev, 1~46, 1~53). This

sharp seasonal change in hydrographic conditions has led in the case of most

commercial fish to evolution of single spawning, to a shortened incubation

period, to occurrence in a number of fish (flatfish, for instance) of protracted

periods of enforced ,rinter fasting (combined with a sharp decline in actiVity)

and so forth. Only a number of pelagic fish, (mackerel, sardine, anchovy, saury

and others) in the north-,,,estern Pacific underta.lce fairly lengthy fepding

migrations, which are longest during their periods of maximum population density.

As has already been observed, one of the most important chara~teristic8 of

the Far Eastern seas and one which sets its mg,rk on the natul"e, the number and,

more especially, the biology of the creatures inhabiting them, is the complex of

currents whjch are relatively constant and at the same time fast-moving. In

vie'" of the narrovnness of the continental shelf, the vast extent of the great

depressions and the markedly varying hydrological conditions even in areas

situated close to each other, the high speeds of the currents in the Far Eastern

seas are extremely unsuitable for many of the creatures living in them vnlich have

pelagic spa'm. It is easy to see that eggs and larvae - and also later the

yOlmg fish - ''i"hich uander into the currents will be carried far away from the
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spa1vning area and 1vill then in most cases have to ~ontend with conditions

unfavourable for their further development. The simplest reckoning will show

that if the eggs and larvae of a fish - for example, the flatfish - remain for

fifteen to twenty days in the open sea where the current moves at a speed of 0·5

mile an hour, the young fish mll emerge 180 to 240 miles from the spawning

ground, which usually means outside the confines of the region which is a

suitable habitat for them.

Consequently, fish which have pelagic spawn have evolved ways of avoiding

the most harmful effects of fast-moving currents in order to ensure reproduction

in sufficient numbers. Flatfish, for example, in regicns with very fast-moving

currents, come right in to the shore to spa1vn and deposit their eggs in inlets

and bays where there is little water movement. Furthermore, a plaice

(pseudopleuronectes yokohamae) has developed a sticky, benthonic; spawn

(Pertseva-ostroumova, 1954). It is ver~ probable that certain other types of

flatfish (Pleuronectes obscurus and Pleuronectes pinnifasciatus) have developed

similar spalm, which is deposited under the ice. No large concentrations of

flatfish are found in areas of shallow water with strong currents and only

slight indentation of the shoreline, whereas they are being found in greater and

greater numbers in regions where there is little movement of the water (western

Kamchatka, the Tatar Straits, the south-eastern coast of &~ld1alin).

The Atlantic cod has pelagic spa1vn, but the cod found in Far Eastern 1vaters

has benthonic spawn (Uchida, 1936), which is not carried a'lla;jT to any large

extent by the currents and is able to develop in a.reas lvith the most suitable

temperat·ures. In addition, benthonic spawn is not exposed to the harmful

effects of the floating ice which covers much of the spalvning areas during the

cod's· spawning period.

The pollock, which has pelagic spa1vn, comes close in to the shore, to

areas with slow-moving currents, to deposit its eggs (Vedensky, 1949;
Gorbunova, 1954). Its main spa~ming grounds in the Korean Gulf, Peter the Great

Bay and off the south-western coast of Kamchatka are in areas of relatively

still water.
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At the same time, fish with demersal attached eggs (the Pacific herring, and

certain members of the Cottidae, Blenniidae, Rajidae and other families) find

that the Far Eastern seas offer the most favourable conditions for their

development and are fODnQ there in great numbers or in a great variety of species.

The Pacific herring, unlil~e the Atlantic herring, deposits its eggs as near the

shore as possible, thus ensuring that large numbers survive in regions with

extremely strong currents (the Sheleldlov Bay and the northern coast of the

Oldlotsl;: Sea).

The ctrrrents in the Far Eastern seas greatly influence the behaviotrr and

numbers of pelagic fish. Such typical inhabitants of these areas as the

sardine (Kaganovsky, 1935), the mackerel (Vedensky, 1951) and the yellm,nail

Seriola quinqueradiata, and other fish come close in to the shore to spavrn and

deposit their eggs in inlets and bays.

The foregoing explains why the vast majority of fish with pelagic spavrn

deposit .their eggs near the shore, 1nlY fish with benthonic spa1m deposit their

eggs in their home ground and why fish with demersal attached eggs are found in

great numbers and variety of species in the Far Eastern seas.

Owing to the abundance of predators in the north-western Pacific many fish

have armed themselves with strong anal rays, well-developed opercular spines (

and other defences.

The greater fecundity, by comparison with closely related Atlantic varieties,

of the majority of the fish inhabiting the Pacific Ocean can be ascribed

largely to the gradual reaction of the species to local oceanographic conditions

and to the somewhat greater influence of the predators native to Far Eastern

vraters. Thp. table on page 277 ccmpares several varieties in resI,ect of fecur:di ty

(in thc~sands of eggs).

-276-

Ground and de

Cod (Gadus)

Navaga (~

Limanda:

Limanda
Limanda
l.,,imanda

Hippoglos

Hippogl
(37 t

Hippogl
lima

iiile

Pelagic fish:

Capelin (~

Mackerel:

Pneumatop
Scomber s

Anchovy:

Engraulis
Engraulic

Herring (Cl
'-

Digitized by Dag Hammarskjöld Library



Pacific Ocean Atlantic Ocean

J,

Ground and demersal fish:

Cod (Gadus)~/ .... _. .•. ... . .... . . . ... . . . .. 411 to 763
Navaga (Eleginus)........................ 25 to 210

Limanda:

170 to 250
6.2 to 6.3

Limanda aspera .
Lireanda punctatissima .
Limanda limanda _.•..........

626 to 1,133
162 to 528

80 to 140
Hippoglossoides:

Hippoglossoides elassodon dubuis
(37 to 42 centimetres in length) ... 211 to 241

Hippoglossoides platessoides
limandoides (47 to 49 centimetres

in length) .

Pelagic fish:

241 to 336

Capelin (Mallotus)

Mackerel:

Pneumatophorus japonicus .........•....
Scomber scombrus ..........••.....••...

Anchovy:

Engraulis encrasichol,!.s ........•......
Engraulicus japonicus ......•.•........

Herring (Clupea) ..................•.....

15·3 to 39·9 6.2 to 13.4

400 to 800
350 to 450

30
35

39·9 to 92.4 14.8 to 23.3

I

~/ The number of eggs is for one kilogramme of fish.

The importance of a knowledge of the oceanography of the Far Eastern seas

for an understanding of the general principles of the biology of fish common

to those seas is evident. Of special importance are the changes which have

occurred over a period of years in the Kuroshio current in determing the

oceanographical details of the north-west section of the Pacific Ocean and all

the Far Eastern seas. The changes observed over the past forty years have led

to changes in the distribution of warm and cold masses of water. ~vo warming

periods and one cooling period occurred during that time. Such alternations or
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disturbances in the Kuroshio considerably affect the oceanographical

characteristics of a number of regions in the north-west sectitu of the Pacific

Ocean, which in turn influence the distribution and quantity of a number of

commercial fishes.
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Causes of Fluctuations in Populations

Such are a few of the biological characteristics of the fish populations of ,
I!

the north-western Pacific which, feeding on the highly nutritive benthos and i
plankton in Far Eastern seas, are found in relatively large numbers not1vithstanding ~

the comparatively small area of the continental shelf.1

Rational organiza.tion of the fisheries for salmon, herring, cod, pollock, ~
i

flounder, halibut, maclcerel and other fish, taking account of the size of the ~

shoals and of conditions of reproduction in the north-western Pacific, ma.y lead ~

to more stable conditions and considerably higher catches. At the same time ,~
.~I)1

the fact that commercial fishes are localized" that they spa,m near the shore

and that the fry remain in shallow waters makes it essential to develop the

industry strictly in accordance ,vith the quantity of each commercial species,

takin~ into account its biological characteristics and, at the same time,

taking measures to increase its rate of reproduction.

The preceding data concerning the biology of several Far Eastern fish,

changes in metereological and oceanographic conditions and the influence of

commercial fishing are important factors in causing fluctuaxions in quantity

in the case of a number of commercial fishes in the north-western Pacific. A

few of the most characteristic examples of such fluctuations are given.

Pacific salmon

The three main species of Pacific salmon (Oncorhynchus) fished in the

Far Eastern waters are the pink salmon, the chum salmon and the sockeye salmGD.

Before 1940, as much as 400,000 metric tons of salmon was caught along the

north-eastern shores of Asia; subsequently, as a result of intensive fishing

b~r the Japanese, who failed to take into account th8 size of the fish population,

and also because of unfavourable meteorological and oceanographic conditions,

the size of the catches dropped considerably, amounting at the present time to~

between 100,000 and 250,000 metric tons.
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The current catches of salmon fluctuate in accordance with the intensity of

fishing and the productivity of each generation, which depends on a number of

natural factors such as the fr~ezing in 'some years of the spawning grounds, the

devouring of the spawn and larvae by predators and changing water level at the

spffiming grounds. Considerable fluctuation in size of the most numerous species

of salmon - the pink salmon - as well as a decline in the populations of other

species of Pacific salmon such as the chum and the sockeye salmon - have been

Doted.

One of the reasons f'br the marked decline of the salmon };'opulation in some

areas has been unfavourable climatic conditions. The sharp drop in winter

temperatures and the decrease in winter ~recipitation frequently cause extensive

freezing of the spawning grounds. By means of repeated year-round observation of

the development of salmon spawn in winter weather in various areas of Kamchatlca and

in the Amur basin it was possible to establish the effects of hydrometeorological

factors on the number of the young with sufficient certainty (Senllro, 1953;
Icrogius, 1954; Birman, 1954, and others).

A typical example is the marked drop in the number of chum in the Amur basin

where, as a result of extensive freezing over a period of four years - from

1911 to 1914 - of the spawning grounds of the summ~r chum salmon in the most

sheltered areas, there was a considerable drop in the population, further

aggravated by intensive fishing. As a result, the catch, which was 21.4 million

fish in 1910, dropped to 0.2 million in 1920 and has remained low since.

The Pacific salmon inhabit different areas at different times and as a rule

return for spaivoing to the basins of the streams where they were hatched. Tbat

is why a decreased salmon population in one area cannot be supplemented with salmon

from a 'neighbouring, more productive, area. Once a catch declines, it usually

continues to be low for a long time and can be increased only by means of

long-term costly measures for the conservation, reclamation and culture of the

fish.

Since the commercial salmon fisheries have sb?unk, fishing has become more

intensive; it has o2come particularly intensive during recent years as a result of

Japanese salmon fishing at sea; the number of salmon reaching the spawning grounds

is definitely inadequate in some areas. For example, in 1954, of the main school
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of sockeye salmon moving to deposit their spal?D in Lake Kurile in Kamchatka, only

320,000 fish reached the spa1?Ding ground, instead of the 2 million to 2.5 million

fish normally needed to fill the spa1?Ding ground, while 3.8 million salmon were

caught at sea by Japanese vessels. Hith such intense fishing, the number of

Kamchatka soel,eye salmon ,vill soon decline disastrously. There is also the

example of the population of sockeye salmon in the Kamchatlca River basin; as a

result of intense fishing, the catch rapidly dropped from 23,000 to 24,000 metric

tons, in 1937-39, to 200 or 300 tons; numerous conservation measures have failed

to raise it.

,nth methods developed to forecast the number of Pacific'salmon on the

basis of data concern~ng the survival rate of the spa1?D, larvae and fry) it is

possible to predict the nature and number of the spal?Ding runs wj:"h some accuracy.

The number of fish that may be caught in t:.," different regions should be established

in accordance with scientific recommendations for permissible size. The

Union of Soviet Socialist Republics is doing extensive work to provide better

conditions for the natural spawning of Pacific salmon and to improve the spa,?Ding

grounds. Fisll conservation measures are strictly complied with. The size of the

permissible catch is determined each year on the basis of the age composition of

the spavming stock. Extensive salmon culture operations are being carried out.

In vi6f of the depletion of the Pacific salmon popUlation, even greater efforts

are needed to conserve and increase it. Naturally, steps must first be talcen to

ensure the effective regulation of fishing; otherwise, measures of fish

conservation and culture uill be of no avail and the number of salmon ,vill rapidly

dilindle. It therefore goes without saying that the countries interested in keeping

up the Pacific salmon population must participate both in regulation of the size

of catch and in the culture of the fish.

Pacific herring

Though Pacific herring occur almost everywhere throughout the coastal waters

of the Far Eastern seas, there are several localized stocks which live in limited

areas and do not migrate long distances. The largest concentrations are kno1?D to

exist off the coasts of Salilialin and Hokkaido and along the north-western shores

of the Sea of Oliliotsk. Considerably sllEller populations occ;ur in the Shelekhov ~>
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bays along the north-eastern coast of Kamchatka. Between 1925 and 1935 the total

catch of herring in the north-western Pacific was almost one million metric

tons, but in recent years it has dropped to 200,000 or 300,000. The number of

Pacific herring fluctuates considerably, according to the sizes of the various

generations, which are to a large extent determined by oceanographic conditions,

and the intensity and nat~~e of the fishing.

It has been observed that the numerous generations of herring that spawn

along the north-~est shore of the Sea of Oldlotsk are those which were hatched

in years when there were no ice floes in the littoral zone, while the sizes of the

broods are reduced to levels of no practical significance for stock replenishment

in years when spawning occurs in an ~mfavourable ice regime. In view of the

fact that not more than two or three age groups are fished, the failure of any

one of them materially affects the catch.

The fluctuations in the number of herring in the Saldlalin-Rokkaido stock

(in the past twenty years, catches have declined from 900,000 to 100,000 metric

tons) are due to somewhat different causes.

The rise in the temperature of the Sea of Japan which began in the years

1922 to 1924 created unfavourable conditions for reproduction of the Sakhalin

Hollliaido herring, especially near Hokkaido, where by 1~30 the catches had been

reduced by one-half as compared 1vith 1920. Later, in the period 1933 to 1938,.
tne catches also began to decline gradually off the shores of Salrnalin and had

fallen to minimum proportions by 1938 (Svetovidov, 1953). \Vhen the temperature

of the Sea of Japan began to fall (after 1938), the catches gradually began to

increase, and high-)~eld generations appeared in 1939, 1940 and 1942; they

constituted the bUlk of the catches for nearly t1velve years. One generation alone,

that of 1939, yielded catches of over 700,000 tons. However, the number of these

high-yield generations wae substantially reduced and reproduction limited by the

intensive fishing of small, sexually immature herring, of which about 150,000
tons a year were caught in 1940 and 1941 (Probatov, 1953).

It is interesting to note that, as a result of the intensive fishing and of

an improvement in feeding conditions, some increase is observable in the

fecundity of fish of certain sizes, and also a rise in the growth rate

(Piskunov, 1952). Owing to the change in oceanographic conditions, however,
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and to irrational and intense fishing, the nu~bers of the reproductive population

have declined sharply, the area of the spawning grounds has contracted and the

catches have fallen. In order to increase the Sakhalin-Hoklcaido herring

population, the catching of young fish must be completely stopped, offshore

fishing regulated and the underwater vegetation in the spawning grounds protected.

Flatfish

There are a large number of species of flatfish (twenty-eight) in the Far

Eastern seas, of which only a few, which predominate in the catches, are of

primary importance to the fishing industry. Flatfish are scattered in a large

number of local, distinct and in some cases relatively small populations living

within the confines of a shelf where the oceanographic and feeding conditions

are favourable. The largest concentrations are found in the coastal waters of

western and south-eastern Kamchatka, near the Kuril Islands, in the Tatar Strait

and off the Soviet coast of the Sea of Japan and Sakhalin.

Their migrations are limited to a movement from the relatively deep regions

where they winter to the coastal shallows 1vhere they breed and feed, the total

distance of migration rarely exceeding eighty to one htrndred nautical miles,

except in the case of halibut.

The specific distribution and biology of flatfish make them particularly

vulnerable to fishing, and if this is not regUlated a stock may easily be

overfished. The effect of intensive fishing may be illustrated by the flatfish

stock of Peter the Great Bay (Sea of Japan); study of its influence began

simultaneously with the organization of the fishery, a circumstance which has made

it possible to verify many changes in the population almost frcm the first

appearance.

The flatfish population of Peter the Great Bay was practically unfished until

1929, but a rapid increase in the catch to 8,000 metric tons, in 1932/33, led

to a number of striking consequences. The average catch and the total take

declined rapidly in the four years following the organization of intensive

fishing, and the areas inhabited by the winter concentrations shrank from 2,000

square kilometres to 150 square kilometres.
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At the sam.e time a change occurred in the composition cif the catches,

through a sharp decline in the number of Lim.anda aspera, the main species fished.

The quantity of the oldest age groups in the population diminished, and the

Froportion of young, sexually immature fish increased considerably. The average

size of flatfish of all ages is increasing; for example, the length of one-year-old

males of.the species Limanda aspera has increased by 77 per cent (Moiseev, 1946).
Sexual maturity also comes earlier in such rapidly growing fish. Statistics

show that, on account of the more rapid rate of growth, there was a markedly

faster increase in live weight (Moiseev, 1946). In the following years fishery

protection measures were adopted: the catching of young fish was prohibited,

the·mesh sizes of fishing gear were controlled, prohibited fishing areas were

defined and a limit was set to the annual catch, which resulted in stable

fishery conditions.

The example of the flatfish population of Peter the Great Bay shows that

it is relatively easy, if fishing is intelligently regulated, to obtain stable

catches and to achieve the most efficient use of the populations for a long time.

At the same time it is easy to see that overfishing of flatfish can lead to a

sharp decline in the population, and some time is required for its rehabilitation.

It is easy to see that the great isolation of the flatfish populations of

the Far Eastern seas makes them much more liable to o'lerfishing than those in

the seas of the north~eastern part of the Atlantic Ocean, where the level of

flatfish fishing is already too high (Jensen, 1947; Margetts and Holt, 1947).

Cod

Cod are widely distributed in the coastal waters of the north-western Pacific.

It is known that there are substantial concentrations off the shores of Kamchatka

and in the Anadyr GUlf, near the northern and southern Kurile Islands and off

the shores of Sakhalin and in the Sea of Japan. The Pacific cod does not malce

the extensive migrations peculiar to the Atlantic cod. In various areas it forms

local p,?pulations which make small seasonal migrations, usually not exceeding

200 to 300 nautical miles. The isolation of the different cod populations makes

them highly sensitive to a change in oceanographic conditions and to the effects

of commercial fishing. Observations of the cod populations along the eastern
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coast of Kamchatka have shown beyond a doubt that the size of generations of

cod increases in periods of rising temperature, which is explained by the more

favourable living conditions for the young fish. A specially marlced influence

on the numerical strength of the population was noted for the particularly strong

brood of 1~34, which appeared for ten years in the catch.

On the other hand, very intense commercial fishing of cod in some areas has

led to a decrease in the average sizes, and to a sharp decline in the size of the

catch. Thus, on the coast of southern Sakhalin in the cod catch amounted to

54}000 metric tons in 1912/13, but the number of ccd inhabiting this area then

declined markedly, and the catches fell to from 15,000 to 20,000 tons during the

period 1931 to 1940 There is no doubt that the fragmentation of Pacific cod

into a large number of distinct populations makes them much less resistant to the

effects of commercial fishing than, for example, the Arcto-Norwegian stock of

cod, which inhabits a wide area, is numerous and offers great resistance to the

effects of intense fishing. Major changes in the abundance of cod of the

Arcto-Norwegian stoclc usually occur, not through the effects of commercial

fishing, but under the influence of fluctuations in oceanographic factors

(Rollefsen; 1949).

The foregoing shows that, in addition to a survey of the oceanographic

conditions and the determination of their influence on the numbers of Pacific

cod, the particular nature of their biology urgently calls for strict regulation

of the intensity of fishing in accordance with stock levels of each population.

Crabs

The king crab (Paralithodes ca~cschatica) is widely distributed in the

northern Pacific, but the most important concentrations are found along the

coast of Kamchatka, the northern and southern Kuril Islands, Salchalin and the

Sea of Japan. These concentrations represent separate, isolated populations

which rr:alce comparatively short migrations. There are no data on the influence of

protracted changes in oceanographic conditions on the numerical size of crab

populations, but the effect of intense fishing on the supplies of particular,

very heavily fished populations has been sho\vn most clearly.
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Thus, the crab fishery on the coast of south-western Kamchatka, organized

in 1916, from 1922 to 1924 began to land as many as 2.5 to 3 million crabs, which

very quickly led to exhaustion of the supplies in this area (Miyake and Matsuro).

The rapidly developing crab fishery off ~he south-western coast of Saldlalio,

Hhich yielded over 5 million crabs :1..n 1917, also resulted in a reduction in the

populat.ion - both a sharp reduction in the size of the crabs caught and a

diminution of the catches - after which a number of regulatory measures were

adopted. Thereaft0r the catch became stabilized at 1. 5 to 2 million units.

There is no doubt that the specific nature of the biology and distribution

of the king crab in the north-western Pacific calls for the same attention to

rational exploitation of resources as in the case of most commercial fish

inhabiting this basin.

The preceding data on the living conditions of sea fish and a.nimals in the

north-western Pacific, which to a considerable extent determine the peculiarities

of their biology), distribution and abundance, and the examples given of the

effectEi of too intense fishing on the individual populations of salmon, cod,

herring, flatfish and king crab are sufficient PToof that all the fish mentioned

may soon vanish if fishing is carried on without regard for the biological

peculiarity and abundance of each individual population. All this in turn bears

witness to the need for agreement between the States concerned on rational

exploitation of the natural resources - the populations suitable for commercial

fishing - the areas of distribution of whic~ arp. within the limits of coastal

Haters and of the high seas adjacent thereto, with a view to secur;ng the largest

possible catches while maintaining the populations at a high level.

Without co-ordinated effort on the part of the countries of the north-western

Pacific for the conservation and rational exploitation of these natural resources,

the resources may be exhausted ''lithin a short time. At the same time, there are

abundant fishery resources in the extensive open spaces of the north-western

PaCific, permitting rapid development of ocean fishing and a substantial increase

in the catches. Several species of tunas, sauries, swordfish and many other fish
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are L ~ ""eady being harvested to a great extent, and there is every reason to

believe that the catch of these can be considerably increa.sed 'vithout any

10ing-term reduction in their number. Their ,vide area of distribution in the

extensive open ,.aters of the Pacific, the great length of their migratory routes,

their great number and the fact that they spa\VD in the open sea make these fish

considerably less V'~:ll!erable to comnercial fishing than those ''1hich live in

coastal waters and. which concentrate for spa,ming in small areas in the shallows,

or in rivers.

'1

I
\,~
'ii~

ifuile about 9 million metric tons of fish and other marine anireals are I

now being ca.ught in the north Pacific, which is more than in any other ,Sosiu, there ~

can be no doubt that there are great opportunities for further in'i,ensifyine.: the ;

exploitation of he natural resources of this area of the w0rld oc~an throubh

development of ocean fishing. This method offers the best JSlJects fl'"f)!li tile

J?oint of view of proper utilization of the natural resources of the nor~~ Pacific.
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FISHERY PROBLEMS .AND FISHERY CONSERVATION IN ITALY Fisher

presented by

The Italia~ Delegation to the Conference

(The mimeographed text of this paper appeared as do·cl.lment A/CONF.10/L.20.
It was submitted in French under t.he title "Problemes de la p@che et de

sa protection en Italie")

Italy, with a coastline of 7,500 kilometres - a sizable leng~h when

compared \vith its land area - is deeply concerned With fishery problems,

because of the large number Ol inhabitants engaged in fishing and earning

their living by it; because of the high rate of fish consumption, especially

in parts of the country which have limited supplies of protein foods; and

because of substantial economic interest in fisheries. The importance of these

aspects of the ~~estion is sho\vu in the following table, which indicates the

extent of Italian marine fisheries in 1953.

Fishery area Fishermen Type of craft Catch

Total Number Motor Motorboats Thousands Millions
number using ships of ~uintals of lire

sailing
craft

Tyrrhenian Sea:

Northern area •• 5,695 1,238 203 567 108.3 2,018
Central area ••• 5,240 1,319 138 339 78.1 1,321
Southern area. 21,207 7,758 173 1,451 157.1 2,672
Ligurian Sea ••• 8,457 2,777 119 575 88.0 1,433

Total,
Tyrrhenian

431.6Sea••••••••••40,599 13,092 633 2,332 7,444

Sardinia •••••••• 6,409 1,638 36 521 77.2 1,948

Sicily ••••••••••42,496 10,290 604 705 524.5 9,238

Ionian Sea •••••• 4,353 1,346 18 37 92.8 1,409

,
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Fishery Fishermen Type of craft Catcharea
Total Number Motor Motorboats Thousands Millions
number using ships of qUintals of lire

sailing
craft

I
Adriatic Sea:

Northern area.14,351 4, 627 288 443 186.2 3,237
Central area ••14,155 2,837 737 322 289.9 4,941

.'\ Southern area.17,769 4,989 308 227 191.4 3,562

.~ Total,
'I Adriatici

Sea •••••••••46,275 12,453 1,333 992 667.5 11,778

Total 140,132 38, 819 2,624 5,187 1,793.6 31,778

Italian fishermen carry on their trade in territorial and international

Haters, namely the Ligurian sea; the Tyrrhenian Sea along the coast of Sardinia;

along the southern ccast of Sicily and in the Ionian Sea; the Adriatic Sea;

and outside the Mediterranean, along the western coast of north Africa and the

great Newfoundland banks. The richest areas, where the largest number of fishermal

and fishing vessels are found, are the Adriatic, the seas to the sourth of Sicily,

and the northern and central areas of the Tyrrhenian Sea.

The most important types of fishery for Italy' are traw"ler fishing, with

an annual catch of 1,101,697 quintals; clupeoid and mackerel fishing, with a.ri

annual catch of 667,010 quintals; and tuna fishing, with an annual catch of

24,877 quintals. Long-line, coastal and other types of fishing are of less

im:Portance.

Migrating clupeoids and scombroids are talcen with various types of net:

"menai.dll
, lampara and saccoleva nets, or purse-seines. Catches from these

fisheries, while. very large, are apt to fluctuate widely. They are closely

linked to the canning industry. These fisheries are of considerable importance

economically, and have a marked influence on the food situation because they add

an ablmdant and popular food.

Tuna fishing, which is traditionally a coastal occupation carried on

around Sicily and Sardinia with tunny nets, or madragues, is subject to wide

fluctuations and frequent periods of depression. An attempt is being made to
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introduce purse-seines into tuna fishing. This would make it possible to

catch tuna without using madragues and, given necessary controls to avoid

overfishing, might bring about a substantial increase in production.

Fishing by trawler, which gives the greatest catches, occupies large

numbers of fishermen throughout the year. It is carried out at certain fishing

banks by fishermen from a number of localities which have a long tradition of

this t ..,.-pe of fishing. Among the most important of these ere Chioggia, Fano,

Ancona, San Benedetto del Tronto, Molfetta, Mazara del Vallo, Porta Santo Stefano

and Viareggio.

For some years the fishel~en of the west coast of the Italian peninsula,

particularly those operating from the harbours of Tuscany and Liguria, have

been extending their activities from the shallower waters of the continental

shelf to the subjacent slope to a depth of 600 metres. It has thus become

possible to catch species hetherto unlmmltl on the market, for example, the

"malu" (Micromesistius (Gadus) poutassou), the "occhiono" (Chloropthalmus

agassizii), the red shrimp (Aristeus aristomorpha) &1d others, including

the Nonray lobster (Nephrope norvegicus), hitherto Immm only in certain small

areas, such as the Gulf of Kvarner in the Adriatic.

Thirty-five years ago trawler fishing was carried out almost exclusively

by sailing boats working in pairs. From 1921 onwards, motor trawlers began to

replace sailing boats and are the only ones used today, ,nth a few exceptions

in coastal fishing. The mechanizat!on of fLshing boats has resulted in

considerably increased catches, an increase which needs to be watched closely

in order to avoid overfishing. So far there has been no definite proof of

overfishing in Italian waters; as soon as such proof is forthccming, fishery

conservation measures will become necessary.

Italy began to regulate the use of fishing gear as long ago as 1882, with

Royal Decree 1090 of 13 November 18G2, enforcing the sea fishery chapter of

the law on fishing. Trawler fishing is regulated by a ministerial decree of

1 September 19)4, while the fishing of fingerlings is regulated by a ministerial

decree of 19 October 1939.

-292-

~

I~··.···i
f i
!1
l·1
I'~
11

I
r~1
'!

"1
1

t~

~

I~

~

f··.··.·.'.·.'.'·

.,

i
~

1'·.··.1.'.••'•.'

'");j
ill

, ~~

The

must be

increase

Governme

Italian

and ext:r

that of

The

the Adri

part of

'vithout

and also

of these

Th

with sp

the tHo

the Adr"

breadth,

conform

fish in

By trad"

Sea, an

betvTeen

the are

with th

Adriati

Th

Adriati

Consequ

conclud

protect

emphasi

Italian

Digitized by Dag Hammarskjöld Library



fano

1

,0

;h

~ial

The Italian fishing fleet requires further modernization, anQ several boats

must be replaced if maximum yield and security are to be attained. However,

increases in the fishing fleet are subject to very strict control. The Italian

Government, i~10se policy it is to ensure a sustained level of production for

Italian fishermen, is keenly interested in the protection of fishing in national

and ext~aterritorial waters where the national indust~y does not compete with

that of other countries.

The areas which Italian fishermen share with those of other countries are

the Adriatic Sea, the channel between Sicily and Tunisia, and the northern

part of the Tyrrhenian Sea. To enable the fishermen to carry on their trade

idthout detriment to the interests of fishermen of neighbouring countries,

and also to ensure maximum sustained production, bilateral agreements in respect

of these seas are required.

The terms of any agreements covering the Adriatic ivould have to be drawn

with special care. Since Albanian fishing in that area is aln10st negligible,

the two countries cciefly involved are Italy and Yugoslavia. Since biophysically

the Adriatic constitutes a single unit, it is not easy, oinng to its limited

breadth, to delimit the respective territorial waters. Further, the different

conformation of the east and west coasts of the sea results in a prevalence of

fish in certain areas; these are naturally the most frequented by fishermen.•

By tradition, fishermen from the Italian co~st have trawled the entire Adriatic

Sea, and this led to agreements, first between Italy and Austria, and later

between Italy and Yugoslavia. Recently, in consequence of political changes,

the areas available to Italian fishermen have become more end more restricted,

with the result that a crisis of some severity has developed in the Italian

Adriatic fishing industry.

The Italian Government is pspecially ccncerned with protecting the

Adriatic fishery in order to 3uarantee the livelihood of its fishermen.

Consequently, in addition J an agreement on conservation measures which it has

concluded with Yugoslavi<) negotiations are now proceeding with a view to

protecting the economi~ and social interests of both countries. It must be

emphasized that the Gi~uatio~ is particularly difficult with respect to the

Italian sea fishery, which, despite the availability of equipment and highly
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skilled fishermen, is confined to a feW" very limite' cl::~d ncrmally under

productive fishing grounds. For this reason, the condition of the Italian

fisheries is extremely important economically and has serir'ls social aspects as

'''ell.

While the Italian Government is concerned ,nth fishery conservation,

it is also constrained to provide employment and the means of subsistence

for a large section of the coastal population. It must therefore obtain new

areas of activity for its fishermen; this might be done by means of international

agreements to allocate fishing activities more nearly in accord with the

productive capacity of different areas.

The Italian delegation believes that, so far as the Mediterranean is

concerned, one of the most effective means of conserving the living resources

af the sea W"ould be a better distribution of fishing activity with a view to

obViating any undue disparity betW"een overfished and underfished areas.
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LIFE HISTORY, ECC'LOGY AND BEHAVIOUR OF IMPORTANT SPECIES CONSTITUTING
THE FISHERY RESOURCES OF THE SEAS AROUND JAPAN

presented by

The Japanese Delegation to the Conference

COMMENT BY THE KOREAN DELEGATION AND FURTHER COMMENT
BY THE JAPANESE DELEGATION
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Sardine

As the unit of conservation management, Japanese sardines, Sardina

melanosticta Temminck and Schlegel, are deem~d to comprise one population.

They are caught in all the coastal waters around Japan.
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The development of the sexual organs of this sardine begins fully one

year after birth, when the body length is twelve to si*teen centimetres, and

they are fully mature at two years, with a body length of eighteen centimetres.

The number of each sex is about the same, but among the older fish there are

more females than males.

The age composition of sardines caught in the Pacific coastal waters of

Japan in 1953 is shown belmv.

North-eastern
coastal vraters:

Under 1
1
2
3

Total

'Height
(metric tons)

6,873
3,236
8,396

75
18,547

Per cent of
total catch

37.1
17.5
45.2
0.2

100.0

Middle coastal ~aters:

Under 1
1 . • .
2
3

Total

TJ)
532

1,155
5

2,44-(

30·9
21.7
47.2
0.2

loo.r

The most important spa'lminc; grounds of the Japanese sardine are located

around the Goto Islands off the north-western coast of Kyushu. There are also

other spa"ming grounds in the Sea of Japan, south of the Noto peninsula, and

along the Pacific coast, south of the Boso peninsula. The spavming season is

in December in the south, and IF • in the north - in June. The water temperature

for spmming is from 130 to 170 centigrade. In the spa'lming season, tha fish

remain in deep water during the day but come to the surface in the evening

tVilight. Spa'lming takes place from 8 0 'clock to 10 0 'clock in the evening.

-296-
Digitized by Dag Hammarskjöld Library



one

, and

imetres.

e are

rs of

.. ':;

i
"

The number of eggs spawned by a one~year-old fish of about 16 centimetres

is about 20,000, but a large fish, of over 20 centimetres, spamls approximatel;}T

100,000 eggs. Eggs are hat!:hed in about sixty hours, or two to three days. The

hatched larvae are 3.2 millimetres in length. In thr~e to fo~r days, they grow

to 5 millimetres, and at the time of scale formation, to 55 millimetres; in

three months after birth, they are from 50 to 60 millimetres in length; at the

time of takir:.g adult form, 75 millimetres; in six to seven months after birth,

about 100 millimetres; in one year, 120 to 160 millimetres; in two years, about

leO millimetres; in three years, about 200 millimetres; in four years, about

210 millim<.;tres. Their longevity is estimated at four years or thereabouts.

Eggs spawned and larvae hatched in waters adjacent to the south of Japan

are carried along by the current. When the fish are strong enough to swim 

five to six centimetres long - they begin to go northward to se~k food, until

August or September. In autumn and "lintel' they swim south'·Tard. VJhen they

are more than a year old, they again go northward to seek food in spring and

summer, and then swim south to s:pa,m in autumn and ,anteI'.

Sardine larvae and juvenile fish feed on zooplanldon. lihen they grow a

little older, they eat phytoplankton in addition to zooplanldon. The aduit

fish feed largely on the diatom plankton found in the waters.

The follOl'ling figures show the sardine catch in 1953 by type of f:i.smng.

The catch of sardines, which reached a peak of 1.6 million tons in 1936,
g:cadually declined, but since 1945 has shown a rising trend. One reason

this change may be that these fish, which earlier had chaL6ed their spa'ining

ocated

are also

a, and

ason is

temperature

ha fish

,ning

"ening.

,
f

':;:
':,i
!
"

has

for

Surrounding nets
Beach or boat seines
Gill nets
Set nets
Lift nets
Angling and long lines
Drag nets
Other types

Total

Weight
(Metric tons)

417,063
102,533
61,541
38,970
32,441
1,826

45
5,561

659,985

Per cent
of total

63.19
15.54
9·32
5·91
4.91
0.28
0.01
0.84

100.00

.,. 244
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grounds for more northerly areas, thereby reducing the size of the suitable

spa,ming area, havE: ..ml again extended their spa,ming grounds south'lard and

enlar~ed them. During tt~~s period the total catch fell LJ to 70 per centj it

has been estimated that 17 per cent of this drop was the result of fishing.

HerrinG

Herring, Clu"ea pallasi Cuvier and Valenciennes, are found in all waters

around Honshu, Hoklmido and sonthern Sakhalin, but they are considered one

population for the purpose of conservation management. In addition, there are

two or three small populations which come into lakes to S~2'~1. Herring are

cau0ht in the waters around southern Salu1alin and Holu{aido, especially in waters

north of Shilwtan, HoYJmido. They uere formerly caught in the Sea of Japan

in watLrs north of Yar.Jagata prefecture, and in the Pacific in waters north of Miyagi

prefecture, and also off the south-eastern part of Korea.

The mature individuals constitute 10 per cent of the three-year age group;

30 to 60 per cent of the four-year age grOUpj and 100 per cent of the five-year

and older grol~s. Their body length in maturity ranges from 26 to 30.5 centimetres. ~

The spallning season is during March to May - earlier in the south and ~{

later in the north. The ,vater teIlIferature for spa,ming is higher in the south

50 to SO - and lower in the north - 30 centigrade. The fishing grounds are

also the spmming grounds. As the spa,ming season approaches, the herring

gradually come up to the surface lay~r of the sea and move towards the shore.

In the spavming season they approach the shore in shoals and spa,m on seaweed

and similar matter. Tpe number of eggs sp8~med by a fo~r-year fish is about

40,000. However, larger fish generally spavm more eggs than smaller ones, though

~hey may belong to the same year-~lass.

At water temperatures of 7.30 to 8.40 centigrade, eggs are hatched in

blenty to Gventy-two days. In five to seven days after birth, their yolk is

consumed and they grow nine to ten millimetres in len~Gh. They grow to

2.5 centimetres in one month; to 4 centimetres in two Gonths, to 7 centimetres

in three months, to 10 centimetres in six months, to 15 centimetres in a full

year, to 22 centimetres in two years, to 26 centimetres in tiu'ee years, to

29 centimetres in four years, to 30.5 centimetrec in five years, to 32 centimetres
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in six years, to }3 centimetres in seven yeo.rs, ~entimetres in eight

;{ears, to 34.5 centimetres in nine years and tc 35 centimetres in ten years.

Their longevity is generally eight yearG, but there are a few which are thought

, "ears old or thereabouts.

Herring-feed chiefly on zooplanl~on, such as copepods and euphausids.

The stomachs of most fish "lhich have come from the bottom and middle layers

of the sea are empty; they begin -to seek food and eat a ereat quantity until

about six days before spalming. In about sixteen days after spawning, they

begin to feed again and "become thick, t1fat herringll
• At.ka mackerel, greenling

and starfish eat the eggs of herring.

The juvenile fish grow in the Sea of Old1otsk, then swim south in autumn

along the Pacific coast. The following year they run northward and again

enter the Sea of Okhotsk. In autumn, they again migrate south down the Pacific

coast along the northern part of Honshu, and then return to the Sea of OkliOtsk

until the follovTing summer. Some of them - the three-year olds - appear

for spa,ming near the coast of Holdmido and southern Sald1alin, but most of

them stay in the Sea of OkhOtRk, After the spaVTning season they migrate to the

northern part of the Sea of Old1otsk, and then go s01.lth into the Sea of Japan

in January. _ Feb:;:ouary. During the migration, t~ey are caught either as

spring, or spaiming, herring of three years or over, or as immature summer

herring.

The herring catch of 1933, of about 405 million metric tons, was the

highest on record; one of about 40,000 tons "las the lowest. Recent production

has ranged from over 100,000 to more than 300,000 tons, as shown in the

accompanying table giving the age composition of the catch from 1939 to 1954.
nerring are caught by set nets and gill nets, used in about the ~ropcrtions

shown below. The size of the herring catch depends upon the number of men

engaged in fishing &ld also upon various environmental factors.

1940 1950
Numcer of set nets 602 1,025
Number of gill nets

(converted) 475 917
Total 1,077 1,942

-299-

Digitized by Dag Hammarskjöld Library



/~
<

-
.
"
,

[1 \4 t">~ ;'.i i~
•

"
:n

Y
ea

r
A

ge
(y

ea
rs

)
T

o
ta

l

il
}

4
5

6
7

8
9

10
11

12
1}

14
15

16
f)l

an
d

ov
er

\;J r~l
W

ei
gh

t
(
m
e
~
r
i
c

to
n

s)
ij l'

~ r~
19

}9
.•

••
••

••
••

••
•

4}
,5

08
49

,B
o9

},
29

6
1,

99
1

B
B

}
1,

82
6

10
1,

}1
2

{'{
19

40
••

••
••

••
••

••
•

},
39

5
11

6,
71

0
}5

,5
10

2,
94

0
50

6
},

05
0

16
1,

17
4-

i
i IJ

19
41

..
..

..
..

..
..

.
1,

55
2

18
,0

96
1}

5,
12

8
5,

90
2

2,
09

9
1,

2}
4

16
8,

01
1

19
42

••
••

••
•

0
•
•
•
•
•

27
,6

01
24

,}
29

18
,3

62
88

,5
04

12
,5

64
11

6
17

1,
4-

05
I~

19
43

••
••

••
••

.•
••

•
65

0
22

1,
77

8
22

,9
0T

'.6
,5

21
36

,6
10

71
}

29
9,

25
'

14 \';1
19

44
••

••
•.

.•
••

••
.

}1
1

2,
08

1
'1

4,
98

P
17

9,
15

0
10

,6
4}

17
,4

26
36

3,
}4

5
Hi

19
45

••
••

••
..

••
•.

•
19

,4
1}

50
5

1,
71

1
28

9,
03

2
8,

45
9

15
,8

31
3.

34
,9

50

fl
19

46
.•

.•
..

..
.•

.•
.

3,
}8

6
40

,9
55

2,
88

9
9,

25
8

18
},

81
0

16
,9

04
5,

72
4

6
,
6
1
~

26
9,

56
9

19
47

••
••

••
••

••
••

•
1,

21
9

5,
40

9
28

,2
27

1,
90

0
26

,9
30

11
7,

82
5

12
,5

09
2

,9
0

fi
19

7,
01

2

:~
19

48
..

•.
.•

..
.•

••
.

71
1

11
,4

6}
15

,2
00

29
,5

9}
2,

}7
2

6,
41

}
10

4,
85

5
7,

14
4

17
6,

25
0

•
,

'.~

19
49

•.
••

••
••

•.
••

•
31

,9
04

13
,0

49
16

,4
00

8,
75

6
18

,1
40

2,
}8

1
},

}8
5

84
,0

42
17

8,
05

6
~ ,I

19
50

..
..

..
..

..
..

.
4,

}1
0

59
,3

28
5,

11
7

5,
41

8
4,

99
8

13
,1

63
96

2
2,

26
9

62
,7

77
1,

46
5

15
9,

80
6

1
I

19
51

••
••

••
••

••
••

•
17

,7
Bo

10
,9

28
53

,}
99

1,
44

0
4,

15
0

5,
36

7
7,

27
5

},
45

4
1,

55
6

60
,9

90
1,

74
8

l6
6,

08
8

V
I

19
52

••
••

••
••

.•
••

•
1,

83
5

16
3,

66
4

8,
44

7
23

,8
04

1,
91

6
2,

90
3

5,
gB

}
5,

21
1

1,
67

5
2,

40
}

49
,4

57
84

0
26

8,
1}

9
8

"~
I

19
5}

•.
••

•.
••

••
••

•
2,

51
0

1,
4-

54
18

6,
79

8
4,

25
1

8,
74

}
1,

08
2

1,
01

3
4,

15
4

2,
04

5
35

B
15

8
19

,6
82

30
0

23
2,

58
0

l
19

54
•.

••
••

••
••

••
•

1,
05

3
1,

82
6

74
0

76
,9

98
94

1
},

65
1

}9
2

1,
10

}
50

8
},

44
}

92
}

52
0

19
,1

84
19

1
11

1,
4-

71
11

,.

P
er

ce
n

t
o

f
to

ta
l

• I
19

39
..

..
..

..
..

..
.

42
.9

49
.1

3.
3

2.
0

0.
9

1.
8

10
0

19
40

••
••

••
••

••
••

•
2.

0
72

.4
22

.0
1.

4
o.

}
1.

9
10

0
19

41
••

••
••

••
••

••
•

0.
9

10
.8

Bo
.4

5·
9

1.
2

0.
8

10
0

19
42

•.
••

••
••

••
••

•
16

.1
14

.1
10

·7
51

.6
7.

}
-

10
0

~
19

4}
••

••
••

••
••

••
•

0.
2

74
.1

7.
7

5.
5

12
.2

0.
2

10
0

19
lf.

4
••

••
••

••
••

••
•

0.
1

0.
6

86
.7

4-
.9

2.
9

4.
7

10
0

19
!J.

5
..

..
..

..
..

..
.

5.
8

0.
3

0·
5

86
.}

2.
5

4.
7

10
0

19
46

..
..

..
..

..
..

.
1.

2
15

.2
1.

1
}.

4
68

.2
6.

3
2.

1
2.

5
10

0
19

47
••

••
••

••
••

••
•

0.
6

2.
8

14
.3

0.
9

1}
.8

59
.8

6.
4

1.
5

10
0

19
48

••
••

••
••

••
••

•
0.

4
6.

5
8.

6
15

·9
1.

}
}.

6
59

.5
4.

1
10

0

I
; ."

19
49

••
••

••
••

••
••

•
17

.9
7.

4
9.

2
4.

9
10

.2
1.

3
1·

9
47

.2
10

0
19

50
••

••
••

••
••

••
•

2.
7

37
.1

3.
2

,.
4

3·
1

8.
3

0.
6

1.
4

39
.3

0.
9

1
0

0
19

51
••

..
.•

••
••

•.
•

10
.6

6.
5

31
.8

0.
9

'.
5

3.
2

4.
}

2.
0

0.
9

}
6

.,
1.

0
1

0
0

I
14

"

19
52

..
..

..
..

..
..

.
0·

7
61

.0
3.

2
8.

9
0.

7
1.

1
2.

2
J.

.9
0.

6
0.

9
18

.5
0

.,
10

0
,. /.

,.

19
53

..
..

..
..

..
..

..
i

1
.1

0.
6

Bo
.3

1.
8

,.
8

0.
5

0.
4

1.
8

0.
9

0.
1

0.
1

8.
5

0.
1

1
0

0
"'

,
~
,

19
<;

4
.•

••
••

.•
••

••
•

0.
9

1.
6

0·
7

69
.1

0.
8

3.
3

0.
3

1.
0

0.
5

'.
1

0.
8

0·
5

17
.2

0.
2

10
0

r..
~~
~;
:!
(~
H.
:~
._
:~
~,
t£
;:
1,
;j
di
ff
i§
£l
$6
H~
-~
".
J.
.;
·.
'~
,~
;~
..
:.
.&
i.
i;
~"
"-
~.
,.
.:
,_
~l
A~
.-
~~
rr
:?
..
t~
~"
._
·

..
..
,
"
*
;
.
_
.
"
,
:
:
.
.
.
:
.
'
"
~
~
-
:
.
_
.
,
,
~
~
~
-
'
.
,
'
.
.
;
.
f
.
;
~
.
U
j
~
L
:
'
~
I
S
,
r
.
:
"
m
"
L
~
_
~
i
-
.
.
=
.
~
.
=
=
\
.
.
_
~
_
~.._
~~
.'
i.
1.
4;
-:
.:
,:
~-
,

.+
-il

l
2

tLW
r" ,- , '..

11
-'

I
8

CI
l

~
t}

III
S

U
l

::
;'

8
(;

)
U

'\
1-"

1-
'-

c+
l:..

.l
c+

0
'

CD
..--

-..
c+

Cl
III

1-
"

\ro
:

CI
l

8

1
(,

-...
~

0
t-

j
III

:;::
1-

"
::

;'
CD

0
::s

::s
::

;'
.§

::
;'

«:
U

l
~

§
~

t-
j

::s
Id

g
;to

s::
CI

l
III

CD
Cl

1-
'-
g

CD
8-

CD
t-

j
c+

1-
'-

CD
I-

'
§

f~
«:

c+
I-

'
l>i

"
El

«:
c+

0
H

J
III

CD
~

1-
"

~
I

(IQ
III

I-
'

I
(J

)

I
::

;'
~

CD
0

CD
1-

"
0

::s
0

::s
::s

CD
1-

"
S

«:
g

~
~

0
Ii

CD
~

CD
1-3

CI
l

:;?
t;

i
K

~
m

CI
l

\-3

~
CD

s::
0

.
(J

)
F.

'
~

CD
K

~
1-

"
CD

C
CD

Ii
I-

'
g

CD
CD

c+
~.

::
;'

-:
I

Ii
t-

j
«:

~
~

III
III

I-
'

CD
::s

C
l

,-
.~

CD
::s

I-
'

III
CD

I-
'

\-
'

0
CD

0
«:

c+
CD

CD
..

I-
j

III
n

I-
'

III
(I

Q
CD

o·
::s

::s
I-

'
8-

m
El

Ii
CD

~
P

'
1-

3
III

CD
Pl

p
,

..
l:J

C
l

0
I-

'
1-

"
~

"
n

C
-j

~
c+

p
,

§
~

Id

~
CD

Cl
~

.
P

'
t-

j
I-

'
::s

0
III

~
I-

'
(I

Q
./

1-
'- rr

III
.§

g.
CD

CD
Ii

CI
l

CD
8-

cv
CI

l
«:

..--
-..
~

\0
I\

)
s::

l:J
m

t-
j

I-
'

G
CD

§'
~

p
,

c+
CD

.§
l:J

..
•

CD
I-

'
+:

'"
I-

'
~

CI
l

c+
0

Id
1-

'-
Q

tl,
III

Ii
III

III
Cl>

P
,

1-
"

..-
--.

.
c+

P
'

8
m

~
'
E
-
I
-
'
~
I
d

1-"
III

III
G

0
::s

I-
'

.1-
:'

(
~

S
I-
'~

::s
1:"

!:1
Cl>

e'
:!

:
m

t1
fQ

,
~

I-
'

p.
.

I-
'

1-
"

::s
0

.-
..-

.....
.

-"
...

...
<

.-
'

Digitized by Dag Hammarskjöld Library



I
!'

The recent poor catch is considered a result of a shift to the north of the

spawning grounc near Hokl~aido.

Yellm-rtail

Yellowtail, Seriola ~uin~ueradiataTemminck and Schlegel, are caught

in all coastal ,vaters of Japan. For purposes of conservation management, they

are all considered to belong t.") one population. The age composition of fish

caught annually in Sagami Sea is as follm·1S: one-year fish, 16 per cent;

two-year, 21 per cent; t~ee-year, 30 per cent; and four-year 25 per cent

(Ail~awa, 1949).·~./ The size of a population in the management unit has been

estimated at 129.3 million fish by Tauchi (1940) or 125,615 to 805,625 tons,

by Aikawa (1949).

Some yellowtail become mature two years after birth, but most, after

three years. Their spawning grounds are located in coastal waters off southern

Japan. The spawning season begins in February in the south and ends in June in

the north. They reach three centimetres t\fO months after birth, 15 centimetres

in four months, 20 centimetres in six months, 30 centimetres (one kilogramme)

in one year, 40 to 50 centimetres (three to four kilogrammes) in two years,

50 to 70 centimetres (six to seven kilogrammes) in three years, and 70 to 80

centimetres (eight to nine kilogrammes) in four years.

The optimum water temperature for yellowtail is 140 to 170 centigrade.

They swim rapidly when seeldng food but move slovTly in spa,ffiing time. Their

highest speed is about forty-nine sea miles a day; in ordinary times they

svTim about ten sea miles a day.

~ Yellowtail feed on other fish, the adults on anchovy, sardine, horse
:~

.~ macker>el and mackerel. The larvae a" '1 juveniles live under floating weeds and
;'!

are often eaten by other fish. The adults are eaten by porpoises, pilot

whales and dolphins.

The total catch of yellowtail in 1890 \fas 15,000 tons; the recent record

'I-TaS well over 50,000 tons (figure 41). The~r are caught all year round in

southern Japan; in northern Japan, large fish are caught chiefly in summer.

They are caught by set nets, trap pockets and long-line and pole-and-line fishing.

~/ See bibliography for references.
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Figure 41. Japanese catch of yellowtail, 1930 to 1952
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Mackerel

Mackerel caught by Japanese fishermen include two species: Scomber

(or Pneumatophorus) japonicus Houttuyn (Japanese mackerel)" and Scomber

tapeinocephalus Bleeker (Japanese spotted mackerel or southern macll:erel).

Japanese macl~erel are caught in all coastal vraters around Japan" in the Yellow·

sea and in the East China Sea. Japanese spotted mackerel or southern mackerel

are abundant in waters around southern Japan. The two species are considered

one population and are treated as a unit of conservation management.

Some of the mackerel become mature t''10 years after birth" and the

rest after three years. Their spawning area includes all the coastal waters

of Japan. The spawning season extends from April to June; it is earlier in

the south and later in the north. Spawning water temperature ranges from

13.5
0

to 21
0

centigrade" the optimum temperature being 180 centigrade. The

number of intra-ovarian eggs of a mackerel is estimated at JOO"OOO to 400,,000

and they are spawned in four or five deposits. At 20
0

centigrade" the eggs

are hatched in about fifty hours. In six months or a year they grow to 12

to 20 centimetres in length; in two years" to 25 to 50 centimetres; in three

years, to 50 to 34 centimetres; and in four years" to 34 to 38 centimetres.

Most of the commercial fish belong to two-year to· four-year age groups; fish

of five or six years are very fel-!e

Japanese macll:erel live in waters of 70
to 23

0
centigrade" and their

optimum temperat"clre is 100 to 20
0

• Japanese spotted mackerel live in warmer

"lV'aters - of 15
0

to 280
• Young fish of both species live in warmer waters

than the adult. \I1hen the Japanese mackerel leave southern waters" the

spott~d mackerel'appear there.

Both of these fish migrate in shoals. The youngest class and the one-year

group make separate shoals" while the two-year group and older age groups

live together. They make especially dense shoals and come up near the surface

in the spawning season. Japanese mackerel run northward during spring

and summer, SWimming through the surface layer of the sea; late in autumn and

early in winter they swim south"l'18rd through the bottom layer, spending

the winter in the coastal waters of southern Japan. Most of the spotted

mackerel leave Japanese coastal waters in winter and travel southward•

-303-
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The mackerel feed on pelagic crustaceans, small squid and small fishes,

such as sardine and sand launce.

The mackerel catch in pre-war years exceeded 100,000 tons, but it declined

after the war, dropping to little over 60,000 tons in 1946 (figure 42).

However, this decline was followed. by a marked recove;ry, the catch amounting to

about 230,000 tons in 1953. Spotted mackerel represented less than 30 per cent

of the total catch.

Formerly commercial dip nets were used for mackerel fishing, but now

motor vessels with improved surrounding nets, and with hanezuri (a type of

angling equipment), are being used. There is no fear of Qverfishing with respect

to Japanese mackerel. As to Japanese spotted mackerel, it is believb::' ~- ....

more fish can be caught without harm to the fishery in the East China Sea

and the Yellow Sea.

Skipper

Skipper (Cololabis saira Brevoort), Pacific saury or mackerel pike, are

regarded as a single population in Jape.n for purposes of conservation management.

In the Pacific they are caught in waters from the Kuril Islands to the Okinawa

Islands (250 north, 1360 south). They become mature three years after birth,

and fish of over twenty-seven centimetres (three-year to four-year groups)

can spawn.

In the spawning season they approach the coast. They spawn 700 to 900

eggs per fish at a time, twice or three times during the season. Their spa"W?1ing

grounds are located in the waters south of central Japan. The spawning season

covers a long period, from November to the follOWing June 0 The fish spawn

in November and again in June in the northern part of the spa~ning ground, and

once in March in the southern part. The optimum water tempera:ture for

spawning is 150 to 180 centigrade.

At water temperatures of 150 to 160
centigrade, eggs are hatched in ten

hours. Juveniles - seven millimetres in lengtl:: - and young fish are carried

northward by the sea current as far as the northern waters of Japan. The

youngest fish (under one year) are nearly always found in coastal and off

shore waters; they gradually move northward.

•
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During the southward migration of the adult fish (twenty-five centimetres

or more) along the Pacific coast, the;)' are dense:L.y crowded. In August they

are in northern waters, grb.dually coming southward to reach the central part of

Japan about November. TheGe large shoals are fished commercially to a great

extent. In the Sea of Japan, however, the migration of adult fish is very smsll

in scale. The fish are in the southern waters of the Sea of Japan in the

spring; they then migrate northward to Teach the waters off the west coast of

Hokkaido in summer. The optimum water temperature for these fish is 150
to 240

centigrade, They are typical pelagic species, and rarely descend deep into the

sea even in the daytime. Adult fish feed on crustacee.ns and diatoms.

Before the war, the size distribution of the catch showed two modes, at

25 centimetres and at 29 centimetres. Since the war, however, tbe two modes

have disappeared, and there is now a siDl!,le mode between 26 and 27 centimetres.

The phototaxis of these fish is strongly positive, but in the spawning

season their r8~tion is weakened to some extent. Before the war, the catch

by drift net amounted to 10,000 to 20,000 tons, but after the war the use of

commercial dip nets, and of lights because of the strong phototaxis, multiplied

the catch tenfold; it reached nearly 250,000 tons in 1953 (figure 43). The

amount of the catch per boat by use of drift nets averaged 17.5 tons in 1932,

while by newly employed commercial dip nets it averaged 114.6 tons in 1951.

Despite increased exploitation by this method, the present fishing rate can

be maintained without fear of overfishing.

Tuna

Dominant species among the tunas caught in Japanese waters are the

albacore, Germo germo Lacepede, and the bluefin tuna, Thunnus orientalis

Temminck and Schlegel. The total catch of tunas in Japanese waters is relatively

small. These albacore and bluefin tuna are now considered a single population

from the point of view of conservation management.

The albaccre are caught in almost all waters between the east coast of

Japan and 1800
east, and also between 400

and 250 north. The bluefin tuna

are caught in all coastal waters of Japan and in the high seas off the coast

of the islands of Japan 17i~hiL longitude 1500 east and latitude 250 north.
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Figure 43. Japanese catch of skipper, 1930 to 1953
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In the waters near the Midwu.,. Islands, large albacore are (~aught in November

to March, and :i.n Japanese northern waters, small albacore are caught in July

and August. Large bluefin tuna are canght off the Pacific coast of Japan, in

winter in the waters south of the central part, and in sumJner in the waters

north of the central part. In the Sea of Japan, tuna of medium size are

caught in spring and summer. Small tuna are caught in all coastal waters

all year round.

Both albacore and -bluefin tuna eat many species of fish. In the stomachs

of the adult, there can be found a large number of juveniles and young fish

of different species.

The body weight of the ccmmercial fish is under ten kilogrammes for the

small type of Llbacore and from ten to thirty kilogrammes :for the large type.

The small type of bluefin tuna is under twenty kilogrammes;; the medium type

weighs from 20 to 100 kilogrammes; and the large type is over 100 kilogrammes.

The number of intra-oval:'ian eggs is exceedingly large: the albacore has about

300,000 eggs; the bluefin tuna, about a million. The spawning grounds of the

albacore are in the wa"';ers off the Midway Islands and those of the bluefin

tuna are located in the waters south of the subtropical froIl\t.

There has been no great increase in the bluefin tuna catch, but with improved

techniques and gear for long-line fishing, the catch of alba(~ore has greatly

increased in recent years, as the following figures indicate.

Catch (tons)

Average, 1921-25 1953

Albacore •••

Bluefin tuna • • • • . .
ll,250

22,500

52,500

17,250

Bottom fish in the East China Sea and the Yellow Sea

Fishery resources in the East China Sea and thl:l Yellow Sea \~onsist of

more than 250 economically important species of bottom fish. They are

considered a single unit, however, in conservation management. l~s a group,

bottcm fish in these seas behave differently frcm those in adjacE!nt waters,

and rarely intermingle with other fish.

-307-

M PEEES

Digitized by Dag Hammarskjöld Library



.. '--- '- -'.

I

Figure 44. Ca.tch of bottom fish by otter trawler in East China Sea and
Yellow sea, 1930 to 1953
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Most of these species spawn in coastal waters, and their larvae P- d.

juveniles grow there. The adult fish migrates for feeding towards the ,__ .m

sea, each species taking its own route:. Movemen+-"l of bottom fish as a whole

are very complicated; they are caught all ye.ar round in all fishing

grounds. Most of the bottom fish feed on Dekton Md benthos, and they generally

eat other fish. Larvae and juveniles of all species are preyed on by adult

fish of other species. Among the bottom fish, the struggle for existence makes

the populations closely interdependent.

The Japsnese catch of bottom fish in 1940 was 200,000 tons, but it dropped

to under 20,000 tons in 1945. At present, production he.s been restored to the

level of pre-war years. The catch by otter trawlers amounted to 34,189 tons

in 1953; two-boet trawlers caught 238,000 tc~s, making a 'votal of over 272,000

tons. The number of licensed boats and the catch per boat in 1953 are given

below. Catches for earlier years are shC'WD. i:r:: figures 44 and 45.

)oat

i

g
1":"
si

1

Otter trawlers

Large tra,.lers

. . .
Number

58

783

Catch per boat (kilogrerrn:.es)

707.625

543.75
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Figure 45. Catch of bottom fish by two-boat type of trawler.
in East China Sea and Yellow sea. 1940 to 1953
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Most of the fishing boats remain in pOl:t during July and August. The

Japanese fishing fleet operating in these waters is as large as iD pre -"Tar

years, but despite improved gear and faciJ.ities, the annual average catch

per net has dropped from 851 kilogrammes in 1947 to 547 kilogrammes. In

view of the. rising trend in the total catch, hOlrwer, it is not thought that

there is darlger of overfishing. Nevertheless,:...t is considered desirable not

to increase further the number of boats in the area. Biological investigations

are now being carried on by experts regarding the species of fish constituting

the resource.

Bottom fish in Japanese co~~~al waters

There are many species of fish iD Japanese coastal waters, and dominant

species vary according to the fishing grounds. For purposes of conservation

management, however, they are treated as a single population. They are

found around Japan in waters under 200 metres in depth, but in certain regions

they may be fished in waters 500 metres in depth.

These fish generally come near the shore in their spawning seasons and

then leave after spaT"TD.ing. They remain in the same general area, with onJ.y small

migrat ions. Most of them become mature in one or two years after birth, and

spawn in spring or summer; the catch of the commercial fishery consists

largely of one-year-old to three"'year-old fish.

The catch in 1944 was 45,000 tons, the lowest recorded in twenty years.

Since then, the amount has risen. g:.:-adually, to more than 500,000 tons in 1953

(see figure 46) 0 As the chart indicates, the rising trend occurred both in

total production and in the catch per boat. Because of conservation measures,

however, the number of registered fishing boats in Japanese waters, amounting to

2,836-in 1951, was reduced to 1,983 by the end of 1954.

Squid

The squid (Ommastrephes sloani pacifius Steenstrupj flying squid or

sagittated calamary) are caught in all coastal waters of Japan. In

conservation management they are considered one unit. The unit consists of both

the summer and the winter spawning groups, the quantity of the former being

only 10 to 20 per cent that of the latter •

....
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Figure 46. Annual catch of bottom fish in Japanese waters,

1932 to 1953
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The number of males and of females in the spawning group is almost

the same. About 500,000 eggs are spawned per fish. The summer group remains

in the south from June to August and is found in the no:... ch from July to

September. Favourable water temperature is about 230 centigrade. The winter

group is found south of central Japan f'rom January to March when the water

temperature is over 100 centigrade. They do not spawn in ~he north.

The body (mantle) length of the squid attains 7 centimetres in two months

after birth, 15 centimetres in six month3, 19 centimetres in seven months,

20 centimetres in eight months, 2l cent:i.metres in nine months, 22 centimetres

in ten months, 23 centimetres in eleven monthe- and 25 c:entimetres in twelve months.

They become mature in a year, and die aft€.' spawning. The squid feed chiefly on

sardines, small mackerel and pelagic crustaceans.

During the day the sqUid swim in a layer about 100 metres deep; they rise

at night to a surface layer. During the autumn and winter they come southward

from Hokkaido to Kyrshu. In the spring they move northward from the south and

reach Hokkaido in the summer. Some groups remain in one place and do not

migrate. The highest speea of the migration of others h"ls been estimated

at ten sea miles a day.

The popu::'ation of squid has increased in recent years. Formerly, the

average annual catch was 100,000 tons, but it has recently risen to between

400,000 and 600,000 tons (figure 47), still only 5 to ~~ per cent of the

estimated total population.

(Bibliography follows on page 315)
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Figure 47. Japanese catch of squid, 1928 to 1953
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COMMENT BY TEE KOREAN DELEGATION
ON THE

PAPER SUBMITTED BY THE JAPMilESE DELEGATION

The Korean delegation "rishes to make a few comments with reference to the

paper submitted by the Japanese delegation. The paper contains many points

vlhich the Korean delegation should like to discuss in detail, but in order to

be brief it '~'ill limit its comments to a few important ones.

Herring

On the subject of herring (~pea pallasi Cuvier and Valenciennes), the

Japanese paper states that the same species of herring as are found in waters

around Japan are Blso in waters off the south-eastern part of Korea. This is

not true. The herring ~aught in Japanese waters and those found in Korean

waters are of two quite different species. The herring caught in waters

adjacent to Korea have morphological characteristics distinct from those of

the Japanese herring. The Korean herring migrate only between shallow and

deep waters, while the Japanese herring migrate over a great range. The Korean

herring form an independent population.

The Korean herring spawn on seaweed or other fixed matter in shallow waters

during the months of January and February. The maternal herriDg consist mostly'

of the four-year, five-year and six-year age groups. Juveniles grow in Shallow

waters and with the approach of Winter migrate to deep waters; they remain in a

layer about 200 metres deep during the winter. The following summer, these

juveniles move towards the coast and repeat their shallow water and deep water

migrations with the change of season. The Korean Government has been taking

conservation measures for the protection of herring resources by specifying

the permissible body length of the catch (more than nine centimetres) and by

establishj_ng a clo;;ed period of two to three months in summer, among other

~ measures.
1:1
t-1

I Macke: two species of mackere1, Scem""r japonicus Routtuyn and Scom""r

~ taIleinocephalus Bleeker., :form two distinct populations, with differi;:...t migrating

I
~~
u
:'j
:11
~ -~~
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areas. The Scomber japonicus is an independent population which inhabits the

waters around Korea. The fish migrate for feeding in coastal waters where

nutrients are rich, and their migration remains within a small range.

They stay in waters adjacent to the Y.yt:r:.g Sang Pukdo, Kyung Sang Namdo,

L:holJ.a Namdo archipelago and Cheju Island during winter. In March or April, when

tte water temperature reaches 130 centigrade they migrate for food, forming a

population. As the warm current intensifies, a small part of the population

migrates northward along the coasts of Korea to the Ham Kyung Pukdo in the east

dnd to the Pyung An Pukdo in the west. The farther they g~ northward, the more

sparse the population becomes. Most of the population remaining in the south

migrates the coastal waters of the Cholla Pukdo, Cholla Namdo, Kyung Sang Pukdo

a d Kyung Sang Namdo until winter. The density of population is at its highest

during the period from June to October, making this period the best fishing

season in the area. When the cold current increases and the water temperature is

low, the population which had migrated northward returns to the south and

remains there during the winter.

When the water temperature is about 150
to 20

0
centigrade, spavming takeb

place twice a year in coastal waters ranging from Nam Hae-do to the western

coast of Cholla Pukdo (where spavming is-most intensive). The spavming period

is May and June. The juveniles grow in shallow water and, like the mature

fish, are found in all the coastal vlaters the year round.

As may clearly be seen from the above, the mackerel inhabiting the

coastal vraters of Korea form an independent population, vlhich neither provides

fishing in the vraters halfvlay betvleen Korea and Japan, nor intermingles vlith

other populations. The Scomber tapeinocephalus are rarely seen in waters to

the south of Cheju Island in surr~er and their migration routes differ from

those of the Scomber japonicus.

The average catch of Scomber japonicus per unit effort has been decreasing

in Korea since the end of the Second World War, demonstrating a serious in the

fish population. Should there be no adequate and effective measures for the

conservation and protection of the resource, it would eventually face the dar.ger

of depletion.
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Bottom fish in the East China Sea and the Yellow Sea

Most of the species of bottom fish in the East China Sea aJld the Yellow

Sea make seasonal migrations to the western coastal waters of Korea for

spawning and in search of rich nutrients carried from the coast. The coastal

waters are thus their spawning grounds and the cradle :t'or their larvae and

juveniles. Korea, therefore, has not only a special interest 'but a duty in

protecting them from arbitrary damage by human activity.

However, the fishery resources in the area have been sub:ject to excessive

eXIlloi+,ation by Japanese otter trawlers since 1911. The decrlease in the

resource became apparent by 1921, when large-scale drag nets were introduced

into the area. The consequent danger was too evident to be j~gnored, and by

about 1926, the Japanese Gov:ernment had established measures for fishery

control with a view to protecting the resource; they had lit·tle success because

of the ever-increasing number of fishing boats and their activities.

During the Second World War, the resource was restored to a great extent,

owing to the temporary decrease in fishing effort. However, after the war,

the intensity of fishing effort greatly increased, causing a large del.::line in

the resource. The Japanese paper does not take f1~C()';llt of these historical

facts supported by scientific data.

Conservation measures taken by Korea

In view of the importance of fisheries in the national economy, Korea

has taken various measures for the conservation and protection of fishery

resources in adjacent waters for some time past. The first modern regulations

were contained in La"T No. 29, the Korean fishery law, promulgated in 1908 by

the 150rean Government. A series of regulations has been established and enforced

since then, including the fishery ordinance of 1911, amended in 1929, the

fishery protection regulation of 1929, and fishery regulations issued by

several provinces.

Since 1945 the Korean Government has been intensifying its fishery

conservation efforts in view of the decrease in resources in adjacent seas because

of excessive exploitation by foreign nationaJl..8. "\\lhatever small amount of fishery

resource :cemains in the sec,," adjacent to Korea is the result of conservation,

protection and cultivation J Korea at the r;:ost of human toil and financial

'turdens.
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COMMENT BY THE JAP.ANESE DELEGATION
ON THE

PAPER SUBMITTED BY THE KOREAN DELEGATION
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Regarding the first three paragraphs of the comments of the Korean delegation,

dealing with herring, the Japanese delegation is well aware of the fact that

As ian herring consist of several different races. The Japanese paper, however,

d~d not intend to analyse these races from biological and ecological points

of view, but simply stated that they can be and are being treated as one, so

far as conservation management is concerned.

As for the paragraphs dealing with the two species of mackerel, in view

of a tagging experiment conducted before the war, and from a statistical

comparison of morphological characteristics of mackerel in waters near Japan and

those in waters near Korea, it cannot be established that the Scomber japonicus

inhabiting the waters around Korea are an independent population.

The shoals of Scomber japonicus spawn in the East China Sea in spring,

then 'begin ti feeding migration to the north; in summer most of them concentrate

in the coastal waters of Hokkaido after migrating along the Japanese coast,

while some appear in Korean coastal waters. Because of the multiple spawning

of mackerel, some of the large-sized individuals spawn in northern grounds While

they are there. Towards the middle of autumn, these groups of mackerel return

to the south, taking different migration routes. Such extensive dispersion is

a general characteristic of mackerel, and, although it is true that farther

south more groups can be seen staying for a longer period of time in a given

area, it simply means that the groups take different migratory routes, and they

certainly cannot be deemed an indepeD.dent population for that reason •

.As to the final paragraph in the comment on mackerel, the decrease in the

average catch per unit effort is not necessarily a sign of depletion of stocks.

The catch of mackerel by purse-seines and angling is composed largely of large

sized indiviJuals of more than twenty-five to thirty centimetres, belonging to

the group which migrates extensively. They have shown hardly any sign of

depletion, even in recent years, as can be seen from the Japanese paper. Even

if they had, it could be considered a reflection of natural fluctuations in

the population.
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With regard to bottom fish, Japanese trawlers are not catching larvae and

juveniles of bottom fish in the western coastaJ. waters of Korea. The totaJ.

catch of bottom fish by otter traw"lers in the area did not decrease, except during

the war years. There have been fluctuations in the catch, however, of certain

specific s;pecies. But the reason for this was an internaJ. rearrangement of the

composition of the species, \vithin the community, as a result of enviroDlllentaJ.

factors.

Furthermore, Japan undertook fishery control measures in the nineteen

twenties, not because it felt the need of conservation, but because it was

necessary to control competition among traWlers. In fact there was over-production

of fishes, rather than under-production, such as might result from depletion of

stocks. The measures therefore had hardly anything to do with conservation

but were by and large successful in rationalizing fishery enterprises.

In conclusion, Japan is making every effort to further the scientific

study of fish resources in the waters around Japan, and is very eager to carry

out rational exploitation of these reaources tbruugh interno.tiun:l1. co-uperation,

where necessary.
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THE IMPORTANCE OF CONSERVATION OF STCCKS OF FISH
AND SEA. MAMMALS IN ARCTIC WATERS

by

Paul Hansen, Director
Greenland Fisheries Investi§ations, Charlottenlund, Denmark

(The mimeographed text of this paper a.ppeared as A/CONF.lO/L.31 and Corr.l,
under the title lIInformation Concerning the Importance of Conservation

of Stoclm of Fish and Sea M8lllIDals in Arctic Waters ll
)

For more than 230 years Greenland has been under Danish sovereignty, anc.

during that long space of time it has always been the aim of Denmark to help

and protect the native population and to develop all possible industri-es which

can be carried out in that remote part of the world, which lie~ on the boundary

of the existence of human beings. With its more than 2 million square

kilometres Greenland is the largest island in the world. As the inner part of

the island is covered by the inland ice - and enormous icecap 3,000 metres thick 

only a small coastal area of about 350,COO square kilometres remains.

The climate is arctic, owing to the northern position of the country, the

neighbouring inland ice and the influence of the cold polar current. The

country provides no possibilities for economic exploitation except for a modest

char fishing industry, some hunting and mining, and some sheep farming in the

sOl.lthernnost are:a.s. 'Ihe population, amounting to about 24,000 individuals,

a mixed population of Eski.TJ1o origin, lives in small communities scattered al~-:'S

the west coast, from about 600 to 780 north latitude, and in two districts

of the east coast south of 700 north latitl1de.

All the inhabited places are, without exception, situated on the coast,

close to the sea:! and the Greenlanders' only resource is the stocks of sea

mammals and fish.

Until the climatic change set in during the nineteen twenties, seal hunting

was the principal industry. With the increasing temperatures of the sea, cod

appeared in greater numbers and over larger areas than before, and a very

important cod fishery was gradually developed in the southern and widdle pa~t

of West Greenland. Seal hunting, however, is still of vital importance to the

population of North and East Greenland, whE::re cod are lacldng or appear for
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Its blubber is used for heating theand cover for kayaks, umialm and tents.

3.- very short season. From the seal the Greenlander gets all he needs for

existence in the cold Arctic region. The seal's skin is used for clothes

houses, and together with the meat, intestines and all other entrails of the

seal, it forms the only procurable nourishing food.

Six s;ecies of seals occur in Greenland waters. Four species are

stationary or migrate only slightly', while two species, namely the harp seal

(PhocFl. groenlandica) and the grey seal (Cystophora cristata), are migrating

seals which have breeding and moulting places in other regions far away from

Greenland and only visit Greenland in periods of feeding migration. llie most

important seals are the harbour seal (Phoca hisp~da) and the harp seal, but in

scme localities the gre~ seal is of importance.

For the polar Eskimo tribe in Thule districts, the walrus is an extremely

important animul.

Owing to more unfavourable ice conditions in recent times, caused by the

climatic change, and owing to a northward movement of the harbour seal, the

catch of that spe~ies has decreased. The harp seal and the grey seal have

occurred in smaller numbers than before, r'l'ld the catch of these species bas

also diminished. Nevertheless, seal hunting is still of great importance to

Greenlanders, especially in North Greenland.

Greenlanders look with the greatest anxiety on the exploitation of the

stock of harp seal and grey seal which takes place in the breeding places and

which they consider to be a menace to the industry.

We are grateful to Canada and Nor.ro.y for having limited the hunting season

for seals, and especially to Norway for having abstained from hunting walrus in

recent years. We are, however, convinced that further protection is needed 

for instance ttlTough refraining from killing mother seals, as these form the

most valuable and vulnerable part of the stock, and are of much less value to

seal hunters than the pups. Some few years ago Canada, Norway and Denmark

started a co-operative scientific study of the seal stock, which included the

counting of seals in their breeding places; some marking experiments and

investigations into the age ccm,position of '~~he catches of seals in the different

regions. By these investigations it is hoped - among other things - to get an

idea of the influence of the catch a the seal stock.
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No one knows, however, whether other nations ~n.ll in future participate in

seal hunting, and for this reason the Government of Denmark is highly interested

that protection of arctic sea mammals should be taken into consideration, when

ccmmon rules for protection of organisms in the sea a:::-e set up by the

International Law Commission.

We are aware that our situation is similar to that of countries especially

interested in the coastal state question. But there is a difference between

Greenland and other countries in this matter. other countries commonly have

other resources upon which they have -:;.le possibility of building up industries.

For instance, they have in many cases been able to carry on fisning, whaling and

seal hunting in waters far away from their home countries. This possibility

does not e~:ist for the poor Greenlander, who hunt seals with very primttive

gear and has only had the opportunity of developing a fishery for 3. period of

about twenty-five years. In spite of the fact that the Greenland fishing

fleet has grmm in extent in recent years, the greater part of it still consists

of small boats with very weak engines. Only a few are fitted out for operations

in offshore waters. It may be many ;years before a rather primitive and poor

population such as this will be able to exploit distant fishing and hunting

grounds.

The cod stock for a number of years has been very rich, in Greenland I
waters. Nevertheless, it must be kept in mind that the cod, like other fish '

species, has its northern limit off Greenland and that its existence there depends ~

on the relatively high temperatures of the sea in the present period. Very small !

variations in temperature can be disastrous to the cod population, for

fluctuations according to age groups are much more pronounced here than in other "

waters where cod occur.

From experience over centuries , it is knOWl: that the occurrence of cod has

bet ~ of a periodic character. During the past century only two fairly rich

periods are known. Both of them lasted for a few years only. We fear that the

rich period which is now occurring will come to an end after a shorter or longer

term of years, and if this happens 1 it will be disastrous to the Greenland

population if the very few other possibilities for existence should be

diminished by ovex-exploitation by foreign fishermen and hunters.
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In this connex:l..on, we wish to draw attElntion to the fact that the stock

of halibut, which 'Was very rich until the middle of the nineteen t, <>nties, was

nearly destroyed in less than ten years by several foreign fishery expeditions

carrying out long-lining on the banks and in the deep part of Davis Strait. One

of these expeditions fished from more than sixty large motor dories and some

other fisning 'Tessels, while t: motner ships were verjr big ships, of 5,000 and

10,000 tons. This single €X',- J.tion had a yeE'Tly output of 3,000 to 4,000 tons

of halibut, until in 1935 the halibut stock was diminished to such a degree that

the fishery became unprofitable and was given up.

During the same years the modest Greenland halibut fishery decreased very

considerably, owing to overfishing of the stock. A plant built in Greenland

for the canning of halibut, which had worked quite successfully, had to turn

to canning shrimps instead of the decreasing halibut. We know that halibut

have been present in Greenland waters also in the cold periods vrhen the cod

have been very scarce. It seems that the stock of halibut in recent years

has recovered to scme degree, but if the same exploitation as in the nineteen.
twenties and thirties -;:ere to be repeated, even on a lesser scale, the stock

will once again be destroyed, and the Greenlanders will lose another of their

few possibilities for fishing.

From the Danish side, we are very anxious lest the diminution of t~e stocks

of sea mammals and fish in Greenland waters by over-exploitation deprive the'

poor Greenland population of the possibility of surviving in their rough country.

Denmark is a small country ,vithout possibilities for transferring the Greenlanders

to other,. more favourable, places.

Referring to what has been mentioned, we shall once more emphasize that the

occurrence of sea mammals and fish in arctic regional waters is a matter of life

and death to the small native population. Denmnrk, which has the responsibility

for the welfare of this population, therefore suggests that consideration may be

given to our special problems in the report of this Conference to the

Interr.atior.al law Commission.
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PRODUCTIVITY AND INTENSITY OF EXPLOITATION OF THE ADRIATIC

by

Sime Zupanovic, Assistant
Institute of Oceanography and Fisheries, Split, Yugoslavia

(The mimeographed text of this paper appeared as dccument A/CONF.10/L.32 )
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~~en dealing with the exploitation of a fishing region a clear distinction

should first be made between the open seas and the enclosed seas and basins.

'Ihis distinction is :particularly necessary if it is intended to examine fully

areas, the enclosed seas or basins are much more influenced by man in this

respect, and therefore the regulations required for the purpose of fishery

management of various regions should not be standardized. Conclusions as to

the c'J.eg.ree of exploitation of a sea or basin, and concrete measures needed to

protect that. r;articular area (but not other areas which, although similar, do

not precisely correspond), can only be drawn on the basis of an analysif: of

factors influencing the productivity of that sea, analysis of the extent of

utilization by man, and similar data.
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the influence of man on the aquatic biota.
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These arguments must be borne in mind in any comparison of the Adriatic

with other more or less exploited seas. In contrast with other European seas,

not excluding the branches of the Mediterranean, the Adriatic is notably poor

in phosphates and nitrates. This deficiency is the result of a series of

factors - for example, insufficient chemical polarization, satu:tation with

oxygen, inadequate liberation of phosphates from the sea bed - which contribute

to increasing assumption, by the Adriatic, of the properties of an oligotrophic

basin (Buljan, 1953a).~/
Deficiency in nutrient salts in a sea (by analogy with Liebig's Law of

the Minimum) has been found to influence its total productivity. By taking

the production of the Adriatic as a function of its amount of phosphorus

(Rileyand others, 1949; Harvey, 1950) and by comparing it with that of

the English Ctannel, for example, it can bee seen how far these two fishing

regions differ in their potential fertility.

Phosphorus Content and Fertility of :'later Masses

Adriatic

Tne Adriatic (figure 48) covers an area of 132,500 square kilometres and

has a volume of 31. 7 times 10
12

cubic metr.es. Its average depth is 239.3

metres. The eJ~loited continen~dl shelf to a depth of 3CO metres has an area

of 103,717 square kilometres, with a volume of 16.7 times 1012 cubic metres.

The amount of phosphorus found in the central Adriatic, along the profile

Split-Monte Gargano, in 1952/53 averaged 9.19 milligr8JIi!lles per ton (Buljan,

1953b) • BlJ multiplying this average amount by the total water volume of the

Adriatic, we obtain a value of about 291,000 tons of total phosphorus, of

which some 153,000 tons occur in the waters over the e~loited shelf, the

extent of which is e~lained above.

Since some 74,000 tons of fish were caught in the Adriatic in 1953, this

ivould correspond, for a phosphorus content of 1.2 per thousand, in fish, to

~/ Refer€IlcE:s within parentheses are to items listed in the bibliography at
the end of this paper.
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Figure 48. Map of the Adriatic showing marine depths
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89" tons of phosphorus or 0.03 per cent of the phorphoru5 in the Adriatic as

a whole, und 0.06 per cent of the phosphorus in the waters over the exploited

shelf. The value thus obtained represe~ts a crop seve~ty to eighty" times

smaller than that of an artificially fertilized lake or lagOon.g/

"Hier rechnet man bei einer einmaligen Dlingungsgabe mit einer
RUcl>:gewinnungsquote von nur 0.7% im ersten Jahr, deI' al1erdings in den
weiteren Jahren noch weitere, a11erdings wesentlich klelllere sc~~el1

abfallende Mehrertrage folgen" (Kalle, 1953).

Istituto Centrale di Sta.tistica, Annua.rio Statistico Ita1iano, 19)-9 -50,
tav. 188, 220, Ser.V., vol. V (Rome, 195), pages 210-214, Istituto
Statistico Italiano, Statistica della Pesca e della Caccia (Rome, 1954),
pages 17, 18, 51, 52, 85, 89 and 94. Federal Institute of Statistics,
Fish Catch-Distribution and Processing of Sea and Freshwater Fish in 1953,
No. 93 (Belgrade, 1953)(data on catches taken in the former Trj.este Zone "BH

added by the authod. Institute of Statistics, Croatia, No. 2/1954, Monthly
Statistical Report, Ill, page 11: "Trawl Fishing in the Waters under---
Territorial Competence of the P.R. of Croatia"(Zagreb, 1954). J. Basiolj,
Development of Sea Fishing in the P.R. of Croatia (Institute of Economics,
Zagr"3b, 1952).

Intensity of Exploitation of Fish Resources

En[,lish Channel

The English Channel (area VII D and E on the maps of the Inte:rnational

Council for the Exploration of the Sea) covers an area of 82,100 s~uare

Jdlometres and has a volume of 5.9 times 1012 cubic metres. Its average

depth is 72 metres.

The total amount of phosphorus found in t!:J.e English Channel in 1947/48

averaged 15.0 mil~.igrammes per ton (Arm.trong and Harvcy, 1950), corresponding

to about 88,000 tons of phosphorus computed for that area. The 1948 fish

catch QIllounted to some 56,000 tons, equalJing 67.0 tons of phosphorus or 0.08

per cent of the total phosphorus of the area.

The ratio of nutrient salts, in the minimum, is still less favourable in

the Adriatic,if, instead of total phosphorus, free phosphates are considered,

since these represent about one-third to one-seventh of total phosphorus in

the Adriatic, and up to two-thirds in the English Channel (Buljan, 1953b).

Adrhtic

According to available data,2/ catches shovffi on page 330 weTe taken in

the Adriatic after the Second World War (in metric tons).

?-/

"2/

~!
[i
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~/ No data for Thunnus species are given in Italian statistics.

caught i.n the Adriatic, 80 per cent are taken by

t.L'awlers, according to the available data, '.;as as

in 1951,~/ J.,504; in 1952,~/ 1,683; 0.110. in 1953,

I

Yeur Species

Pelagic DemersaJ.

1947 ..... a ...................... 23,945 31,235
1948 ............................... 23,927 / 34,590
1949 .................................. 32,442~ 35,442
1950 ................................. 34,833 42,814
1951 .................. e ...... 0 ...... 30,558 38,244
1952 ................................. 34,318 37,580
1953 ................................. 36,667 '57,457

Total
(thousands of tons) 30,957 36,766

Of demersal species

trs.171e:;:s. The number of

follows: in 1947,~/ 920;
2,025·

Total

55,180
58,517
67,884
11,647
68,802
71,898
74,134

67,723

j The su
.~ intens~ more

more up-to-

herring sea

caught more

been consid

to their ut"

the inf'luen

likely tq b

is of cardi

1'There there

hardly felt

therefore,

exploitatio

of their ca

English Channel

T

F

The e

£'ish, or 36

from 1948 t

1952, was 3
square kilo

The t.o

'cwo fishing

71,732

41,377
55,778
57,942
67,013
85,112

:::'23,171

25)670
37,246
44,388
31,051
27,193
40,909

34,410
Total (thousands

of tons)

Year

1947
1948
1949
1950
1951
1952

The data on catches in area VII D and E have been taken from the Bulletin

statistique .1/ For 1947 to 1952 the catches were as foUows (in metric tons):

Demersal Total
species (all species)

~/

'2/

Data on motor trawlers only (motorpescherecci), from 25 horsepower up, were
listed in the Italian official statistics for 1947, 1951 and 1952, while the
number of vessels for 1953 was determined according to method of work in this
sort of fishery for the Adriatic coast as a whole.

Conseil Permanent International pour l'Exploration de la Mer, Bulletin
Sta-tistique, vol. 32-37 (Copenhagen).
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The sudden increase in total catch from 1950 to 1952 may be attributed to

more intensive fishing by German trawlers equi1J1-'en "Tith st;ronger engines and

mor~ up-to-date devices for detection of fish shoals, and to the extension of tl.e

herring season (Meyer, 19S4). other species, particularly the oemersal, were

caught more or less in the same quantities during this period. 'Ihis fal..-t has

been considered when comparing the Adriatic and the English Channel with regard

to their utilization and productivity, since it is on the demersal species that

the influence of man becomes most manifest. Since natural fluctuations are

likely to be less significant in these species, the predatory influence of man

is of cardinal significance. It is quite different with the pelagic species,

\-There there are very marked natural fluctuations and the activity of man is

hardly felt (Rollefsen, 1951; Tester, 1951). In maldng a comparison,

therefore, between the t\-TO fishing regions with regard to intensity of

exploitation, it is the demersal fish population that is considered and the size

of their catches in relation to the free phosphorus content per unit area.

Exploitation Ratic,

The extended shelf of the Adriatic yielded 3 •.688 tons of demersal

fish, or 363 l;:ilogrammes per square kilometre I-' "ear, during the period

from 1948 to 1953. The average yield of the English Channel, from 1947 to

1952, was 34,410 tons of all demersal species, or 419 kilogrammes per

square kilometre.

58,000
34 x 1.238 x 1.2

33,000
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in catch

Catch ' ............•.•.....

Phosphorus in total

Ratio of phosphorus
to free phosphates

Total phosphorus ••••••••••

Free phosphates (p-p04) ...

The total amount of phosphorus and free phosphates available in the

'cwo fishing regions may be compared, as well as the corresponding catches:

Adriatic English Channel

291,000 tons 88,000 tons

33,000 tons 58,000 tons
(291,000 x 0.115) (80,000 x 0.66)

38,000 tons 34,000 tons

38 x 1.2 34 x 1.2
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If one set of figures is divided by the other, it is seen that this

ratio is nearly 2!lj that is, the fraction of available phosphorus removed in

the catch from the Adrietie is twice the fraction removed in the Channel.

This repeated removal of limiting salts from the Adriatic will probabJ..Y

lead to an unfavourable effect on the balance between the fish and the rest

of the bicmass within the eco-system. The ccmposition of the ichthyocenosis

in 'vrarmer shallovT waters show's that the bicmass of useful animals is kept

dcwn, to the advantage of the remaining animals (a larger number of species

but a smaller number of individuals, probably linked with a retarded growth

and little possibility of regeneration). The fishing process in the sea,

particularly when it bears upon demersal ~pecies, thus results in gradual

diminution of the total bicmass of useful animals.

Even though these computations have been made in a somewhat crude way,

and may, therefore, involve scme error, they still enable one to draw at

least some general conclusions as to the productivity and intensity of

exploitation of the t'lVO fishing regions compared.

Effects of Exploitation

Biological

Restriction of fishing during the Second World v~r had approximately

identical effects on the demersal populations in the Adriatic and in the

north European seas (Zupanovic, 1953). An increase in all catches in

1946 by about 50 per cent above the 1939-40 level was reported by D' Ancona

(1950) for the north Adriatic, under identical conditions of weather, place

and gear. The causes of this increase in fish populations after the war may

either be the increase in number of fishes on various fishing grounds, or,

more likely, an increase in the average size of fishes in the population owing

to diminished mortality and greater probability of survival. This latter

hypothesis is confirmed by the 1951 findings in the Bay of Kvarner and in the

Podvelebit Chffilnel (along the east coast of the Adriatic). The Bay of

Kvarner, owing to unswept mine fields, preserved its virgin stocks until 1951,

when trawling was resumed. The average length of Merluccius vulgaris - from the ....
't,
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economic point of view the most important species of the Adriatic deep sea

trm-Tl fishery - was 28.,4 centimetres~ with 75., per cent of specimens above

25 centimetres (according to Zei, 1940, this 1.imit is the border line between

the juvenile and adult specimens). The a.verage length of Merluccius caught in

the Podvelebit Channel in 1938, when trawling was prohibited there, was 27.3
centimetres, while in 1951, as a consequence of more intensive trawling in that

narrl"\w sea during post-war years, the average length of this species dropI:ed

to 23.4 centimetres, with only 59.3 per cent of spe~imens above 25 centimetres.

This trend of decrease in the average length of the population of Merluccius

is evident in other channels also. The Crikvenica Channel yielded the following

average lengths: 1938, 21.0 centimetres; 1947, 27.5 centimetres; 1950, 23.0
centimetres. The Kvarneric Channel had the foD.owing averages: 1938/40,
20.2 centimetres; 1947, 29.12 centimetres; 1950, 25.7 centimetres (Zupanovic,

1953) •
As regards the open Adriatic, data were available 011 MerltLccius catches,

supplied by some commercial trawlers. These data refer to the fishing region

lying west of Blitvenica LighthOUS~/ in the direction 2700 (450 30' north

latitude and 15°13' east longitude). The data are included in the following

table.
Number of Catch

Number of trawling Kg. Kg. per
Year and period days vessels 100 hours

1951, 3 November to 29 November ••• 96 8 8,180 1,c65.10
1952, 1 October to 17 October ••••• 71 9 4,147 730.10
1953, 4 December to 28 December 44 4 2,053 583.23
1954, 3 November to 31 November ••• 26 4 1,055 507·21

The decrease in the average size of specime:us within populations of

economi~ally important species, which is closely connected with the decrease

in catch per unit of effort, was until lately considered by the majority of

fishery biologists one of the fundamental indications of overfishing. This

factor, however, if taken se:parately, does not prove overfishing (Graham, 1951),
and its consequences have rather an economic than biological importance.

~ Y This region is intensively exploited by Yugoslav trawlers.
~\

'1
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Further investigations will help to solve the Clt1estion whether the

decrease in the a'"erage size of Merluccius in the Adriatic is really caused

by activities of man or is the·con~equence of some as yet mllG101fn natural

fluctuations and migrations of adult specimens.

Economic

The fundareental economic problem in which we are here inte:.r€sted is the

relation bet1veen the catch and its cost. These relations differ widely with

regard to various components, and their symbolic formulas may be given in one

of the following liD-yS:

(i) T ;> c + cfp v

(ii) T = c t- cfP v

(iii) T --- c + cfp ...... v

where Tp stands for the total proceeds from catch, Cv for variable cost, and

cf
for fixed cost.

In the £'irst case, the total proceeds (T ) are much higher than the
p

composite total cost (cv -l- cf ) and may represent the ~aximum net return.

One could talk here about profit from such a fishery.

But con:petition among fishing units, particularly in enclosed basins like

the Adriatic, does not allow that maximum net return to continue for a long

time at the point where lithe marginal cost eCluals marginal production" (Gardon,

1953), -and the exploitation goes on to the point where the variable cost rises

out of :proportion to the catch valu-::. This logically leads to a balance between

total proceeds and total composite cost as in the second formula.

In the third case, the catch proceeds do not cover the total cost, and

the fisherman is underpaid in compar.ison with men in similar lines of worlc.

At- this exploitation rate the variable cost if particularly high (for fuel,

effort and other items) but the total catch remains constant or may even grow

smaller owing to decimation of the species or decrease in average size of adult

specimens.
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If these criteria are applied to trawling in the Adriatic, which involves

about 80 per cent of all the catches of demersal species, it may be concluded

that today, in some of the zones, the situation is not far from the third case

with regard to the economic aspect of exploitation.•

Conclusions

In comparison with the English Channel~ the Adriatic is 5.4 to 6.0 times

poorer in free phosphates (P-P04). But the proportion of phosphorus removed

from the Adriatic by taking demersal species is twice the proportion removed

from the English Channel.

The biological effect of exploitation of the Adriatic manifests itself

in a decrease in the average size of Merluccius vulgaris, economically the

mo~t imfortant species in the Adriatic deep-sea trawl fishery, and in a

reduction in catch per unit of effort. Further investigations may show' in

what degree these decreases are to be attributed to the activity of man and

in .That proportion they are the consequence of nat'cu'al fluctuations and

migrations of adult individuals.

The economic effect of exploitation by means of trm-rls in the Adriatic

is reflected in the fact that fishing is unfrofitable as a cons€~uence of

increased intensity of fishing by a growing number of t~awlers in some zones

of the Adriatic and decreased weight of the total catch of demersal species.

It would be useful, in my opinicn, to make an early attempt to reach

a scientific solution to the problem, since this would result in better

lmowledge of the present status of fish resources in some zones of the Adriatic

and clearer ideas about the proper measures for fishery management aimed at

improving that status.
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MIGRATIONS OF THE ADRIATIC SARDINE IN RELATION TO ZOOPLMKTON

by

Tomo Gamulin, Director
Oceanographic Station, DUbrovnik, Yugoslavia

(The mimeographed text of this paper appeared as document A/CONF.10/L.25. It
was submitted in French under the title "Les migrations de la sardine (Sardina

pilchardus i-lalb.) en relation avec le zooplanktonlt
)

The sardine (Sardina pilchard~~ Walbaum) is one of the most important fishes

of the Adriatic, accounting for one-half of Yugoslavia's total fishing effort. It

is therefore natural that particular attention should have been paid to the study

of its ecology.

Sardine fishing along the east coast is carried on exclusively by the

night-light method from April to September. Occasionally the fish makes.its

appearance in small quantities as early as March. It leaves the fisheries again

as soon as the bad weather of autumn sets in. Aside from this season, there

is pracMcally no sardine fishing; that is why the winter whereabouts of these

fish .lere not known. It was thought that the sardine disappeared into the deep

waters of the high seas. The question is not only of scientific interest but

is also of practical importance for the fishing industry, since during this

period the sardine is not available for fishing.

Until Vf3ry recently, little was known about the ecology of the sardine in

the Adriatic. Since the Second World War extensive research has been carried out,

beginning with population studies and continuing with study of spawning periods,

embryonic development in relation to external factors and distribution of eggs

and larvae throughout the Adriatic. Investigation of external factors,

particularly salinity, indicated some connexion between a high annual catch

and the flow of Mediterranean waters into the Adriatic. Sardine migrations were

studied by analysing catches and by tagging; recently a start has been made on

statistical analysis of the intensity of fishing. At present, the renewal rate

of the population is being determined on the basis of spawning intensity. It

is unnecessary to go into detail in these respects, since a certain amount of

information has already been published and more will appear in the near future.

The present paper merely draws attention to the scope of the research on plankton,

since it. is helpful towards a better understanding of the migratory movements of

the fish.
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The discovery of certain spawning grounds has revealed the whereabouts of

the fish in winter, or at any rate during the spawning period~ As a general

rule, these areas do not lie in the shallow coastal strip where surrmer sar~i~e

fishing takes place, but a little farther out to sea at ~n approximate depth

of between 60 and 120 metres, but never below 200 metres. It is important to

note that the spawning grounds are not far distant from the best fishing grounds

and may in certain cases lie very close to them. Sardine migrations are therefore

not on a very large scale.

The disappearance of the sardine from these fisheries in the autumn and its

return in the spring is undoubtedly a complex phenomenon depending on both

external and internal factors. It has frequently been said that the search for

food is one of the factors governing the movements of fish, particularly

pelagic fish. There is, however, no absolute proof of this, a corrment which

applies to the sardine. Study of the migratory movements of the sardine was

therefore undertaken in the light of information on the total biomass of

plankton in the sea. The research was concerned merely with zooplankton as a

food for the sardine; the observations covered a period of one year.

Difficulties in determining the total biomass of plankton are well known,

and no satisfactory method has been evolved so fa~. However, in order to

obtain the desired results, two different methods, considered the most approp~iate,

were used. To fish large species, nets of coarse muslin and an oblique haul

were used, and for small species, silk nets and a vertical haul. The resultant

total biomass of plankton was measured in grammes and cubic centimetres.

Needless to say, no absolute claim can be made for the data, but the results

obtained, though relative, have been of some value in research. Details are

not included here; all the data will be pub~ished separately. Two zones only

are considered in this paper: one, a shallow coastal strip of thirty to

forty metres, and the other a deeper strip of seventy to ninety metres in the

island zone, stretching out to sea.

The average annual biomass of large species is greater in the farther

outlying areas, where the best sardine fisheries and spawning grounds are

located, than in the coastal strip, where the sardine is fished in summer.
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The opposite is true of the small species, that is, larger quantities are

found along tha coast and a smaller number out to sea. A study of the path

followed throughout the year by the biomass of the two types of zooplankton

mentio:c.ed above has shc'wn that there are much greater quantities of large

plankton in the spa\ming grounds during winter than during the summer fishing

season. On the other hand, during summer the total biomass of small species

is greater near the coast than in the spawning grounds.

Thus, the total biomass of these two types of zooplankton gives a

remar1>:ably clear picture of sardine migration. In early autumn the sardine

leaves the coastal area and fisheries and goes to the spawning grounds. There,

and precisely at that period, the biomass of the larger species is greater

than along the coast. In April, when the reproduction effort has been

cotnpleted, the sardine comes nearer the coast. At the same t:i.me, the biomass

of the larger species diminishes rapidly in the spawning grounds, while that

of the small species increases in the coastal area.

The biomass of the large species found in the spawning grounds from

January to April contains species of greater nutritive value (mostly large

copepods of the Calanidae and Euchaetidae groups, various crustaceans of the

larger variety, large sagittae and so on). Thus, at th.at time of the year,

the sardine finds adequate food in the spawning grounds. Since the spawning

lasts from November to May, and January or February and. May are, in t~e

Adriatic, the two peak periods of the year for phytoplankton, the larvae,

both premature and delayed, can develop in satisfactory tT.ophic conditions.

It should be added that the migratory movements of the sardine are also

influenced by other factors, among them hydrological phenomena.

One of the most itnportant problems of sardine ecology is that of the

renewal of the population. R~erence has already been made to overfishing

of clupeids. That is not yet the case in the Adriatic, but we are

nevertheless trying to determine the rate of renewal from that point of

view also, on the basis of information about the spawninG grounds and their

extent, and of accurate data on the intensity of spawning.
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SOME OBSERVATIONS ON T'HE MARINE FISHERIES OF EGYPT

by

Mohamed. Zuhdi, Director
Institute of Hydrohiology, Alexandria, Egypt

(The miineographed text of this JJaper appeared in French as A!CONF.10/L.35 unr1.er
the title "Quelques aperqus sur la production des pecheries

maritimes en Egypte")
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Marine conditions

Relatively warm seas such as those adjacent to Egypt are not generally

expected to be very rj_ch in fish. To some extent, however)' the entire seaboard

of the Nile delta constitutes an exception to this rule. The reasons are,

first, the rich flow of nutritive salts brought down by the Nile while the

rive~ is in flood, and, second, the formation of shoals in the area facing the

delta.

All the fish peculiar to the Mediterranean are found here, including

breams, mullets, sea perch, skates and rays, ~ogfish, bonito, gurnard, bluefish,

jack; grouper, lumpfish, umbra and sardine. The sardine is found on the delta

coas'ts from September to December, thebluef"ish during the SUltmer. The

Institute of Hydrobiology at Alexandria is trying to aecertain whence they

come and where they migrate. Tunny appear rarely in the Egyptian stretch df

the Mediterranean, and this circumstance is largely unexplained.

It is naturally part of the research progra~e of the Institute of

Hydrobiology to determine the fis!:. resources, the spawning grounds, the

migration routes and the sources of food, in short, to acquire any data which

ma~ have a bearing on the conservation of stocks of salt water fish. No

definite conclusions are possible, however, from the data so far collected.

Only that part of the marine area which is adjacent to inhabited regions

is exploited by fishermen and familiar to them~ The fishing regulations are

strict. Fishing with drag nets is absolutely prohibited in certain parts of

the west coast (article 57 of the Egyptian fishery regulations). Fishing with

the following types of net is also absolutely prohibited: (a) the seine, or

garrata, fitted with a bag, if there are more than forty meshes to the bag
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~J more than thirty n:eshes to the sides to each fifty..centimetre unit;

(b) the seine, not fitted with a bag, if there are more than thirty meshes to

each fifty-centimetre unit; (c) any kind of seine in the two zones to the

north of the tempor.ary barrages which are raised during the dry season at the

two mouths of the ~ile (article 58).
Furthermore, the gear used by Egyptian fishermen makes it impossible for

them to work far from the coast. The use of coast guards ensures strict and

effective control. Fish reaching the market are inspected as to size.

Lake conditions

Fisherv problems are particularly important in Egyptian lal~es, -I;hdt is..

the sa;l.t lakes bordering the coast and con:municating Wi.th the se&. by narr0W

inlets. The bottom of these lakes is formed by depos:L . f:r.oJl th.: :;i1e, i.,-ltr:

an admixture of sand. They are not generally more than one metre ·~.ecp, but

the navigable channels of Lake Manzala and Lake Burullus have El depth of two

to three metres, and the vestigial channels of former arms of the Nile in

these two lakes are sometimes as ~uch as four metres deep.

The lakes contain stocks of fish of great importance to Egypt: sea perch,

umbra,. lumpfish, sole, eel and mullet, as well as certain species of. Nilotic

origin. These species migrate to the sea during the spawning season.

The E~JPtian Governmentrs policy of reclaiming additional land for

cultivation through the drainage of the northern delta of the Nile is expected

to result in a decrease in the depth of these lakes and a contraction in ~

their surface area - a deyelopment which causes some concern to those

responsible for fisheries. The consequences of this development, which

creates special problems for Egypt, are not yet clear.

The migratory population of the lakes con~ists mainly of mullets 

Mugil cephalus, Mugil capita and Mugil saliens. These are salt water fis;b.

whtch con:e to feed in the lakes but leave them during the spawning season.'

Shoals of almost fully grown fish of the mullet species migrate to the

sea during the period from June to September. The Mugil capita migrate in

October and November; eels, sea perch and sole, from December to the end 9!
February. It has been shown that a large proportion of the fish which have
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migrated return after spawning. Fry also head for the. lakes as sOu;). as they

are strong enough to fight their way against thA outward. current; they are

then uetween thirteen and eighteen millimetres in length.

The pumping station at Mex, to the west of Ale;x:andria, returns about

4 million cubic metres of water to the sea each PaY. This water is only slightly

saline, and attracts the fry of mullets and eels. Hhen they arrive at the

station they cannot continue their journey upstream, and vast numbers therefore

concentrate at this. point. This season for young mullets lasts from October

to 'i;he end of March.

The Egyptian service coJlects a large number of the young mullets and eels

which concentrate at the Mex pumping station and throws them into Lake Maryut,

a salt lake south of Alexandria which is cut off from the sea. In a. period of

less than four years the yield from this lake has increased fivefold. Transport

centres have been set up, whence glass eels, young fish, mullets and soles are.

shipped to other inland lakes so that they may benefit from the surplus at Mex.

Egyptian regulations governing fisheries in and around the lakes contain

r.~merous restrictions, which need not be elaborated here, regarding the number

of licences, the size of boats, the gear and the methods of fishing. These

regulations show the alertness of Egyptia~ authori~ies to their responsibilities

in the matter of conservation of fisheries. Among the mest important provisi~ns

are the following: Fishing is absolutely prohibited (a) in the narrow inlet of

Lake Burullus and within a radius of one kilometre from this channel, both on

, the lake and on the seaward side; (b) similarly in Lake Idlru, but within a

radius of two ki19metres; and (c) similarly in Lake Manzala, but within a radius

of six kilometres o
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COMMENTS ON THE PRINCIPLE OF ABSTENTION

by·

~iilliam C. Herrington, Special Assistant
for Fisheries and 1Jildlife to Under Secretary of State,

United States Department of State

(The mimeographed text of this paper appeared as document A/CONF.IO/L.19)

In considering the merits of any system or pril1c~ple of international law or

international procedure regarding fishery conservation, it is probably essential 

ce~tainly highly desirable - to have some objective as a basis for evaluation.

From the point of vie" of a "I{Orld organization, the general objective is found in

the preamble of the ·constitution of the Food and Agriculture Organization of the

United Nations: "to promote the common "uelfare ll
• A natural development from

this is expressed in the resolution on the resources of oceanic "lTaters and the

continental shelf, adopted at the tenth inter-American conference at Caracas in

1954: "to conserve such Health and to utilize it properly for the benefit of the

rirarian state, the continent and the community of nations ll
• This leads to the

reasonable conclusion that an important objective of international law or

intcrnatior.al procedt~e respecting fishery conservation is to encourage action

by nations \!hich "I"Till promote the development of the maximum sustainable yield

of products from the sea.

There are various ways by vThich such action can be encot~aged. This paper

discusses one in rarticular: la"l"Ts, principles or procedures uhich stimulate

nations to take necessary action to create or restore the productiVity of the

living resources of the sea, which "llithout such action "I'1Ould exist at far below

the most productive level. It is a necessary concept for utilizing the potential

productivity of the resources of the sea.

A country vThose fishermen are fully utilizing a resource uill hesitate to

establish and enforce regulations involving limitation of the current catch

(and income) of its fishermen for the purpose of creating or building up stocks

of fish to yield higher future production, if this production is freely available
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to other non-~articipating countries which might later choose to draw upon it.

Neither would you and I deposit funds in a savings account or regularly ~ay

insurance premiums, thereby denying ourselves present luxuries or even necessities,

if the resources so built up became available to all our neighbmu's within easy

distance of =the bank or insurance com~any. On the contrary, it is a reasonable

certainty that in such conditions we .Tould 'uithdraw our deposits as soon as

~ossible for current use or would reduce the balance to such a level that it would

not be i'Torth another person's effort to make the trip to the banll: for ",hat 'Has

left.

This is a very practical problem which must be faced realistically if effective

international procedures are to be developed. The "open savings account" has

handicapped the develo~ment of effective international fishery conservation

programmes for the few decades that fishery science has advanced to a stage where

a practical conservation programme is possible.

During the three decades since 1923, Canada and the United states have,

through the expenditure of time, talent and money and through restraints on their

fishermen, saved two major resources from near extinction. Over a thirty-two year

period of intensive research and strict but flexible regulation, the decline in

the yield of North Pacific halibut has been halted, ~nd the productivity of the

stocks built up, 1l.."ltil the catch in 1954 'ITaS the highest ever, a 56 per cent

increase from the 1930 lovT. Meamlhile, in other parts of the 'lTorld~ once

important halibut fisheries have declined, until about 75 per cent of the world's

production of halibut nmT comes from stocks aCministered by the International

Pacific Halibut Commission.

Through research, construction of expensive fishways, abstention from

water-pm7er projects and scientific management, the sockeye salmon stocks of the

Fraser River have been restored from an average annual run of about 2 million

fish to about 10 million, and appear headed for an average level of 20 million

fish or more. The two countries have unilaterally saved and restored other

salmon runs along their Pacific coasts in a somewhat similar manner •
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To exam;i.ne these almost unique cases further, the savings account analogy is

again useful. Hm·r dces it ha.ppen that Canada and the United States have been able

to build up these sustainable high-yielding resources under the traditional world

philosophy of open savings accounts? The answer is that in these cases the open

bavings account existed only in theory. During this period the nearest neighbour

who might have been interested in drawing on these accounts lived at a relatively

great distance. Hith the horse and buggy transportation available in the early

years, i t "\~as not worth his while to make the trip to the banlt. for the amount of

bullion he "\16.S able to carry. Consequently, Canada and the United States actually

enjoyed cl0sed account conditions during these early years.

Later on, efficient motor transport became available. This made the distant

neighbour's trip to the banlc practical. However, after discussion with Canada

aud the Unitea. States, creators of the l1ank account, the interetlted neighbour

recognized the merits of the case and refrained from dra"\dng on the halibut and

salmon accounts. This attitude "\~s based on the prima't'y consideration that these '~

accounts existed in a healthy and productive condition as the result of the efforts

and restraints exercised by Canada and the United States~

As a result, the accounts continued in a highly productive condition, with

Canada and the United States, uithin the limits of their technical and scientific

abilities, making full use of the annual intel"est and constantly striving through

continued research to improve their investment and management practices to increase

the returns. In achieving this, the interests of no other country were harmed,

and no potential production "\·16.S being "\·16.sted.

Let us turn from this exhibit to another. In the North Sea, some distance

off the coast of Denmark, Germany and the Net."'1.erlands, there is large shallow

area separated from the coast by a deeper channel. This is the famous Dogger

Banlc. In the North Sea is found the plaice, a flounder vielled by Europe I s

connoisseurs as one of the choicest products of the sea. The plaice sFawns in

the south-eastern and southern North Sea, and prevailing currents carry the fry

to the coasts of Denmark, Germany and the Netherlands. Shortly thereafter,

tremendous numbers of baby plaice swarm in the shoal v16.ters of the area. Because
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of crowded conditions" food and living space for individual baby plaice are

limited" and their gro\~th rate is comparatively slow. This happens 'l'Tith many

species but it particularly affects young plaice because they are crowded into a

narrO'l'l band af shallow water. Relatively fe\V' of these small plaice find their way

out to the Dogger Bank because of the deep water channel which separates it from

the coast. The few \~hich to reach the Dogger Bank encounter highly favourable

feeding and growing conditions and rapidly increase in size until they have become

fine" marketable fish. Consequently" even though the fish are relatively few in

number compared with those in the coastal areas" a vigorous and profitable tra\'1l

fishery is maintained.

About fifty years ago one of the pioneers in the field of fishery research"

ProfesEJor \'1. Garstang" recognized the potential!ties in this combination of

circumstances. He proposed that some of the cro\'lded baby plaice on the coastal

shallo\ls be collected and transported in 'l'lell-boats to the Dogger Bank. This

proposal \~as again made to the Internation!:l.l Council for the Exploration of the

Sea in 1930" by the late Dr. A.C. Joh::1.nsen. Thinning out the coastal stocks

actually 'l'lould be beneficial since i, lould result in more rapid gro\·1th of the

remaining plaice. Meanwhile" the yount:. l.'eleased on the Dogger Banl~ 'l'lould enjoy

rapid gro\·1th and increase the catch to an extent that would far more than pay the

cost of transplantation. -Experiments and calculations since then have support~d

Professor Garstang's and Dr. Johansen I s opinions regarding the practical benefits

that \~ould accrue from such a project.

Here then is a method of making better use of nature's potentialities.

So far as "Je Imow" only benefits "lOuld come from the operation. But after fifty

years the project continues to exist only as an idea; ntcrby cottntries continue

to lose a large supply of excellent food" their fishermen lose substantial catches

and income" and potential resources continue to be wasted.

The causes of this failure to use a potential resource may be several,

but I venture the opinion that an importa.nt factor is timidity in facing the

facts and developing some needed modification of the traditional open banking

account concept. The Dogger Bank lacks the early limited accessibility of the

halibut and salmon t'l.reas; instead, it is located in a cro\lded neighbourhood.
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useful

To return to the analogy, the bank is and was within easy reach of many neighbours,

even back in the old horse and buggy days. EVidently few, if any, neighbours were

willing to join in making deposits in this open savings account, since they could

not afford to build up a banl{ account upon uhich the entire community could draw.

Result: loss to the cOtmtries ready to make the investment and, indirectly, to

the ,vorld, to the extent that total food supplies "ere reduced; gain to no one.

In the North Pacific, following the Second World War, with the further increase

in efficiency in catching fish and the greater mobility of fishing and processing

operations uith improved factory ships, it became desirable to develop more formal

arrangements than had previously existed for assuring the conservation of fish

stocks~ This was done b~ Canada, Japan and the United States in the North Pacific

fisheries convention, which entered into force in 1953. In this convention, among

other provisions, the principle of "abstention" was first developed and applied.

The provisions concerning abstention are as follows: \,~en the commission

set up by the convention determines that any stock of fish in the convention area,

the greater part of which is harvested by one or more of the contracting parties,

reasonably fulfils the conditions listed below, the commission shall recommend

to the contracting parties that the party or parties participating in the fishery

of the stock continue to carry out necessary conservation measures and that the other

contracting party or parties abstain from fishing such stock.

The following conditions for abstention are given: (1) EVidence cased upon

scientific research indicates that more intensive exploitation of the stock will

not prOVide a substantial increase in yield w~ich can be sustained year after yearj

(2) the exploitation of the stock is limited or otherwise regulated through legal

measures by each party substantially engaged in its exploitation, for the purpose

of maintaining or increasing its ~~imum sustained productivity, such limitations

and regulations being in accordance with conservation programmes based upon

scientific researchj and (3) the stock is the subject of extensive scientific

study designed to discover '·lhether it is being fully utilized and to determine

the conditions necessary for maintaining its maximum sustained productivity.
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It is provided, hOi'leVer, that no recommendation shall be made for abstention

by a contracting I:arty with regard to (a) any stock of fish which at any time

during the t11enty-five years next preceding the entry into force of the convention

has been under substantial exploitation by that ~rty; (b) any stock of fish

which is harvested in greater part by a country or countries ~ot party to the

convention; and (c) waters in which there is historic intermingling of fishing

operations of the parties concerned, intermingling of the stocks of fish exploited

by these operations or a long-established history of joint conservation and

regulation among the parties concerned so that there it is cons~quently

impracticable to segregate operations and administering control. Abstention from

fishing a stock of fish in a given area does not affect the fishing actiVities of

the abstaining party with respect to other stocks of fish in the same area.

The North Pacific fisheries convention embodying tcese provisions is now in

its second year of active operation. The abstention principle appears to be a

useful concept which encourages countries to make the investment in talent, time,

money and self-denial necessary to derive best use from the present and potential

resources of the sea. Lacking this or some similar provision, countries have

little incentive to create or restore resources through expensive conservation

programmes. In fact, they may even be influenced to abandon such programmes as

they have undertaken, in the conviction that when the resources decline to less

productive levels they will offer less inducement for distant neighbours to journey

far afield to participate in their exploitation.

It would seem that the "I'lorld has nothing to lose and much to gain by

developing the abstention concept, or some more effactive variation, to help

meet the real and practical conservation problems ,,11th which it 1-7111 increasingly

be confronted.
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by
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The purpose of the present paper is to present a brief survey of resources

and areas in respect of which no treaty, convention or agreement has been

promulgated and to consider the information available· concerning these

resources!/ in order to know whether a need for conservation is indicated.

It is also necessary to learn if there are sufficient data to indicate the

type of' action that should be taken. Where the information is found to be

deficient in this regard, it is necessary to provide a basis for discussing what

research ought to be undertaken to supplement existing information so that a

plan for conservation me¥ be formulated. In the following pages an attempt is

made to examine the conditions under whioh these purposes may be fulfilled, and

to le¥ the basis for a task that cannot at this point be carried far beyond

the preliminary stage.

The term lIresourcesll h~re relates to individual species or to groups of
species or to the general resources of the seas in a particular area.
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There can be no doubt that a survey of available information is desirable

at this time, and that some conclusions may be drawn !rem such a survey, though

the conclusion must often be that still more information is required. While

any programme of exploitation requires more and more information, it seems

desirable to stipulate at the outset that such a survey of the fishery problems

of what might be called the llnon-treatyll resources and areas must not be taken

to indicate that all these problems are of a nature requiring action. A brief

di~cussion is given below of the place of conservation measures in the entire

plan of exploitation since, in attempting to :l.dentify llconservation problems ll ,

it is necessary to be clear about what is meant· by conservation and what are

the problems.

A major difficulty in identifying conservation problems for which the

governments concerned have not developed or agreed upon measures or procedures

by which they can be handled is that the already existing agreements are, in

their investigational aspect, so extensive and relate to such a large part of

the world and its fishery resoources. Responsibility for the North Atlantic

and adjacent waters is shared by the permanent commission under the Convention

for the Regulation of the Meshes of Fishing Nets and the Size Limits of Fish

(1946), the International Council for the Exploration of the Sea and the

International Commission for the Northwest Atlantic Fisheries. The North

Pacific is covered by the International North Pacific Fisheries Commission.'

The entire Indo-Pacific area, whose limits are not yet precisely defined, is

under the Indo-Pacific Fisheries Council. The Mediterranean is covered by

the General Fisheries Council for the Mediterranean and by the International

Commission for the Scientific Exploration of the Mediteranean Sea. A commission

has.been proposed for Latin America; a Caribbean commission has certain

responsibilities in respect of that area. The Commission for Technioal

Co-operation in Africa South of the Sahara has certain responsibilities in its

area, and the Perro.anent Commission for the Exploitation and Conservation of

the Maritime Resources of the South Pacific in a large sector of the Pacific.

There are corr:missions for all antarctic whale stocks and for halibut, tuna,

salmon and seals. In consequence, apart from such areas as the Red Sea and

the Persian Gulf, and some uncertainty of jurisdiction in the western Indian
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Ocean, the eastern Pacific Ocean and the broad stretches of the South Atlantic,

there is, as to area alone, a coverage of a large part of the globe.

If, therefore, the esta.blishment of a fisheries agreement for an area, when

entered into by various governments, were mistakenly considered a solution of

conservation problems - in the sense that machinery thus exists for gathering

information, assessing it and recommending action - there would remain only few

areas in respect of which further solutions were yet to be proposed; and even

for these there are signs that recommendations for action are already contemplated.

However, the establishment of an agreement, such as tbat under which the

Indo-Pacific Fisheries Council is constituted, can scarcely be held to solve the

problems of the fisheries in that region, whether these problems are identified

as requiring conservation or as any other Idnd. Such a step is to be r~garded

as the preliminary administrative move to make possible the types of

international collaboration that will accelerate the gathering of information

concerning the resources, improve methods of research and interpretation of

data and, eventually, lead to such discussion of the results as may permit

realistic conclusions about the fishery and appropriate action. Even in the

case of certain other agreements concerned with the regulation of particular

resources, as, for example, the convention establishing the International

Pacific Halibut Commission, it cannot be he:d that problems of conserving these

reS'Jurces have been wholly solved by the adoption of a treaty, or even by

subsequent work in research and management.

In consequence, i't seems to be an unavoidable conclusion that either the

treaty areas must be excluded from consideration in this paper, which thereby

would be reduced to relatively negligible proportions, or that the majority, if

not all, of the resources of these areas must be included wi'chin its scope.

Moreover, it is important to reject the possible implication that the existence

of various treaties and agreements means that the situations to which they

refer are definable either as inv'" .ng conservation problems oX' as partial

solutions of these problems.
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Conservation measures and conservation problem~

Conservation measures involve control of fishing operations in order that

the resources and the catch should continue to possess desired quantitative

and qU~itative characteristics - especially in the light of other forces

affecting such resources. It will be recognized that in this definition the

emphasis is upon restraints placed on fishing operations. The purpose of su.ch

restraint.s, however, is to bri:ag about or to maintain certain biologically

possible conditions in the resource for reasons based on economic and social

grounds.

TJ:e term "conservation problem" may mean one or more of the following:

(a) whetter there is need for conservational measures in the sense defined above;

(b) .There it is established that there is a need for' such measures, what kind

of measures should be adopted; and (c) the measures having reen decided upon,

how they can be implemented. Other supplementary problems might be listed,

such as the arrangements that should be madp. to carry cut investigations for

solving each of the foregoing problems.

It should again be emph~tsized that both the formulation and the solution

of any of these problems, while involving scientific and tecbnical conl?,iderations,

also include decisions as to the ~~nd to be achi~ved, which invo11re economic and

social judgements. There is no single isolated conservation problem; further,

a particular fishery presents conservation problems only in consellll.e:D.ce of the

factors that determln.e its situation, including not only biological out also

economic and political elements •

9onservation in an exploitation programme

If the general history of fisheries is shown in graphic form (figure 49),
~dth the catch plotted over a period of time, the curve showing its growth has

very often a sigmoid shape. When the resource is first discoverht, the catch,

of course, is small. Thereafter, as experience grows and skill develops and the

number of fishing units rises, the catch increases at an accelerating rate, but

at some point this rate of incI'ease slows down and, though the catch continues

to increase, it does so at a prcgressively slower rate until the curve begins

to flatten. out and the catch becomes more or less stabilize-d. This situation

is represented in the accompanying d.iagram, on which three principal stages in
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I
"the development of a fishing industry ha\l'f:::be" _~ed. This Cl.iagram, of

course, is extremely generalized and the hiatcry of no single fishery woulc1.

precisely follow this pattern. However, in principle it is true that :for each

:ir:divia,'~' fishery there is e preliminary exploratory phase1 a developmental

phase and one or more phases of re~ative sta.bility. It is obvioul:l that in the

first two stages the exploitation programme is concerned with increasing the

operations in respect bath of their efficiency and of the total catch. For

fisheries in thes~ stages there is uo immediate que::stion of imposing

conservation measures, though it is conceivable that in scme situations it

might be possible tu foresee changes l'1hich will presumably take place and to

carry out sufficient investigations to be able to propose such ml=asures for

the management of the industry as would lead to its most effect!ve development,

and yet so to control these operations that, in effect there would be

conservation.

Generally speaking, however, conservation measures become necessary only

towards the end of a developmental stage or in a stabilized stage of a fishery.

Nevertheless, demonstration that a fishery is at either of these stages does

not necessarily mean that deliberate restra.int upon fishing operations, such

as may be' _ribed as a conservation measure, if? in fact required. There must

at times be doubt as to whether the fishery has actually completed a

developmental stage, and there are numerous examples of fisheries which appear

to nave reached a stabilized condition but which have suddenly expanded far

beyond that level. It is therefore again important to emphasize that a fishery's

history reflects the play of many factors - ecc.omic and social factors not

least among them. A fishery history may show stabil,ization at l.evels of catch

other than the maximum the stock can sustain. This, in fact, ison.ly a special

aspect of a more general rule ~ that none of the features of the historical

curve of development may be taken, without adjustment (for which other kinds of

in:formation are necessary), as direct evidence concerning the magn:i.tude and

productivity of the stocks from whicb the catch is taken.

Inter-pretation of the history of a fishery can be achieved only after

there has been a biological analysis of the fish stocks - for this purpose also,

certain technical and economic data are necessary - and measurement of their
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properties, combined with an anaJ.ysis of the technicaJ., economic ar.d sociaJ.

factors involved. After such a study has been made, and it is shown that the

catch has approached the level above which no amount of fishing, in practicaJ.

terms, can be expected to increase it, then that knowledge is sufficient to

determine with confidence the nature of the effect which exploitation is

producing on the stocks. Some measures for controlling the exploitation may

then be proposed, either to maintain certain established features within the

stocks, to produce other features or to restore still others. This is the

true conservation situation.

Precautionary conservation

From time to 'time, research workers, administrators and members of the

industry have the impr~ssion, frem certain relati~ely isolated pieces of

evidence, that a fishery has reached its finaJ. stage and that the effect of

fishing operations is such that it is necessary to exercise some restraint

upon them. In these situations resort is had to certain generaJ. principles,

such as the desirability of ensuring that each fish has the opportunity of

spawning at least once, and restrictions are imposed u~cn fishing in order to

obseJ re these principles. In these cases - aside from the fact that the need

for conservation is not truly established - there is no certainty that the

measures applied will have tre effects that are sought or even that the effects

themselves are truly desirable.

Of course, such precautiopary conservation will not necessarily prove a

failure, but, on the other hand, those who impose such measures cann-:>t

determine that they are not causing an important and unnecessary economic loss

to the i!ldustry. Since, however, there appel3,rs to be no 10gicaJ. basis for the

adoption of suc~ measures and since it is aJ.so impossible to predict when such

measures may appear desirable, it is not possible in this paper to consider as

true conservation problems the situations where precautionary conservation is

being or might be practised; certainly no such situations can be anticipated.
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.Recapitulation

Each fishery normally passes through at least three stages in its history.

In the first of these stages, which is exploratory, and generalJ.y in the second

also, there is no occasion for conservational action. Such action can be

considered only in relation to fisheries in or approaching an asymptotic stage

of their history. To pr.ove that a fishery is at such a stage, it is necessary

to analyse evidence concerning the biological, technical and human elements, and

the various factors influencing these. If it can be shown that fishing

operations are likely to continue with an intensity endangering the future of

the fishery as a Whole, measures to restrain these operations should be

designed in such a way that they will produce effects on the stocks which will

be of econemic and social advantage to the countries concerned.~/
In a schedule of fisheries, conservational problems are present only where

the existence of some such characteristics has been recognized and is considered

undesirable for one reason or another. Among fisheries for which the

conservation problem is recognized, it may be one or more of the three types

listed earlier: (a) whether there is need for conservation measures; (b) what

kind of measures should be adopted; and (c) hm'l the measures should be

implemented.

Schedule of world fisheries

The schedule at the end of this paper presents a list of the unit fisheries

of the world, indentified by their common names, vlith a certain amount of

grouping to permit treatment in terms of the foregoing definitions. (Figure 50

provides a key to the numbered areas.) So far as possible, the schedule indicates,

for each of the unit fisheries, the species being exploited, the location of

the-fishery, the gear which is uspd and the countries participating in the

fishery.

~ IIhe idea of lIendangeringll denotes a wide range of possible undesirable
consequences. M. Graham in his paper on IIConcepts of Conservationll, above,
mentions declines in total catch, ~.J.1. catch per unit effort and in average
size of fish. To this list may be added others, such as undesirable
changes in the composition of the species and other variations tending to
reduce the value of the catch. .
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In preparing this schedule, the terms "renewable resourcesll,"management

unit ll and "unit fishery" had to be defined. It is essential to regard a

renewable resource broadly, including not merely the size groups of fish of

econcmic value, nor only the entire population of the species which is of

present economic interest, but the co~unity of associated living organisms to

''1hich this econcmic species belongs. The importance of this vie''ipoint derives

from the fact that the entire association is affected by fishing operations and,

conversely, that fishing operations themselves are in large measure dependent

upon forces operating within the entire biological system. The magnitude of the

stocks which are of immediate interest and are actually being fished is

determined by the magnitude of the entire population of which these stocks are

part, and the magnitude of that population is in turn dependent upon the

community within which the species lives. The resource, therefore, must be

defined as a dynamic system of which one part, the population of the species,

is of interest to man ,.ho, by his fishing operations, removes a part of this

population.

In his paper, liThe Scientific Basis for a Conservation Programme ll , above,

M.B" Schaefer has indicated that the unit for management purposes is the

separate population of a species. The importance of this unit, its

characteristics, and the method of examining and measuring them are described

in his paper; the relations of this unit to its environment are discussed by

J .B. Tait in his paper on the :'Role of the Environment in the Biology of

Economically Valuable Stocks 11 •

The term "unit fisheryll is less amenable to definition. It is best

understood in terms of the common names of fisheries, such as trawl fishery,

herring fishery, ,{hale fishery and so forth. In some cases, the unit fishery

is based upon a single unit stock, and it is of great importance to be able to

~onfirm that the area of the fishery is coextensive with that uf the stock.

In other cases, the unit fishery is based upon a particular community, for

example, in a fishery exploiting demersal stocks, where the gear used may take

two or more species simultaneously. Sometimes the fishery is thought of in

terms of particular areas, or of particular types or grct:ps of craft or gear,
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but in many of such cases it is a sub-unit rather than a true unit that is being

discussed, since the fishing exploits only a part of a popuJ.ation. From the

biological point of view, all fishing upon a particular UP~t stock must be'

included within the same unit fishery.

In compiling this list of unit fisheries, a quick review was made of

available literature concerning them. This literature is, of course,

exceedingly vol~nous, and some fisheries are more fully described than others.

For example, literature on the resources of the North Sea and the North Atlantic

is most extensive; literature on other resources, such as the flying fish of

the Celebes, is sparse. From this literature, scnie attempt was maa.e to

summarize available information concerning resources being exploited by each

fishery. It Has at once apparent that this would tal>:e ml.~·e time than was

available and would result in a very bull>:y document. Moreover , authoritative

reduction of these data, frcm the point of view of determining their reliability

and usefulness for formulating conservation programmes, could scarcely be made

in a short time frcm a single office, even if the compilation were complete.

In fact, preparation of this ccmpilation is the substantive part of the programme

on which the Biology Branch of the Fisheries Division of the Food and Agriculture

Organization of the United Nations has now embarked. It is not expected that

it will be ccmpleted for several years; it is hoped that regional fishery

ccmmissions and councils will assist on the project.

Thus, without further studies of the character indicated above,

identification cannot be achieved of the types of international fisheries

conservation problems for which the governments concerned have not yet developed

or agreed upon measures or procedures •

. A tentative list of the most important unit fisheries of the world is 'given

belml. 'I'he information, except perhaps for treaty arrangements, is almost

certainly incomplete, but it may provide a basis for discussion and for the

compilation of a more ccmprehensive account. 'Ihe ahJ:.reviatic112 used :!..a this list

DrF:: shr:',-:" cn page 361.
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Fur seal agreement, 1942: Provisional fur seal agreement between
Canada and the United states, 1942

GFCM: General Fishe~'ies Council for the Mediterranean

Halibut Commission: International Pacific Halibut Commission

ICES: International Council for the Exploration of the Sea

ICNAF: International Commission for the Northwest Atlantic Fisheries

North Pacific Commission: Intern~tional North Pacific Fisheries
Commission

Overfishing convention, 1946: Convention for the Regulation of the Meshes
of Fishing Nets and the Size Limits of Fish (Overfishing conference, 1946)

Salmon Commission: International Pacific Salmon Fisheries Commission

South Pacific Commission: Permanent Commission for the Exploitation
and Conservation of the Maritime Resources of the South Pacific

Tuna Commission: Inter-American Tropical Tuna Commission

(See IJages 362 to 371 for schedule of fisheries)
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