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PART I

TYPES OF SCIENTIFIC INFORMATION REQUIRED FOR A FISHERY CONSERVATION PROGRAMME

A. Introduction

1. The natural resources upon vhich mankind depends are of two kinds. 1In one
category are the resourcés, such as mineral deposits and fossil fuels, of each

~of which there is only a fired amount on this planet. The amounts of such

| resources are irreversibly diminished by exploitations The conservation of

such resources consists in using them as carefully and with as little waste as

possible, so as to secure the greatest current benefits to mankind, and to save
as much as possible against future needs. o :

2« [The second category of resources are those which renew themselves. Such

resources may be éxploited by man without reducing their maximum usefulness in

~ the future. To preserve such resources for the fubture, it is not necessary

to refrain from using them, but only to use them in such a fashion that they
remain capable of continuiné to yield maximum benefits to man in the future.

Of this category of resources, the living resources of the sea are outstanding
exanples.

3« Populations of fishes, and other 6rganisms, tend to rerain in balance with
their environments. Over a reasonably long period of time, the losses from

the population must be balanced by accessions to the population, othérwise the
latter would become extinct. When, however, the percentage rate of loss is
increased, by whatever ﬁeans, the percentage rate of accession to the population
changes, also, so that the population again comes into balance. It is the
resiliency of a population of organisms, its ability to compensafe for increased
mortality, vhich makes it possibie to survive increases in the populations of ,
its predators. This same phenomenon is the biological basis pf fisheries since,

ffrom the standpoint of the fish, a fishery is simply an increase in the predation

ratee It is the compensatory reaction of the fish population to the mortality
produced by fishing which makes a fishery possible, so that the populatién comes
into balance under the environmental conditions which include this predation

by man. It is theoretically possible to impose so much fishing on a population
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as to drive it down below the level at which such compensatory reaction can bring
it into balanée again - to drive it below‘ifg threshold level for survival. |

I know, however, of nd instance where’this’haé‘been éccomplished in a purely
mayrine fishery. It appears that the threshold level is almost always well

below the population level to vhich it is economically possible to fish., We
may, I think, agree that for nearly all populations of organisms in the sea we
negd not be concerned with protecting them against being driven to such low levels
that they can nevef recover. = The question is, rather, from among the wide rénge
of fishing intensities between zero and the maximuﬁ that is econdmicélly &
possible; to choose that which is most desirable, both as being most beneficial
to mankind at present and as avoiding any diminution of the benefits which are
obtainable, on a sustained basis, in the future. o

L, A conservation programme consists,-then, in controlling man's predation in

. such a fashion as to maintain man's benefit from the resources contlnually at

‘the highest sustainsble level, ,

5. It is, in general, considered desirable-fq maximize the total production

in a form useful to man, or, in other terms, to maximize the total catch of
commercial sizes of fish. This general objective must, hovever, be subject to
modification in sote degree iﬁ particular fisheries. . One of the results of
increased fiéhing intensity is the decreased average age and size of the ' _
individuals of the fish population, so that an increased total catch is o
accompanled by a greater share of smaller fish. Since different sizes of. flSh
are, in some fisheries, not equally desirable in the market, a compromise nust be
. reached between maximum total poundage and the most desirable size composition

of the catch. In some fisheries, of course, it is possible to control the

’ sizeé of fish captured independently of the intensity of fishing, but.in‘others

this is not practicable, in which case changes in the ouallty of the catch go
hand-in-hand with changes in the level of the average total catch.

6. Other economlc considerations must also sometimes be . taken 1nto account.
Where, as in the caue of a number of the clupeoid fishes, they may be used by

man in different forms (e.g. as human food, or as fish meal for animal feeds)

the relétive desirability of such uses needs to be'cogsidereda Further, it is not
always considered desirable to.maximize the sustainable total yield, regardless ofl'
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the effort expended in making the harvest. In some caaes, economy\of fishing

effort may be of at least temporary 1mportance, even though the total yield is

thereby somewhat diminished. Indeed, it has been asserted by Gordon (1953), -/
and implied by Burkenroad (1951}, Beverton (1955), and others, that it may be

" nost desirable to maximize the net economic yield.

7. The function of scientific investigation, iﬁ relation to the problems of
fishery conservation, is to provide the factual information on the basis of
which man can control or modify his predation on the populations consbituting
the fishery resource so aé to maximize the harvest‘ both with respect to quantity -
and quality, or otherwise control the harvesting to desirable ends. This
involves the determination of the effects of man's predation on the abundance
and comp051tlon of the pqpulatlons of fish, and on the resulting quantity and
quality of the catch. It also involves determining what courses of action may
be taken‘to.control fhe activities of the fishermen so as to produce desired
changes in the fish populations and in the catche.

8. These, as will be seen, are matters of some complexity. One df the

- principal complicating factors is that the chaﬁges in man's predation are not
the only causes of changes in the fish populations. Variations in the fish's
natural enviromment operate simultaneously, affecting the abundance and
composition of the populations, and also the ease of capture, or availability »
to the fishermen. One of the important and difficult tasks of the fisheries -
scientist is to take account of such effects arising from "natural" causes, and
so reach a correct estimate of the effects of fishing alone.

49. . The factors determining the standing crop and harvest of a fish population
under exp101tatlon by man, and their 1nterrelationsh1ps, have been diagrammed on
the accompanying chart, Flgure 1. ~/ It may be seen that we are concerned with
the mutual interactions of a cons1derable number of factors. . To manage a fishery

' completely it would be necessary to understand in their entirety all of these

interrelationships. However,‘it is possible to achieve a useful measure of

control with less than perfectlunderstanding; |

;/ See bibliography (rage Lo rr.) for this and subsequent refefences;
g/ See Figure 1 st the conclusion of this document.



A/CONF.10/L.1
English
Page T

10. As indicated in the diagram, and as will be developed in more detail below,
ve may consider the understanding of a fishefy aﬁd the ability to managelit at
three levels. ' At the first level we may simply develop the relationships
between the amount of fishing, the quantity and quality of the catch, the

‘ quantity and quality of the population, and the rate of natural increase of the
population (vhich may be taken as the harvest on a continuing basis). This ’
treats all the environmental factors as random variables, and so lacks precision.
It also gives us no insight into the factors making up the natural rate of
increase. ‘This procedure is, however, often adequate to determine yhéther a
greater average harvest may be obtained by restrictions on Tishing, and o to
indicate when conservation management is required. : »
1l. At the second level, we undertake to measure separately the three components'
(reproduction, growth, and natural mortality) which determine the rate of

natural increase, and how each of these is rela%ed to the abundance and age
composition of the popﬁlation. This provides an improved understanding of the
fundamental nature of the fish population, and so mekes possible more precise
management of the fishery. The environmental factors are, again, treated as
random variables, so that we are able only to regulate for average environmentall'
conditions. s V o \

12. Finally, at the third level, we‘shail dbtain‘a full understanding of’the

- envirommental factors - both physical and biological - influencing the |
population, and so achieve the capacity for full management of the fishery. This
ideal stage is far from being realized‘fqr any of our fisheries, but is an

vltimate goal of fishery science.

B. The extent of separation into independent populations

i

13. One of the important aspects of a fishery resource is the natural biological.
units into vwhich it is divided. Characteristically,‘a species of animals is i
constituted of groups 6f lovwer taxonomic order, which are the basic units from
the standpoint cof conservatlon. These ba51c units are not always capable of
clear definition, since the extent of separatlon into such units is not alwayb
- clear in the species itself. However, these units, which we refer to here as
populatlons, or stocks, have certain properties by which they may be

characterlzed.
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14, A population of organisms is a homogeneous group of members of the same
species, which interbreed freely among themselves, and which occupy a continuous
enviromment, and so are\able freély to intermix and thus maintain their
homogeneity. As ‘a result of inmbreeding, the mémbers of the population are
genétiéally more similar to each other than to mewbers of other populations of
the sane species} Since there is this ﬁigh degfee of genetic similarity, and
since'the»population lives in a continuous ehvironment, which is of'ten to some
degree different from that of other populations, theré‘commonly occur anatomical
differences of either genotypic or phenotypic origin by means of which the
merbers of the population may be identified.

15. These divisions cof a Species'infd populations are not always complete and
clear cut. It frequently happens that there are biological barriers (régions
not suitable for the existence of the members of the species) geographically

. separating regions of suitable enviromment. The members of the species within
one such region are clearly independent of those of other regions; Within such
a region, hovever, there often exist populations of the same species which are
only éartially’independent, since, although they tend to intermix and'ihterbreed
with thé other members of their own population, they do intermix and interbreed
to a greater or lesser extent with members of other pcpulations. In such a

~ situation the populations are only semi-independent. D'Ancona (1954, Chapter 2)
contains an excellent review of these matters. ' '

16. One of the -important characteristics of a population is that it tends to
respond as & unit to changes in population magnitude, whether induced by natural
causes or by fishing. To the extent that the populaﬁion is independent of other
populations, therefore, its~résponses to exploitation by man are independent of
those of other populations. ' .

17. It is quite obvious that knowledge of the extent of separation of a resource
into independent or semi-independent populations is one of the important
categories of scientific information-with respect to conservation. Conservation
is, essentially, applied population dynamics, and the basic unit in population
Cynamics is the population. '

18, Conservation measures will be most efficiént if applied to each population

individually, This, however, is not always.possible, either because of lack of
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knowledge of the detailed population structure of a resource, oOr because it is nob
alvays feasible, in practice, o regulate each of many populations separately,
particularly if they are not very discrete in their distribution in space or time. .
In these circumstancés, an aggresation of population units may be successiully
‘treated as a conservation management unit.  An example of such a situation is
offered by the North Pacific halibut (Hippoglossus stepolepis). The members of
this species along the American coast to the nofth and west of Cape Spencer were

shown' by the scientists of the Imternational Fisheries Commission-to be distinct .
from the stocks to the south of Cape Spgncer, and successful management regulations
| were establiéhed,'based on this geogréphical division. Subsequehtly, it has been
discovered that, within each region, there are sub-populations which appear on the
fishing banks at different times of year, and improved harvesting of the resource x
has begun, based on.this'improved knowledge of the population structure. ({Dunlop .
and Bell 1952). . '

19. In the case of the Paéifié’salmons of fhe genus Onchorynchus, which,épawn iﬁ

' rivers and Streams, the fish tend to return for spawning to the streams in which
. they were born, thus to each stream corresponds a populatidn, During the period
of time spent in the sea, however, ‘several populations of the same species are .
present in the same sea region. The major fishefy along the American coast takes
place on the adults as they réturn foward their spawning rivers, and it has been
found that in some cases diffefent ponulations pass through the fishery atfx
different times, waking it possible to control the amount of fishing 6n.separate
populations. - i ‘ V

20, For the most effective management of a resource, we need to know, in as much
- detail as possible, and for a number of reasons, the populations into which it is
. separated, and also the distribution of these populations in space and in time.

We need to.be_able to refer the catches obtained by the fishermen to the -
populations from'ﬁhich £hey are taken. In attempting to'elucidate, the effects
.of various‘ﬁhysical and bioiogiéal_environmental factors on the size and quality
of the populations, we need to be able to collect per@inent daéa on:the.geogfaphical
location of the populations at various stages of their lives. The important
investigations of the iife history and ecology of the fishes, which will be
discussed sub$equently,.need to be related to particular populations. Finally, .
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in order to obtain the moximum harvest from the resource, management measures need
to be applied, as far as practicable, to the separate populations, so as o \

haximize the harvest from each of them.

C. The geographical ranges and maghitudes of the populations
constituting the resource

2L, As has been pointed out above, the basic uni@ for conservation management is
the population. A fishery for a given species may depend on several populations,
- which are independently affected.by man!sApredation, and may also be independently
affected by other (envirommental) factors. The quantitative sciemtific
investigation.of a fishery resource, having the objective of providing the
technical information upon which effective conservation may be obtained, needs,
therefore, to be conducted in such fashion as to provide the information needed
for the conservation of each of the populations comstituting the resource.

22. We need to know, first of all, the geographical range of the resodrce, and
the ranges of any populations into which it may be separated. Such knowledge is
necessary in the first instance in order to determine the region of the sea within
which it is necessary to conduct scientific investigatiobs. This is of great
practical importance in determining the requirements of ships, men, and money
needed for the investigations; in determining to what extent the fisheries of
more than one nation may be involved, which will have an important bearing on the
arrangements for the scientific investigations; and in the detailed planning and
execution of the research. This kind of knowlédge'becomes equally important, of
course, in determining over what area of jurisdiction regulations need to be
applied to control man's predation on the resource effectively in order to reap
the maximum sustainable harvest. Tt must be understood that both the scientific

investigations and the subsequent management measures need to be extended over

- vhatever area of the sea corresponds to the rénge of the populations in question.

Since the ranges of the populations of different species of animals supporting

the commercial fisheries are nqt co-extensiye, it will, in general, be found that

the jurisdictional areas must differ for different fisheries.

25. The situation in the North Pacific with respect to halibut,‘salmon‘and

albacore tuna is a fairly good illustration. The range of the halibut populations

~
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of the American West Cozst extends northward and westward from California aiong
the coasts of 'the United States, British Columbia, and Alaska, out along the |
Aleutian Islands and into the Bering Sea. There is, apparently, no intermixing
with the halibut popula*ions on the Asiatic side in the vicinity of Hokkaido and
the Kurile Islands. Investlgatlon and menagement of the American halibut flsheryv
involves, therefore, o only an area of jurisdiction off the coasts of the
Uhited'Stétes, British Columbis, and Alaska. On the other hand, the several
species of Pacific‘salmoh, spawninbAin streams on the American cdntineht range

far offshore from their home streams, Just how far not beinu known. at present

and presumably intermingle in ‘the offshore feedipng areas W1th members of
populations of Asiatic origin.  Even more far-ranging are the albacore tuna of
the North Pacific. Recent studies irdicate that some of the fish subject to
capture aiohg’the United States west coast migrate completely across the ocean to
Japanése waters, and are fished in mid-ocean and in the coastal watefs of Japan.
Competent investigation and managemenu of this resource w1ll of nece951ty, cover -
the entire North Pacific Ocean. '

2k, It is, of course, of the utmost importancé‘to determine the magnitudes of

the populations constituting the resource, in relation to the amount being
harvested, in order to determine whether or not the current rate of Ilshing is
larve or small, and thus to have a ba51s of Judblng whether any conservation
actlon is required. Where the degree of predatlon.by man is so low that the
losses from the stock of commercial sizes due to fishing are small in relation to
the losses due to natural causes, there is no need for conservation measures. ‘
Where, on the contrafy, the rate of fishing iéAhigh, it becomes imporﬁanﬁ to

/ proceed further to determine whether it may have exceeded or be about to exceed
the Tishing intensity corresponding to the maximum sustainable yield. |

25. It is important to note the distinction between the magnitude of the staﬁding
crop of commercial sizes of fish - that is, the total amount of fish of commercial
sizes in the sea at any time - and the productivity of the population - that is,
the amount which can be harvested on a suotainable basis. "Productivity" as used '
here is equlvalent to the "rate of natural increase of population” on the diagram
(Figure l), and also to the term ' equ*llbrium catch" employed in a later section

(p, 27). The maximum standing crop will, on the average, exist in a virgin
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population on which there is ﬁo fishing, and for.which the productivity, in the
sense employed here, is zero. VWhen a fiéhery is first applied, the standing crop,
on'thé average,rdécreaées and the productivit? increases, With increasing
1nten51ty of the fishery, the productivity 1ncreaseo for a time as the standing
crop decreases. Eventually a point is reached, at some intermediate level of
flohlng intensity, where the productivity is maximum, a fter which it falls off
with increasing intensity of fishing. ’
- 26. The relationship between size of standing crop and rate of natural increase,
or pfoductivity5 is different for different kinds of organisms. Some species,

such as the dogfish shark (Squalus suckleyi) of the North Pacific, are very long-

lived and slow growing and have a low fecundlty, so that the productivity is always
small in relation to the size of the standing crop. The opposite extreme is
exemplified by many tropical species, as, for exauple, the troplcal anchovy
(Cetengraulis mysticetus) used for tuna-bait in the Eastern Troplcal Pacific,

which grows very rapidly, has a high rate of reproduction, and a short life,
nearly all of the members of the population being in their first and second years
of life. In such species the productivity is large in relation to the size of
the standing crop.

27. In considering the "magnitudeh of the ﬁopulations constituting the resource
we are concefned both with the size of the standing crop and the productivity.
As will be discussedufurther in a later section, the determination of the effect
of fishing on the resource rests largely on the study of the relationships
between intensity of fishing, population abundance (size of standing crop), and
its productivity.

D. Pertinent facts respecting the life history, ecology and behaviour
of the fish constituting the resource

28. The purpose of scientific investigation of a commercial fish population is
to evaluate quantitatively the effects of man's exploitation on the amount and -
quality of the population, and of the catch, and also to pfovide a factual basis
for effective conservation action, if such action is found to be réquired. Since

changes in the size and composition of the population, and of the -catch, are
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| caused not only by the amount\of fishing, but also by variatione in various
features of the physical and biological environment, it is desirable to obtain
some undefstanding of all of the caueee of changes in the population and in the
catch, and of the manner inhwhich such changes are prcduced. This should enable
us\to arrive at estimates of the effects.of,eiploitation on the resource, and to
determine what changes in the fish populations are not due to exploitation.

29. Research on these matters requires study of a number of aspects of the
biology, ecology, and behaviour of the fish constituting the resource. I have
attempted in Figure 1 to construct a diagram indicating the interrelationshipe of
factors which determine the standing crop and yield of a population,under 7
exploitation by man. To each of the several factors indicated on this diagram
correspond categories of information which must be known in order to determine
their interrelationships on a quantitative basis. This method of categorizing
the information.reguired may serve as a basis of more detailed discussion of the

pertinent biological facts.
1. TFacts respecting the composition of the population and the catch

30. The yield of a Tishery at any time is dependent on (a) the magnitude and
composition of the population of fish of commercial sizes (which is also called
the "etock"), (b) the intensity of fishing (quantity of fishing effort employed),
and (c) the availability of the fish to the £1shermen (i.e. the relative share
of the stock which can be captured by an average unit of fishing effort).
31. It is cbvicusly important to obtain, on a continuing basis, measurements of
the amount of fishing effort employed, the magnitude of the catch, and the
magnitude (at least the relative magnitude) of the stock.
32. It has also been found by fisheries scientists that it is of very great value.
to determine, on a continuing basis, the size and age composition, and sometimes '
the sex composition, of the stock for a number of reasons, among which are:. '
(a) Fishing, even if not selective, affects not only the magnitude of
the stock but also its size and age comp051tlon, since, by increasing
the mortality rate, the longevity, and, therefore, the average age and size
of the fish in the stock,are reduced.
(b) Continuing data' on the age and size compositicn of the stock provides
part of the information for inferring certain vital statistics of the
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population - the rates of mortality, rates of growth, and relative rate
of recruitment (relativéumagnitude of year classes entering the stock).
(c) -Evidence of fishery-independent changes in the stock due to variable
+ success of reproduction is obtainable from the variation,in,year-cléss
'fstrength - the occurrence of the so~called "dominant" year classes.
33, The ccmposition of the stock is usvally inferred from the composition of the
catch by the application of ancilliary information as to the intensity of fishing,
and as to the selectivity of fishing, by size, age, and sex, which may be due to
the selective action of the type of fishing gedr used, the differential
dlSufibutwon of the ;1sb on the fishing grounés, or other a"ailaolllty factors.

2. Facts respeCulng the avallabllltj of tue fish to »he flohermen

3k, Ih:o¢d¢r to 1nfer the,magnluude.and comp051p10n of the stock from the,

success of fishing (catch per unit of fishing effqrt) and the composition of the

catch, one must apply adjustments for variations in the “avﬁilability" of different

 catevories of fish to the fishing effort. "Availability" is employed here, as by -

Marr (1951), to mean the degree (in percentage terms) to which a group of fish is

" accessible to the efforts of the fishery. It 1s well known that avallablllty

varies frow time to time, place to place, and among different components of ‘the
p0pulation. . Various statistical devices may be employed to discount the effectS“
df.aﬁailabiliﬁy in the absence of'sufficient informa ion to apply correcflon

factors.  This, however, causes a loss of prec131on in the results, and it is

therefore of value to cbtain knowledge of those facts respectlng the blolovy and

behaviour of the fish which are important in this connexion.’

35. The availability of the fish is dependent to an important degree on the’
geographical Aistribution of the fish with relation to the location of the fishery.
It is, therefore, important to determine the seasonal changes in distribution due -
to migration. .. Such migrations often differ for different age, size and sex -

categories of the-population. In the case of the sardine of the American west

coast for example, the larger and older fish perform extensive feeding ﬁigrations

northward from the spawning centres off California, while the smaller and younger
fish do not. DMapy species of fish perform migrations to particular areas during
their spawning season, sO0 that the sexually‘maturing adults are removed from the

fishing area. (as in the case of the Pacific sardine), or come into it (as in the
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case of the North Pacific herring). Some kinds of fish do not perform any large
migrations causing major shifts in the geographic distribution bf the fbpulation,
but they do move about to a greater or lesser degree in a "randon" manner, in
search of food, or for other purposes. The immature halibut of the southern
fishing grounds off Canada and the United States offer one example of this sort

of movement (Thompson and Herrington 1930). .In such cases the extent of such
"random" movements may be an important factor in availability. -

36. The bathymetric distribution of the members of the population is important“
to those fisheries which operate at fixed depths in the sea, and this distribution
is sometimes subject to variation with age, size or sex of fish, and with season
of the year. The smaller sizes of yellowfin tuna (Neothunnus macropterus), for
exaﬁple, oceur near the surface of the sea and are thus accessible to capture by
éurfaceffishing methods, while the larger sizes occur to a lesser extent near

the surface and are found at depths down to at least 80 fathoms, vhere an entirely
different kind of gear is reguired to capture them. An example of seasonal
variation in bathymetric diséributibn,is offered by the/éod in Greenland waters.
Rasmussen (1954) repor%s that during July and August the cod leave the bottomn and -

form shoals in the upper strata of the sea. -

37. The capture of a number of species of‘fish, such as the herrings, sardines,
anchovies, and.mackeréls, by the use of surrounding‘nets of various kinds dépends
on the aggregation ol the fish into compact schools which can be surréunded by

the pet. = Variations in the aggregation hsbits of the fish, i.e., the sizes of
the schools and their compactness, have important effects on the degree of success
of capture. Commonly, the aggregation habits change with the age and size of

the fish, with the.state of sexual maturity, and with seasonal changes in the
,physicai and biological factors of the environment. Tt is less clear whether

the amount of fish in the stock, i.e. the population density, also influences the
aggregation habits. E | - ' ‘ '

38. The capture of many kinds of fish is accomplished by the use of baits or
lures, and thus the success of éapture depends importantly on the feeding habits
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of the fish, which vary with age, state of sexual maturity; and.w1th physzcal‘
conditions such as temperature, etc. _ ‘

%9. Variatlons in uhe physical environment have been shown, in one fishery or
another, to influence directly or indirectly all of the above-mentioned factors
 involved in making the stocks of fish more or less available to the fishermen.
The inyestigation of the influences of changes 1n.the physical enviromment on
the distribution, migration, aggregaxion, behaviour patterns, etc., of commerical"
fish species is, therefore, an imporpant;aspect of the scientific investigation -
of fisheries, as illustrated, for example, by several papers in the symposium
of the International Council for the Exploration of the Sea (I1.C.E.S.) on
"pisheries Hydrography" (Lucas, et _al 1952).

3« Components of the rate of natural increase of the population

40, As noted previously, the catch made from a fish population during any year
depends on the size of the population and on the amount and effectiveness of
the'fishing effort applied. The amount of the cateh which can be taken w1thout
changing the size of the population depends, however, on the asmount of the naxural \
“increase of the population. If the flShery, during 8 year, takes only that 4
amount of fish which represents the excess of increase due to reproductlon and ~
growth over the losses due to deaths from naLural causes, the net change in the 'M
stock 1s zero. - "The excess of 1ncrease due to reproductlon and growth over loss E
due to natural deaths, per ‘unit of time (usually a year), we term the rate of f
~natural increase.  VWhat we seek to do in a conservation programme is to balance |
- the rate of catch with the rate of natural increase, averaged over a sultable ‘ ‘
period of years, and further to establish this balance at the level most beneflclal
to man. ~ In general, we try to achleve that balance whicn will provxde the

maximum average catch.

-41. For the most effective conservation management of a populaiion;‘it‘is
desirable to have knowledge concerning the biology and ecologv of the flsh
pertinent to each of the three components (reproducblon, growth natural mortallty)' f

making up the rate of natural increase.
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L. TFacts respecting additions by'reproducfion\(recruiﬁment) 4

L2, Basic information in this category includes the facts on the spawvning habits

of the fish. We usually wish to know the age and size at first maturity, in -
order to determine to what extent the fishéry operates on,sexuaily immature

members of\ the population. The type of reproduction, particularly with reference
to the protection.afforded»the eggs and‘young, is important. This ranges from '
ovo-yivaparous reproduction, in which the young are protected until some time

after hatching, to completely pelagic spawning,'where the eggs drift freely in

the sea’and are at the mercy of the environmment and of predators from the instant
of deposition. Determinations of the.fecundipy (ﬁumber of eggs spawned by

females of different sizes) and frequency of -spavming (number of spawnings per
femgle per Year) are valuable in.as;essing~the reproductive potential of the
population; they are also of ﬁalge in determining the absolute size of the adult
population by the method of determining the‘totai eggs spawned, from net hauls,

.and dividing by the mean number of eggs spawned per adult.

g L3, The determination of the areas of spawning and the season of spawning is of
importance, both as a bésis for the quantitative estimation of the adult

population by the\ﬁethod noted above; and as a basis for studying the effects of
environmental factors on the survival of eggs and larvae. :

Yy, The importance inufisheries managenent of studying the early life history

of marine fishes rests on the observation, made many years ago by than Hjort and
his co-workers in Norway, that the -success or failure of most broods of such species
is detérmined very early in their life. The phenomenon of large variations in
success of reproduction exhibited by many marine fishes has been demonstrated tb

be very often due to variations in their enVironment during their early‘life, '
before reaching commercial size. Elucidation of these rélationships requires
rather comprehensive knowledge of the biology of the fishes during their—larval
and juvenile stages. Pertinent aspects of the early life history include:
rates of development and growth of larvae and Jjuveniles; food and feeding habits
of larvae and juveniles; behaviour, including aggregation habits and tropisms of
larvae and juveniles; spatial and temporal‘distribution ofhlarvae and juveniles;

migrations of juveniles.
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L5, impoftant also in conservation regulations is the determination of

" "nursery” areas = regions of the sea izihal;ited by the sub~-commercisl sizes which
may profitably be éffordea proﬁéction'from the predation incidental to fishing
for commercial sizes of the same or other species.

k6. Of special relevance to the,problém of conservation management is the

:'detérmination of population density effects on the amount of reeruitment to the
commercial stock, or, in other words, the relationship between the size of the
spawning,population,and the numbef of their progeny4which survive to commercial
size. The importance of density=-dependent mortality among the young stages of
fiéhes,'in,comparison,vith dehsity-in&ependent'mortality; and the form of the
relationship between spawning stock and number of recruits is one of the more
controversial and difficult aspects of current fishery research. ‘Ricker  (1954)
has recently published an illuminating diSSertation.on_fhis problemn, :
47. The elucidation of the relationships between the properties of the
environment and the successlof reproduction is -an important line of study for the '
fish populations (such as the'herrings-of the North Atlantic and North Pacific)-

* in which there are large year-to-year variations in the recruitment, little 7
related to the size df the spawning stock. ' Such variations are, apparently,
due to variations'in,the properties of the enviromment operating-in.several ways.:
It is believed that for a good‘many fishes, at 1eaét, there are critical stages.
“in thelr @eveloﬁment when the lack of some element = such as suitable food when
first starting to feed - may result in very large mortality.  This need not,
however, be always true, or eyén true in‘general,'since‘slight changes in

- mortality rates over a loﬁg period‘of,development can produce the same result.
48. The physical environmental factors may affect the strength of year classes - -
either through direct effects on spawning and survival or through indirect
effects on the food and other means of existence. Direct effects of the '
physical environment will include such matters as the direct relation.befween
temperature and salinity on the location and amount of spawning, the deaths of
eggs, larvae or-juveniieg due to lethal temperafure conditions, and their
transport by currents to éea areas adverée for survival., Indirectly, the
physical environment may affect the survival of yoﬁng through affecting the

"producfion of suitable food, or thfough limiting the space containing suitablg' \
temperature or oxygen, or fhrough othér factbrs'generally included in the term ‘
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"means of subsistence". Such effects may be even more indirect, acting thfough
the encouragement of{the development of,populaziopé of competitors or predators
- upon the young stages, or through the provision of conditions for the favourable

growth of pathogenic organisms.
5. Facts reSpeéting additions to the stock by growth

L9, The number of fiéh in a populationfis added to only by feproductiona ‘The
welght of the stock is, howevér, also increased by>the growth of its individual
nenbers. . ’ ‘ o \ | , _:

50. We wish to learn,how much weight is added per unitkbf\tiﬁé to the members of .
the stock at different ages - the age-growth relationships - because this is one
piece of information important for the determination.of'the most profitable size
at which to harvest the fish in those Tisheries where'thé~size of capture is ‘
amenable to direct control.. It is also important in fisheries where such

control is not pcssiblerbecause, even in this event, there may be a most profitable

average size, which in turn is related to the intemsity of fishing, which can be

B

controlled. , , \ \ : . _ ‘

51. The rate of growth of fishes is a Tunction not only of the age of the fish
but also, when there is competition for food, of the density of the population.\“
This has been rather well demonstrated for some fresh water fishes (see for
examplé Beckman 1941, 1948). It has also been indicated that for some, at least,
of the démeréal.fishes of the North Sea and North Atlantic, the growth among the
youngest age groups is greater at lower population densities. It is to be noted,
however, that the gain in growth is not sufficient to coupensate for the losses

due to fishing of undersized fish of these species (Maurice, et_al 1932).

52. The gfowth of fishes is, again, directly affected by the pfoperties of the
physical environment. It has been shown.both by statistical studies and by
laboratory experiments, for example, that temperature has & direct effect on the
growth rate. ‘ - \

53. Variations in the physical environment may also affect the growth of members
of a fish population through affecting the food supply.> In order to investigate
this for a particular species of fish it is necessary Tirst to‘obtain.information"
on what the fish eat, that is, the kinds of organisms the-fish feed on and any
changes in feeding habits with size and age. It is further necessary\to determine
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whether food is, in fact, allimiting.fector,oh‘the growth of the members of the
population, that is, whether there is ever any shorfage of food.

54L. . In the event that it is shown that the supply of food does, in fact, become
limiting on the growth of the population, it is of further interest to determine
whether the foodlsupply is also felated to the density of the population, that is,
to determine whether grazing by the fish populatlon effectively modlfles the
standing crops of food organisms. ‘The above cited examples of an inverse

relationship between growth and population-density would lead one to infer that - - -

such graZ1ng effects are sometimes of importance, but direct measurement Wbuld’\
be desirable. ' |
55. Where several species of fish feed on the came food the sizes of the
‘ populatlons of competlng species may af?ect the food supply, end thus’ the prowth
of the mémbers of the fish population under study. Whether this occurs to any (
1mportanﬁ degree in the sea is, perhaps, a moot questlon. T

.6. Subtracting from the population bj deaths from causes other than fishlné
56. The balance between additions due to reproductlon and growth and lOSSes due
‘to 'natural" desths determine the rate of natural increase of the population..
57. We are concerned, first of all, to determine the general ievel.of natural -
mortality, or its invefse, the longevity,lof the commercial sizes of Tish in the’
pojulation.because this, with similar knowledge of the reproduction and growth"“
rates,;gives a Tirst approximation to the rate of matural increase, | |
58. For most kinds of animals, including fishes, the mortality rate is not
constant, but changes with the age .of the fish. . The measurement of the age-. . :
specific mortallty rates is diffieult for populatisias of sea fishes, but where - : .
possible to measure it is of great value, because this, together with the age-
specific growth rates, determines whether it is more profitable to‘leaveﬂfishes~of-
a giveh age in the sea or to harvest fhem. 8¢ long as the gain by growth is
greater than the loss by death, poundage will be gained by deferring their
capture, but beyond this age, poundage will be gained by harvesting them.
F 59 Veriations in the mortality of adult sea flshes related to enV1ronmental
- factors are-probably, in general, of less importance than those which oceur during
the early stages of life when the young fish are more at the mercy of their
environments. Such effects may, however, be important in some instances.

N '
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It appears, for example, in the case of the California sardine, that there are
rather significant differences in the natural mortality rates of adults in"

~ different years. The properties of the enviromment can, presumably, cause
mortality of adults either directly or indirectly, as indicated in our diagram.
Little data on these matters are available for the sea fishes. |

, Ts Discounting of envirommental effects .

60. It has been indicated in the foregoing that chenges.in the pfoperties of
the environment can have noticeable effects, on the rate of natural increase of
the population and can also, through affecting the availability of the stock to
the fishing gear, influence our measurements of the relative abundance and quality
of the pbpulatioh, based on the comﬁercial catch. . ’
6l. We are, primarily, interested in determining the effects of man's predation
under average environmental conditions. It is necessary for us, then, to take
suitable account of the variations in envirommental factors. Short term

environmental effects which may be considered as random variables may be averaged
out by statistical methods if we have a sufficiently long series of measurements.
For this purpose, the series of data being considered}must be long reiative to
“the length of the periods of "envirommental changes. This condition is often
encountered in practice. )

62. On the other hand, there somet;mes exist long-tefm environmental changes
which influence the commercially important marine fishes, In such cases, where
the series of data is short in comparison with the period of such changes, they |
cannot be regarded as random variebles, and some understanding of their effecte '
is required so that they may be suitably discounted in getting at the effects of
man*s predation.. Such long-term effects of changes 1a the environment have been
shown, for example, to be of importance in fisheries for North Atlantic cod,

- mackerel, lobster, capelin, and other species (f%nlng 1955, Templeman and
Fleming 1953). ‘ _ ) : ‘
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E. Effects of 1nten51ty and kind of explOLtatlon on the resource, and
current status.,

63. We have considered in the foregoing section the kinds of biologiéal‘andl ‘
" ecological information which are required for evaluating the effects of man's
exploitation on the fish population and on the sustainable'catch; We will
atterpt in this section to review some of the methods which\have been eﬁ@loyed _
in making quantitative estimates of these effects, with particular reference to
deterndnin whether or not in a partlcular fishery the cateh could be 1ncreased
- by measures to control man's predatlon.
64. An outstanding common characteristic ‘of populations of organisms is that they
are self~-regulating; they remain at some more or less fluctuatlng level of
abundance over hundreds, or thousands, of years, neither increa51ng w1thout llmlt
nor decllnlng to zero, in splte of rather great changes in’ their surroundlngs. -
This obviously requires that a populatlon react to changes in its envmronment in
such fashion that the losses from and. acces510ns “to the population come 1nto 'f -
: balance under the changing condltlons.' As we have noted 1n the lntroductlon,
this re51llency of populatlon is the blologlcal baszs of any sustained fishery.;
65. It has been pointed out by Nicholson (19)9, 195La,b), Ricker (l95h), and

‘others that, although the level of abundance of a populatlon can be affected by

any element of its enV1ronment, only those elements Wthh are responsive to '
'changes in populatlon den51ty, and in turn modlfy the populatlon change, are . )
1nvolved in the salf-dovernlng mecnanlsm of the populatlon. We may convenlently -
de51gnate the elements involved in thls self-regulating system as ontrolllng ’
elements and the remalnder as modlfylng elements.’ -The reactions of a fish

population which compensate for the mortallty due to man's predatlon, and make a |
sustained flshery p0581ble, must, - of courue, 1nvolve controlling elements. '
65. It is not necessary that we isolate the elements 1nvolved, but only that we :
determine quantitatively the relationships between intensity of'flshlng, the size

and composition of the population, and the amount and quality of the catch that .

the population will sustain; although an understanding of the mechanisms concerned'v
- is of obvious value, both in understandlng {the dynamics of the fishery and in

applying conservation measures. Y .
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1. The concept of equilibrium/catch and maximum equilibrium catch

67. The basic¢ problem of flshery management has been very 31mply and clearly
formulated by Russel (1951), who stated the matter, egsentlally, as follows:
68, If Pl represents the weight of the population of catcnable sizes of fish at
the beginning of some period of time (say a year) @nd‘Pé represents the weight
of the population of catchable sizes of fish at the end of the period,
PpzPp *A* G =M =C arenrennensnnonase (1)
vhere: . “ ,

A is the amount by which the stock of catchable sizes of flSh 1s

.‘1ncreased in weight by recrultment .of new individuals durlng

' the year (addltlons by reproductlon), ‘

G is the 1ncrease in weight of the stock by growth. durlng the

year;

M is the loss in welght of stock by natural deanhs durlng the

;xyear, and

Cis the welght of the annual catch.
Putting~(l) in a slightly different form, ,

- Py =P A G- TN ¢

69. We see that this states the obvious fact that the chanfe in weight of
the stock is equal to the addltiong to the stock of recru;tment and growth, less
the subtractions by natural mortality and fishing. Obviously, when C is greater
than A + G = M,Vﬁhe stock decreases; when C is less than Al+ G - I, the stock
increases; and when C is exactly eqﬁal to A + G - M, the net change is zero.
70. The sum of the three terms (A + G - M) is what we have referred to above as

the rate of natural increase. The catch when C = A +'G - M, we may call the

equilibriun catch, because it is the catch when t e population is in equilibrium

with its environment, including predatlon by fishing. ‘

Tl. It is clear that, under the same envirommental condltlons, e cept for the
amount of fishing, the equlllbrlum may be established at various levels of stock.
Indeed it may be establishea at any level of stock between the maximum possible
stock (when there is no fishing) and the threshold level for survival. The
problem, then, reduces to estimating (A + G - M), the rate of natural increase
(whlch equals the equilibrium catch) for various values of P (and corresponding

A

values of fishing 1nﬁen51ty) Slnce the several terms are inbtercomnected

i
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‘biologically, and some or all of them are determined by the densityéconﬁected

controlling elements of the environment, there will, in general, be some maximum

 value for fheeqpilibrium catch, the establishment of which is the primary

objective of flshery conservation..

T2. Because both the controlling and'modifying elenents of the environment are
subject to variations unrelated to the magnitude of the fish population, the
stock is, even under constant fishing intensity, never, in practice, in
equilibrium, but fluctuates about éome aversge level corresponding to average
environmental conditions. By taking a suitably long series of observations, ’
hovever, it is possible to deal with the average condition, and to estimate the
average maximum equilibrium catch and the‘fishing intensity corresponding thereto,
in the absence of sufficiently detailed knowledgé of the operation of all

envirommental factors to permit them to be taken account of by other than

- statistical procedures.

73« Although the estimation of the fishing intensity which will produce the
maximum eguilibrium catch is a central objectiveﬂ'a somevhat lesser objective
may be more easily attained, and be of great immediate importance, that is the
determination of vhether the infensity of fishing is above or below the level
corresﬁonding to maximum equilibrium catch. This does not necessitate

estimation of the equilibrium catch over a wide range of fishing intensities,

but only the determination of vhether an increase from the existing intensity

will result in a decrease or an increase in the equilibrium catch. In the latter

case, the population is being underfished (so far as maximum sustainable yield is
concerned),.while in the former it is being overfished, and conservation action
is indicated. . _
Tha The preceding discussion has been predicated oh the assumption thaf under
uniform conditions of enviromment (including fishing) the fish population tends
to. stability, that is under a given set of envirommental circumstances the
population will tend to remain at a fixed level. Most poﬁulations of sea fishes
are believed to be of this sort. There are, however, some kinds of organisms -
notably certain kinds of insects - where the naﬁure of the intraspecific
conpetition leads to ;ustained ocscillations in the size of the population,

i.e. the rate of natural increase tends to be some periodic function,

(Wicholson, 1950, 195tb). It appears that this type of population may scmetimes
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océur‘among fishes,vfor eﬁample some of the population of salmon of the genus
Onchorynchus. It has been shOWn by .Nicholson (195la, b) that this type of
population, under a given set of conditions o,cillates periodically about a
constant mean value which is determined by the conditions of the environment.

If, therefore, we deal with the mean values, averaged over one or more cycles, of
the population and of the factors meking up the natural rate of increase,

equation (2) above and the subsequent treatment applies. In this case there

will still exist some level of sustained fishing intensity and corresponding

mean populatlon which corresponds to the max1mum sustainable mean catch. '

75.- There is, however, the p0551bility that for oscillating populations the
sustainable mean catch might be greater if the fishing intensity were continuouoly
. veried than if held at some constant level, on the other hand it might be less.,

I do not believe this has béen invectigated for any uarine organisms, and, indeed,
I am not ac@uainted with any literature bearing on this matter for any organiém.
In the absence of informéﬁion.regarding oscillatory fish populations, I shall deal =
here only with those kinds of populations which may be regarded as ﬁending to |
stability. As noted above, most, aﬁ least, of our sea=fish populatibns are
believed to be of this kind. | | |

76. As noted in the introduction, and as indicated on the diagram, we may go
about investigating the effects of man's predation at three levels, of increasing .
complex 1ty, but leading to increasing understanding of the dynamics of the o
Tishery, and consequently increasing possibility of efficient conservation

management .
2. Investigations at level I

T7. At the first level of investigation we may simply obtain, over a series

of years which encompasses various levels of fishing intensity, measurements of
fishing intensity, size and composition of the population, and size and
composition of the catch, and,.én.the basis of these,Ainfer the effects of fishing
on the stock and catch, and arrive at an estimate of the current status of the
fishery in comparison with the condition. corresponding to maximum sustainable .
yield. | ' ‘ _

78. ‘The amount of the catcn may be determined from landing statistics, and its i
composition from examinaulon of representatlve samples of the landlngs‘ The\
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relative abuﬁdance of the stock can be measured by the catch per unit of fishing .

*effort, properly corrected for differénces in gear which may be employed. The
nost précise estimates of this sort requlre also corrections for variations in

availability, but vhere these are lacking tae factor of availability may be '

treated as a rendom varisble, if the series of data is sufficiently long, and if

there is, in fact, no systematic, long-term chan ge unconnected with the fishery
activities. To compute absolute gbundance from relative abundance usua"ly
requires data from marking experiments,,although this can also sometimes be
inferred from the changes in catch and relative abundance.

79. In addition to the measurement problem resulting from variations in
availabilit ty to the fishing gear, there may also arise a problem in changing

efficiency of gear, due to improvements of existing gear, or shifts to new kinds

of gear, over a series of years. Various statistical devices for ﬁaking these

into account have been.develoﬁed, end are sufficiently well known to require no .

detailed discussion here,

80. Inferences of effects of fishing on the stock and catch, and the current
status of the fishery, from the evidence of historical records of4changes ‘
in relative gbundance anﬁ catch in relation to changes in fiéhing effort; have
proven most useful in practice. ’ Several good examples come “immediately to
mind: o ‘ ' -

8L. The data on the plaice fishery of the.Noffh Sea, summarized in several
publications of the I.C.E.S. (for instance Figure 3 of Graham 1954) indicate
ciearly that the intensity of fishihg is sufficiently great to have had a '
marked effect on the stock, and that the intensity reached before World War IT
was above that corresponding to the raximumn yield. For this, and some other
North Sea and North Atlantic fish populétions, the respites from fishing ddrinb‘
the two World Wars provided a large variation in flahing intensity, the efzects
of which on the stock are ummistakable (Clark, et al 1948).

82. A similar series of data on the Icelandlc cod (Graham 1954) indicated that

this stock, on the contrary, shows no signs of approachlng the maximum desirable:

level of exploitation. ,
83. In the well known example of the Pacific halibut (Thompson and Bell 1934,
Thompson 1952), the historical’seriés through 1930 indicated that the intensity

of fishing had reached, particularly on the oldest fishing grounds, a level well
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above the maximum desirable, and that the sbock had declined to a point where the
sustainable harvest was well below the maxinum. Acfing on this iﬁformation; the’
harvest was regulated by the Interpational Fisherles Commlssion, with gubsequent, |
rebuilding of the stocks, and eventually some increase in total harvest as well.
8. The simple exsmination of such time series is, in many cases, adequate to
indicate whether a stock is underfished or overfished, ang, thus, whether
conservation measures are required. It is also possible, however, from -
reasonably long ﬁistbrical‘séries of data on abundance, catch, and fishing
intensity to make Quantitative éstimates of the effect of changes in fishing
intensity on the sfock{ and to estimate the equilibrium catch at. variocus levels
of pdpulation, and the ﬁéximum equilibrium cafch. The methéd employed here
conolsts,lessentlally, of con51dering the rate of natural increase, that is the .
sunm of the terms (A +G -~ M) to be some single valued function o; the mean
‘population. | o . _ \
| A4 G-Ms= £(P)
and (from equation 2 above) | |

P

“P -QP ‘f(ﬁ)—c ‘ooo-oo.oososo-- (3)

2 1
85, If we further assame, as - is usual in.fisheriegrreseafch,Athat_the catch
per unit of fishing effort is proportiomal to the mean population-encountered by
.the fishery during the yeér (is a measure of the relative abundance of the,fiéh),,~
and-that. the instantaneous rate of Tishing mortality is proportional to. the
number of units of fishing effort, we have g -

AP E(E) kg FP aiviiriiiiiiieiiaiin (B)
and 3 K PeU ‘ |
where F is.the total number of unius of effort applied durinw the &ear, Pis the
mean population, U is the catch per unit of effort, and kl is a constant. \
86. 1If on theoretical grounds, or on a sufficient basis of empirical experienge,‘
we can specify the form of £(P), we can employ (h), or an equivalent formulation,
‘uo estimate quantitatlvely the relationship between fishing, population, and
sustainable catcb. Blchman (1938) and Graham (1939) have discussed some of the .
theory of this approach. Graham (1935) has applied it in a rough way to the
estimation of the equilibrium catch of the demersal fish stocks of the North Sea,




A/CONF.10/L.1"
- English
Page 28

as has Baerends (1947). Recently the writer (Schaefer 1954a, b) has further
developed the theory and methodology; and shown appllcatlons to Lhe Pac1f1c

. halibut and sardine fisheries. ‘ . N
87. In the interpretation of hiétorical seriés byAthe fofegoing methods, it ié

- assumed that all of the 1nfluences of environmental factors other than flshlng,
as well as measurement errors, may be regarded as random variables. It is’
necessary, therefore, to employ fairly long series of data for such
investigations, for two reasons: (1) Even if the envirommental effects

" mentioned are truly random, the greater the amount of data, the greater the
precision of the statistical estimates; (2) If there exist cyclic variationé,
it is necessary that the series of data be long enough with respect to the
peribd of significant cycles for such vardations to be treated as quasi-random._i
88. If there do exist, unknown to the 1nvestigator, long-term trends or long-
term cycles, in the enviroumental influences, there is the possibility that the
changes in population due to such trends or cycles may be attributed to changes
in fishing effort; whereas they may not in truth be so. ' Certainly soue '
caution needs to be exercised in this dlrectlon

89. Determination of the size and age compos1tlon of .the catch (and stock) over
the same series of years, offers one means of determining whether the cbserved . -
changes nmay be due to fishery-indeﬁendent factors. Where the controlling factor
is the intensity of fishing, there bccur, along with changes in the magnitude of
the stock, changes/in the age composition, systematically related to changes in
fishing intensity, (see e.g. Clark et al,,1948). Such series also make possible
the émpirical determination of the relationships between intensity of fishing
and_quality of the catch, which, as we have pointed out before, may be an
important secondary consideration,in a conservation programme.

Fe Investigations at level II

90. An alternative approach to applying equation (4), or an equivalent
formulation, to the determiration of the relationship between intensity of '
fishing and equilibrium catch is to estimate the individual terms for recfuitmgnt}
growth, and mortality, and combine them to estimate equilibrium catch.

91. The pioneer worker Baranov (1618) was the first, so far as I know, to

employ this method. He assumed that the number of fish recruited annually t@
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the population is constant for all sizes of population. He assumed growth to be .
age-specific but independent of size of population (he took the length to be
directly proportional to the age and the weight ﬁroportional to the cube of the
length) He assumed the percenuage of natural mortality to be constant and |
the instantaneous rate of fishing mortality to be proportional to the flshlng
intensity. Under these assumptiono, he computed the equillbrlum catch for
populations of flsh, hav1ng a specifled rate of increase of length with age, for
various values of natural mortality rate and fishzng intensity.

92, Thompson and Bell (1934) computed the equilibrium catch in a fishery for
various rates of [ishing mortallﬁy, assuming nurbers of recrults constant and
nercentave rates of growth and mortality constant.‘ ‘They also computed the
changes in the population.and yield which would occur in the halibut fishery;
assuming numbers .of recruits constant, percentage rate of natural mortallty
constant, growth to, be age specific (u51ng average ageaweight data from samples
of the catch) but constant‘at each age, and instantancous fishing mortality

rate to be proportional to number of uhits'of gear actually fished. The _
mortality rates employed in the calculationé were in the vicinity of those
inferred frcm tagging experimentu. With these 51mplify1ng assumptlons, they

found, the calculated changes in abundance and catch corresponded rather well with

the actual changes over the perlod of years exanined.

93. Parrish and Jones (1955), studying the haddock of tlie Faroes.and the

North Sea, have computed equilibriunm catch, aséuming nunbers of recruits
constant; percentage rate of natural mortality constant (using in different
calculations a range of rates within which falls the averagé value for the -
fishery in question, inferred from the availsble data); growth rate to be age-i
‘specific, following a mathematical form due to Bertalanffy, but constant at égch
age for all population densities (curve fitted to average data from samples of
the caﬁch); and the instantaneous fishing mortality rate.to\bé proportional

to the amount of gear fished. It is shown that the present'fishiné intengity
in both areas is above that corresponding to maximum equiiibrium catch.

ok, Bevertbn.(l955) has made similar calculations, based on the same
‘assumptions and similar methodology to those of Parrish and Jones, for the plaice
and haddock flsherles of the North Sea. He has also made calculations of the
variations 1n.yield of this fishery, taking into account the effect of variation
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in-age of recruitment, due to regulation of size of mesh of net. He shows that
the eguilibrium yield might be increased from ité-present condition by a decrease
in‘intenéity of fishing, an increase in mesh of net, or both.

95. This approach, combining the estimates from current data of recruitment,

_ growth rates, and natural mortality rate, is adequate to indicate when a fishery
has been overfished; and to indicate the direction regulation needs to take.
Since this does not take into full account the density effects on these factors,
and also neglects the age-specificity of nmatural mortality rates, the estimates
of equilibrium catch at fishing intensities muéh different from the current one
becomes increésingly poor. This has been recognized by some authors.

Ricker (1944) points out that the assumption that certain of the rates remain
constant when the fishing effort changes do not correspond to reality, so that
such calculations cannot be valid over a very large range of population sizes.
Parrish and Jones (l953)‘say, "Of course, these curves are not valid over their
whole range,vsince 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 Zibwer Tishing intensitg7 are probably over
estimates". ' ‘

96.  Since recruitment must decrease, also, at very low levels of population,
the values computed for very high fishing rates are, doubtless, also over-
restimates.

97. Beverton (1953) notes that "... the model can establish the wain 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.reéuired and

- of its probable effects; it is necessary to take other factors into aécount.

of pérticular 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...”. 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 rate. ‘ ' |

- 98. - In determining the average values of récruitmcnt, growth, and patural

- mortality, fisheries séientists normally émploy data from the cateh and from
tagging experiments over a series of years. It is implicitly assumed that any
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environmenfal influences behave as random variablea, which will average out over
the series. Thls, as in the investigations at level I, is a possible source of
error, if in truth there is a non-random trend of such factors. The measurement
of the elemental rates, however, makes it easier to detect such environmental |
effects than the simple consideration of the catch-statistical data alone.

99. Calculations disregarding age~Specifici£y of natural mortality, and
 disregarding density effects on recruitment, growth, and natural mortality;\3‘
limit the usefulness.of the calculations to fishing‘intensities and population
sizes near td those for which the raﬁes’have been ueasured. It is desirable,
therefore, that, where possible,’ﬁhe changes of natural mortality with ageé;

and the denéity.effects on all three factors be determined and incorporated into
the calculations. = The age-speclflc mortality rates can be calculated from '
sufficiently deoalled samples of age composition in several successive years.
The determlnatlon of density effects, however, requires determination of rates
at different populatlon densities, which 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‘resulging from respités from fishing during the major wars offer one sort
of opportunity for such detefminations. Lacking this, as a practical vrocedu“e,:
it is probably necessary to proceed step-wiue with. management regulations,
approaching the pondltion of maximumn sustainable yield‘by a seriles of successive

changes in revuiations.
b, Investiﬁatlono at level III

100. Investigations at levels I and 1T give, prlmarily, 1nformatlon for o
controlling the fishery so as to glve the greatest sustainable yield under
average environmental conditions, and the methodoiogy of investigatioh,treats
variationé of such conditions as random variables t0 be eliminated by suitable
statistical procedures. Our undérétanding of the dynamics of the fishery will,
cbviously, be more precise, and therefore, more useful to effective, conservatlon
action, 1f we understand and measure the effects of the environment on the

: populat;on.and catch, along the lines indicated in an earller section. - Such
Inowledge will also make it'pbssible to establish a regulation of the fishery
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under which the hérvest would be increased duriﬁg 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.

101. . The necessary guantitative knowledge 6f the influence of variations of
elements of the physical-environment on the fish Stqcks is nof available for such
idesl mapagement of any of the sea fisheries, but is the ideal which fisheries
research should hope to attaiﬁ.eventually. This must involve; however,
measurements of ali important factors in the ecological system, as shown
schematically on our diegram., We muéi measuré Quahtitatively,the direct effects
of the physical enviromment on recfuitment, growth, mortality, and aVailability i
of the stock to the fishery. Vle must also measure the indirect effeétg through

the modification of the food supply and the living space. Since a population

of a given fish species is a part of an ecological systenm including populations
of other species which compete with it, or prey upon it, the environmental
effects on such other popwlations will affect the survival and growth of the
population of the spécies harvested by man. Finally, in some instances, the

fishery may destroy members of competing and predatory fish populations, either

because they are of commercial value, or because they are captured and killed

incidentally, even 1f not landed. The study of ‘the effects of fishing on
predators and competitors ‘is, thué, an important kind of investigation in such
circuﬁstanées.,' o | : ’
102, .Since the ecological system is exceedingly complex, the investigations at
level III’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-investigatioqs of the sardines and related
pelagic species off California, are perhaps two of the best examples of progress
along this line, ‘.In.béth of these cases a great deal has béen.learned, serving
partly to show how much more needs to be found out. The information developed
by investigations at this level are; however, of use in the conservatibn.programme
even though they may be‘incomplete. “Partial information of the relationships
indicated at level III is of value to the analyses at levels I and IL.
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F. Relationships to other species being exploited simultaneously

103. Very often a fishery does not aepend on a single species of fish, but is
supported by tvo or more specles which ére captured in the same areas at the

same seasons, sometimes even.being'taken simultanebusly from shoals composed of
a mixtgre of species. For exauple, trawl fisheries commonly 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. . o - '

10%. In such circumstances it would, of course, be desirable to maximize the
sustainable catch of each of the sbeciés. Whether this is capable of »
attaimment will depend upon the effects of a given amount of fishinb on the

stock and yleld of each spec1es, and upon whether species selectivity can, in
fact, be praCuised in the fishery.

105. Pirst of all it is desirable to deéermine the effects of fishing on the
stock and yield of each species, and its current status in relation to the
maximum equiliﬁrium catch. If, as may often occur, some specles are being
underfished while others are overfished, it will be desirable to curtail>fishing ‘
on the overfished species, while allowing it to increase in those that are
underfished, if this be possible. ‘ ’ -

106. The possibility of selective. control will depend on the biology and
behaviour of the several specles. Investigation may show that the different
species are differently distributed by area or time, and the patﬁern.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 operatioh. "It
nay also happen that gear modifications (such as. regulation of mesh-size of '
trawls) will make possible the selective escapement of cne species.

107. Where it is not possible, on these or other bases, to fish selectively,

it will, in general, still be possible to control the flshing to obtaln the
maximum sustainable aggregate catch of all the opecies. Beverton (1955) 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
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to be obtalned, although this combination of fishing 1ntensity and mesh size mlght
not be. eumetric for any one of those species alone". . '

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

_ the economic aspects of the fishery. Vhere several species are caught

-éimultaneously,;and they have quite different values in the market, it may be
desirable to manage the fishery so as to obtain'somewhat less then the maximum
sustainable aggregate catch in order to securec a more desirable species
composition. The sawme types of bioiogical information are, however, required |
for both purposes =~ -in either case the nccessary conservatlon measures must be

based on scientific knowledge of the dynamics of the fish populations concerned.

* . PARTII
© TYPES OF CONSERVATION MEASURES APFLICABLE IN A CONSERVATTON PROGRAIME

109. Vhen scientific investigations, 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 regulatdry measures
may be put into effect. ‘The kind of regu;ations imposed will depend on the
effects vhich it is desired to obtain,- the nature of the fish population, the
characteristics of the fishery, and economic and social Tactors pertinent to the -
partlcular circumstances.

A. Control of level of Tfishing intensity to obtain maximun averagq

sustainable catch

110. Then the investigations have shown that there exists, or is imminent, a
condition of overfishing (i.e. an intensity of fishing such that the sustainable
catch 1s less than it would be at a lower intensity), the sustainable catch may ‘
be increased by curtalllng the amount of flshing. . This may be accomplished in
several ways. | | o

111, The most straightforward method is directly to 1imit the amount of fishing
effort employed in the fishery.. Thls,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
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of fishing gear per person or vessel. Limiting the number of persons or vessels
which can fish has the effect of glving a property right to those who are
pernitted to fish, which is contrery to public policy in many countries.

Limiting the total fishing intensity by regulating the amount of flshing of each
person who wishes to engage in the fishery has the same effect on the fish .
population and the catch, but has the possible‘disadvantage that total cost of -
harvesting the yield is greater, so that the net economic yield is less. ‘
112, Adninistratively, it 1s usually easier to limit {the amount of fish which |
are permitted to be,caught and landed than to limit the amount of fishing effort
directly. Limitation on fishing intensity is, therefore, often obtained
indirectly by means of quotas, or liumits, on the permitted landings. This
technique has'been employed SUéCESu:UllJ 1n the Pacific halibut fishery, among
others., VWhere a single annual quota is nmposed for a given geographical revion,
as the abundance of fish is rebuilt, the permitted catch will be obtained in a
ghorter and shorter time, so that the fishery will tend to be concentrated in a
short season. If, within the region there are several sub=-populations which
become available to the Tishery at different times of the yegr,‘this results in
the fishery bearing on them unequally. Such a condition is apparently the case
for the Pacific halibut (Dunlop and Bell 1952). In this event, it becomes. o
necessary to establish separate catch quotas for different time intefvals in ‘
order to obtain full utilization of all the sub-populations. The Pacific salmon
offer other examples of resources which are composed of several populations,‘ |
which are available to capture at different times in the same,fishiﬁg area,'and
Tor which limitations on permitted catch need to be applied separately to
diffefenﬁ time periods to obtain the desired fishing intensity on each of the
several populations.

113, Limitation on fishing intensity is, also, often obtained by establishing
closed seasons during which no fishing is permitted, usually choosing those
seasons vhen the fish are most amenable to capture. This seems, of course, to
be etonomically inefficient. o

114. A similar type of indirect limifation on fishing intensity may be obtained
by closing to fishing cértain.areas where Tish are most amenable to capture.
Where closed areas hgve the sole object of curtailing fishing intensity,Aand not
of protecting certain classes of Tish, this type of control may, again, be
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less economlcallJ desirable than Ouhers, if the areas chosen are those where fish
are partlcularly amenable to capture, A

115. A nopular method of controlling inten51ty of fishlng without becoming
involved in limiting the number. of persons engaged in fishing, or establishing
direct catcn limitations, is to employ regulations to limit uhe efficiency of the
fishing gear. 4 This may involve complete prohlbltion of certain kinds of gear;
prohlbltlon of the use of ancilllary equipment, such as electronic devices for
locatlng fish shoals, or the addition OL power to sailing eraft; limits on the
size of vessels perml thed to engage in the flshery or llmluatlons on the fiohlng
gear itself, such as llmlts on the lengths of 5ill-nets or purse seiner or’ 
llmlts on the maximum breadth of travl nets,

B.  Protection of fish the conservation of which will result in greater
average catch or nore d551rable quality

116. As has been noted in Part I, the total sustainable yleld from a Tish
population.may be increased by permitting the fish to remain‘inrthe sea as long
as the increase in,weight'by growth exceeds the loss in weight by natural deaths.
Harvesting fish at 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:

117. Regulation of fishing gear to permit differential capture of specified

- sizes of fish is a practical method in fisheries employing gill néts; trawl nets,
- and similar gear, since regulating.the size of mesh of the nets allows fishes

below specified sizes to-escape capture. This type of regulation is being used,
for example, in the trawl fisheries of the North Sea and of certain parts of the

. Northwest Atlantic.

118. It is ‘also practical in some instances simply to prohibit the landing of
Tish belov a specified size., For this to be ‘practicable, the nature of the fish
and the fishing method must be such that (a) the fishermen can avoid capturing
the small fish, or {b) the small fish can be returned to the sea after capture-
without resulting in a large percentage of deaths.
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119. Where the small fish océur in,different‘geographicai areas (often called
"nursery" grounds) than the large fish, the-small fish may be protected from
capture by closing such areas to all fishing.

120. It may happen that, within the area where fish are availa%le to the fishing.
gear, small Tish occur in certain seasons of the year and large fish at othérs‘
In such cases, closure of the fishery during the season when the small fish
predoninate is an effective means of achieving this kind of control. - |

c. Differential harvesting of sexes

121. 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 réguirements for reproduction.. In
this‘event, the fishery may be managed so as to fish one sex more intensely than
the other, by taking advantage of differential distribution, behaviour; or
morphology of sexes. - ) ' .
122, It may also happen, conversely, that the unreéulated Tishery bears unequally
on different sexes, disturbing the normal sex ratio  necessary fof_effiéientv ‘

" reproduction. ~ In this case regulations to correct the imbalance are in order.
\125. The only example which comes readily to mind of this sort of thing is the -
sockeye salmon. For some populations of this species in Maska, it has been
indicated (Pacific Fisherman 1950) that there is a normal surplué of males, and
that these may be differentially captured by regulation of the sizes of mesh of

4 gill nets used to catch them. It has been shown, likewise, that the gill net
fishery for Fraser River sockeye salmon (Peterson‘i95h) is selective toward the
males, the degree bf selection being related to the mesh_size of the neté; here
it has not been indicated whether or not this is desirable.

D. Régulations designed to ensure adegquate recruitment

124, Regulaﬁory measufes are frequently employved with the object of ensuring

that the recruitment to the fishable stock is maintained. '

125. TFor some populations, of which, again, the Pacific salmon offer a ready

example, 1t has been indicated by research that there is an optimum size of the

spawvning population which will produce the maximum resulting harvést, so that

regulation takes the form of restricticns on fishing to permit the optimum number
, of fish to "escape" to the spawning grounds. This type of regulation, depending
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upon. the felationship between spawning stock and resulting recruitment being.
the predominately important factor determining the rate of natural increase,
has little application,to most purely marine populations.

126, Minimum size at first‘cépture, obtained by any one‘bfvthe means mentioned
in (B) above, chosen so as to minimize the capture of sexually immature fish, -
has been. Justlfled on the basis thau s0 long as the flbh are given maximum
opportunity to spawn at least once, adequaue recruitment will be assured.

127. Protection of young fish by closure of ' nhrsery areas is also sometimes
considered to be a means of assuring increased recruitment to the stock of adult
fiéh,'quite'aside from the augmented weight of catch to be obtained by allowing
the small fish to gain additional welght by the excess of growth over natural

' mortality, when sich exists.

128, Protectionof adult, spawning fish, by prohibition of fishing‘innspawning

~areas or during spawning 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 widespread belief in the effectiveness of

this type of regulation probably arises froia presumed analogy with the

 conservation of various land animals which care for their young during a.

rotracted time, and the protection of which, therefore, is necessary to the
P ) ) ]

survival of their young. Since the majority of commerically important fishes.

© give their young little or no post-natal care, reiralning from catching them

during the spawning seaqon will produce but few more progeny than.refralnlng

from catching an equal number some months earlier. The only net increase will

. be due to the spawners having survived a certain natural mortalluy in the

intervening period. IT the stock is equally accesulble to caOuure durlng

" both periods (i.e., if a unit of Tishing erlfort catches the same percentage of

the existing total adult-stock during-the spawning period and durlnc the non-

" spawning perlod), there will be no gain at all in eggs produced, from applying

' the same Tishing effort during the ron-spawning period rather than the spavning

period, because the percentge of the initial stoclk surviving to spawning will

be exactly the same, whatever the time at which the fishery is applied.
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SURMARY
“1l. - The living resources of the sea renew themselves and may therefore be used

continually without being destroyed. It has been found, however, that unwise
use of these resources lowers the long-term benefits which might be derived from
them, and conservation consists in controlling their use so as to maintain man's
benefits at the highest sustainable level., In geﬂéral, it is considered most

| desirable to obtain the largest catch possible of the commercial sizes, although
in some ihstances this objective has to be modifiéd by economic and other
considerations. ' | B
24 The purpose of scientific inVestigation?of‘fisheries is to provide
information on the basis of which man can control his predation on the fish
populations l/constituting his commercial resources so as to get the largest
sustainable catch or otherwise to increase hié benefits from the resource above
those which would be obtainable without control., This requires determination
of the effects of fishing on the abundance and cbmpbsitidn of the fish popu-
lations and on the resulting quantity and quality of the catch, Various kinds
of scientific information are needed for this purpose. '
3. In planning or conducting investigations prior to establishing a
conservation programme, and also in carrying it out, one must first determine the
extent to which any one kind of fish constituting a commercial resource is
separated into independent or semi-independent populations because the population
is the fundamental unit for conservation management .
L. = There is need to determine the geographical ranges of the populations
because both investigations and conservation msasufes need to extend over

. the whole sea area occupied by’the populations to be conserved, and these
areas will differ for different resources. , The size of the 2standing crop' - |

the average quantity in the sea of fish of commercial sizes ~ and its

. 1/ A "population" of organisms is defined in the body of the paper as a
homogeneous group of members of the same species, which interbreed freely
among themselves, and which occupy a continuous enviromment, and so are
able freely to intermix and thus maintain their homogeneity.
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‘productivity,iin relation to the amount beihg currently harvestéd, provides a
basis for judging whether or not COnservatién measures are needed.

2+ Changes in the abundance and composition of a population, and in the cateh, “
are caused not only by the smount of fishing, but also by variations in the
Physical and biological environment. In order fully to ﬁnders;and the manner

in which these changes, whether‘connected.with'fishing activities or not, are |
produced, it is desirable to investigate in detéil the interrelaiionships of the
several biological and ecological factors whlch determine the standing crop and
yield of a population under exploxtatlon by man. These interrelationships are
shown schematically in Figure 1. |

6. UWhen the amount of flSh removed from a populatlon by fishing is equal to
the rate of natural,lncrease of the population, the population will remain
‘unchanged, and the catch under such cifcumstances may be called the equilibrium
catch. An equilibrium condition may be establishgd for any population size
between maximum sbundance, when there is no fishery, and aA"threshola"'(minimum)
abundance below which the group could not survive. Thefe will be some Jevel of
fishing 1ntenu1ty, and a corresponding level of population, for which the
equilibrium catch is at a maximum. The basic problem of fishery conservation

is to determine the condition of the fishery correspohding to the maximum \‘
equilibrium eatch, and to find out how the current condition compares with it. |

T+ This problem may be studied at three different levels, of increasing
complexity but permitting increasingly precige conservation management. At the
first level, we determine, on the basis cof historical observations covering
different degrees of fishing intensity, the average relationships between fishing
intensity, size of population and siée'of catch, treating the effects of
-environmental factors unconnected with the existence of a fishery as random
variables. " At the second level, we measure separateiy the three components
(reproduction, growth, and natural mortality) of the rate of natural increase,
and how each of them is related to the abundance and composition of the population.
At the third level, we seek to obtain full knowledge of the effects of all

A
'

1
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"l.  The living resources of the sea renew themselves and may therefore be used

continually without being destroyed. It has been found, however, that unwise
use of these resources lowers the lohg—term benefits which might be derived from
them, and conservation consists in controlling thelr use so as to maintain man's

~ benefits at the hlghest sustainable level, 1In general, it is considered most
desirable to obtain the largest catch possible of the commercial sizes, although
in some ihstances this objective has to be modified by economic and other
considerations. / ' | L |

2, The purpose of scientific inVestigation?of\fisheries'is to provide»
information on the basis of which man can control his predation on the fish
populations l/constituting his commercial resources so as to get the largest’
sustainable catch or otherwise to increase hie benefits from the resource above
those which would be obtainable without control. This requires determination
of the effects of fishing on the abundance and comp051t10n of the fish popu~ ‘
lations and on the resulting quantity and quality of the catch, Various kinds .
of scientific information are needed for this purpose. '

3. In planning or conducting investigations prior to establishing a
conservation programme, and also in carrying it out, one must first determine the
extent to which any one kind of fish constituting a commercial resource is
separated into independent or semi-independent populations because the population
is the fundamental unit for conservation management . )

L. = There is need to determine the geographical ranges of the populations
because both investigations and conservation measufes need to extend over

" the whole sea area occupied by/the populations to be conserved, and these-

areas will differ for different resources, The size of the !standing crop" -

the average quantity in the sea of fish of commercial sizes - and its

: ;/ A "population" of organisms is defined in the body of the paper as a
homogeneous group of members of the same species, which interbreed freely
among themselves, and which occupy a continuous enviromment, and so are
able freely to intermix and thus maintain their homogeneity.
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‘productivity,'in relation to the amount beihg currently harvestéd, provides a
basis for Judging whether or not conservation measures are needed.

o+ Changes in the abundance and composition of a population, and in the catch,
are caused not only by the amount of fishing, but also by variations in the
Physical and biological environment. In order fully to ﬁnders;and the manner
in which these changes, whether'connected.with fishing activities or not, are
produced, it is desirable to 1nvestlgate 1n detall the 1nterrelatlonships of the
several biological and ecological factors whlch determine the standing crop and
yield of a population under explo;tatlon by man. These interrelationships are
shown schematically in Figure l. o

6. VWhen the amount of fish removed from a populatioo by fishing is equal to
the rate of natural increase of the population, the population will remain
‘unchanged, and the catch under such ciicumstances may be called the equilibrium '
catch.,  An equilibrium condition may be established for any population size
between maximum abundance,‘when-there is no fishery, and a "threshold" (minimum)
abundance below which the grovp could not survive. Thefe will be some level of
fishing 1ntenoity, and a corresponding level of population, for which the
equilibrium cateh is at a maximum. The basic problem of fishery conservation
is to determine the condition of the fishery correspohding to the maximum _ »
equilibrium catch, and to find out how the current condition compares with it.

T.  This problem may be studied at three different levels, of increasing
complexity but permitting increasingly precise conservation management. At the
first level, we determine, on the basis of historical cbservations covering
different degrees of fishing intensity, the average relationships between fishing
intensity, size of population and size of catch, treating the effects of
environmental factors unconnected with the existence of a fishery as random
variables. = At the second level, We measure separately the three components
(reproductlon, growth, and natural mortality) of the rate of natural increase,

and how each of them is related to the abundance and composition of the population.

At the third level, we seek to obtain full 'knowledge of the effects of all
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important,envirohmental factors, both physical and biological. Useful
conservation measures can be worked cut on the basis of the less complex
investigations, with increasing precisién of control as knowledgé at the other
levels is developed. - N
8. For those fisheries which simultaneously fish members of several species,
it may be possible to maximize the sustainable yield of each independently, or
it may only be possible to maximize the aggregate catch of the several species,
depending on whether their biology and behaviour iééuch as to permit selective
fishing. S - | B
Q. Management'measures vhich ﬁay be epplied in a conservation programme are of
severél general kinds: ' N
' a. neasures for the direct or indirect control of fishing intensity

so a5 to obtain the maximum equilibrium'cdtch; ,

b+ protection of particular classes of fish, the conservation of

which will result in greater average catch or more desirable quality;

c. measures designed to assure adegquate recruitment, and

ds differential harvesting of sexes to achieve a desirable sex

retic in the spawning population.

For each of these, there are a number of procedures available, which are
'discussedr

-----
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