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PART I 

TYPES OF SCIENTIFIC INFORMATION REQUIRED FOR A FISHERY CONSERVATION PROGRAMME 

A. Introduction 

1. The natural resources upon which mankind depends are of two kinds. In one 

category are the resources, such as mineral deposits ·and fossil fuels, of each 

of which there is only· a fi;:ed amount on this planet. The amounts of such 

The conservation of j resources are irreversibly diminished by exploitation, 

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. 

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

resotu·ces may be exploited by man without reducing their maximum usefulness in 

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

to refrain from using them, but only to use them .. in such·a·fashion that they 

remain capable of continuing to yield maximum benefits to man in the future. 

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

ex~mples. 

3, Populations of fishes, and other organisms, tend to re~.a.in 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, otherwise the 

latter would become extinct. When, however, the percentage rate of loss is 

increased, by whatever means, the percentage rate of accession to the population 

changes, also, so that the population again comes into balance. It is the 

resiliencx of a population of organisms, its ability to compensate for increased 

mortality, which makes it :possible to survive increases in the populations of 

its predators. This same phenomenon is the biological basis ?f fisheries since, 

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

rate. It is the compensatory reaction of the fish population to the mortality 

produced by fishing which makes a fishery possible, so that the population comes 

into balance under the environmental conditions which include this predation 

by man.. It is theoretically possible to u.wose so much fishing on a population 
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as to drive it down below the level at which such compensatory reaction ci;m bring 

it into balance again - to drive it below · its threshold. level for survival. 
. ' 

I know, however, of no instance where this . has been accomplished in a purely 

marine fishery. It appears that the threshold level is almost always well 

below the population level to which it is economically possible to fish. · We 

may, I think, agree that for nearly all populations of organislllS in the sea we 

need not be concerned with protecting them against being driven to such low levels 

that they can n~ver recover. The question is,, rather, from OJ!+Ong the wide range 
. . 

. of fishing intensities between zero and the maximum that is economically , 
... . ' 

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. 
! 

!i.. A conservation progrannne consists,. then, in controlling man's predation in 

such a · fa,sh~on as to maintain man's benefit from the resources continually at 

·the highest sustainable level. 

5. It is, in general, considered desirable to 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, however, be subject to 

. modification in some degree in particular fisheries. One of the results of 

increased fishing intensity is the decreased average age and size of the 

individuals of the fish population, so that an increased total catch is , 

accompanied by a greater.share of smaller fish. Since different sizes of. fish 

are, in some fisheries, not equally desirable in the marlcet, a compromise must be 

reached between maximum total poundage and the most desirable size .composition 

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

sizes of fish captured independently of the intensity of fishing, but.in 1 others 

this is not practicable, in which case changes in the quality of the catch go 

hand-in-hand with changes in the level of the average total catch. 

6. Other econoirJ.c cons1derations must also sometimes be.taken into account. 

,mere, as in, the case 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 relative desirability of such uses needs to be · considered. Further, it is not 

. alw~ys .considered desirable to maximize the sustainable total yield, regardless of 



A/CONF.10/L~l _ 
English 
Page 6 

the effort expended in making the harvest. In some cases, economy of fishing 

effort may be cf at least temporary importance, even though the total yield is· _ 

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

most desirable to maximize the net economic yield. 

7. The function of scientific investigation, in relation to the problems of 

fishery conservation, is to provide the factual information on the basis of 

which roan can control or modify his predation on the populations constituting 

the fishery resource s_o as to r.ia.ximize the harvest, both with respect to quantity 

and quality, or otheri·Tise . control the harvesting to desirable ends. · This 

involves the determination of the effects of man1 s predation on the abundance 

and composition of the populations 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 the activities of the fishennen so as to produce desired 

changes in the fish populations a~d in the catch. 

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

-principal complicating factors is that the changes in man's predation.are not 

the only causes of changes iri the fish populations. Variations in the fish's 
-natural environment 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 r_each a correct estimate of the effects of fishing· alone. 

9 • . The factors detennining the standing crop and harvest of a fish population 

under eA'Ploitation by man, and their interrelationships, have been diagrammed on 

the accompanying chart, Figure 1.Y It may be seen that we are -concerned with 
' 

the mutual interactions of a considerable 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 perfect understanding. 

See bibliography (page 4 0 ff.) fo; this and subsequent references. 
I 

See Figure 1 at the conclusion of this document. 
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10 • As indicated in the diagram, and as uill be developed in more detail below, 

we may consider the understanding of a fishery and the ability to manage it 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 ( which may be taken as the harvest on a continuing basis) • This 

treats all the environr1ental 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 wh~ther a 
' ' 

greater average harvest may be obtained by restrictions on fishing., _and so to 

indicate when conservation management is required. 

11. At the second level, we undertalte to measure separately the three components 

(reproduction, growth, and natural mortality) which determine the rate of 

natural increase, and how each of these is related to the abundance and age 

composition of the pop11lation. This provides an improved understanding of the 

fundamental nature of the fish population, and so makes 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 environmental 

conditions. 

12. Finally, at the third level, we ·shall obtain a full . understanding of the 

environmental 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 .for any of our fisheries, but is an 

\,lJ.timate goal of fishery science. 

B. The extent .of separation into independent populations 

13. One of the important aspects of a .fishery res9urce is the natural biological , 

units into which it is divided. Characteristically, a species of animals is 

constituted of groups of lower taxonomic order, which are the basic units from 

the standpoint of conservation. These basic units are not always capable of 

clear definition, since the extent of separation into such units is not always 

clear in the species itself. However, these units, which we refer to here as 

populations, or stocks, have certain properties by which .they :inay be 
. 

characterized. · 
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14. A population of . organisms is a homogeneous group of members of th~ same 

species, which interbreed freely among themselves, and which occupy a continuous 

environment, and so are able freely to intermix and thus maintain their 

homogeneity. As ·a result of inbreeding, the members of the population are 

genetically more simila1· to each other than to members of other populations of 

the same species. Since there is this high d~gree of genetic similarity, and 

since the population lives in a continuous environment, which is often to some 

degree different froni that of other populations, there commonly occur anatomical 

differences of either genotypic or phenotypic origin by means of which the 

membe:rs of the population may be · identified. 

15. These divisions of a species· into populations are not always complete and 

clear cut. It freq_uently happens that there are biological barriers (regions 

not suitable for the . existence of the members of the species) geographica,lly 

separating regions of suitable environment. The members of the species within 

one such region are clearly inde'pendent of those of other regions. Within such 

a region, however, there often exist :populations of the same species which are 

only partially independent, since, although they tend to interrr.ix and-interbreed 

with the other members of their own population, they do intermix and interbreed 

to a greater or leGser extent with . members of other populations. In such a 

situation the populations are oriJ.y 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 a unit to changes in population magnitude, whether induced by natural 

causes or by fishing. To the extent that the population is independent of other 

populations, therefore, its responses to eA'l)loitation 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 

dynamics is the population. 

18. Conservation measures will be most efficient 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, or because it is not 

always feasible; in practice, to regulate each of many populations separately, 

particularly if _ they are 'not very discrete in_ t :.1eir distribution in space or time. 

In these circumstances, an aggr ecation of populat ion units may be successfully 

·treated as a ~rvat ion management unit. i An example of such a situation is · 

offered by the North Pacific halibut (Hippoglossus stenolepis) • The members_ of 

this species along the American. coast to the north and west of Cape Spencer were 

shmm' by the scientists of the International Fisheries Commission ··to be distinct 

from the stocks to the .south of Cape Sp~ncer, an.d successful management regulations 

were established, based on. this geographical division. Subsequen.tly, it has been 

discovered that, within each region, there are sub-populations whicli appear on ' the 

fishing banks at different times of year, .arid improved harvesting of the . resource 

has begun, based on. this improved knowledge of the population. structure. (Dunlop . 

and Bell 1952). 

19. In the case of the Pacific salmons of the genus Onchorynchus, which _ spawn in 

rivers and streams, the fish tend to return for spawping to the streams in which 

, they were born, thus to each_ stream corresponds a population. 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 fishery along the American coast takes 

place on the adults as they return toward their spa,ming rivers, and it has been. 

found that in pOme cases different po_pulation.s pass through the fishery at1 · 

different tinies, making it possible to control the amount of fishing on separate 

populations. 

20, For the most eff ective management of a resource, we need to know, in as much 

detail as possible, and f'or a number of reasons, the populations into which it is 

. separated, and also the distribution of t hese populations in. ·space and in. time. 

We n.eed to be_ able to refer the catches obtained by the fishermen to the 

populations from which they are tal-:en. In attempting to elucidate, the effects 

.of various physicaJ. and biolo3ical environmental factors on the size and quality 

of the populations, we need to be able to collect per~inent data on the geographical 
' location of the populations at vQ,rious stages of their lives. The important 

investigations of -the life history an.d ecology of the fishes, which will be 

discussed subsequently, _need to be related to particular populations. Finally, 
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in order to obtain the maximum harvest ' from the resource, management measures need 

to be applied, as far as pract:l.cable, to the separate populations, so as to 

,maximize the harvest fro,;.1 each of them. 

' < 

c. The geographical .ranges and magnitudes of the populations 
constituting the resource 

21. As has been pointed out above, the basic unit for conservation management. is 

the population.. A fishery fpr a . given species may depend on several populations, 

which are in.dependently affected by man's predation., and may also be independently . 

affected by other (environmental} factors. The quantitative scientific 

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 constituting the resource. 

22. We neecl to know, first of all, the geographical range of the resource, 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 investigations. This is of great 

practical importance in determining the requirements of ships, men, an.d 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; ana.. in the detailed planning and 

execution. of the research. This kind of knowledge becomes equally important, of 

course, in determining over what area of.jurisdiction regulations need to be 

applied to control man.1 s predation on. the resource effectively in order to reap 

the maximum sustainable harvest. It must be understood that both the scientific 

investigations and the subsequent management measures need to be extended over 

. whatever area of the sea corresponds to the range of the populations in q_uestion. 

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

the commercial fisheries are not co-extensive, it will, in general, be found that 

the jurisdictional areas must differ for different fisheries. 

23. The situation. in the Horth 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 Coast extends northward and westward from California along 

the · coas'ts of •the United States, Briti'sh Columbia, and Alaska, out along the 

Aleutian. Islands and into the Bering Sea. There is, appa.rently I no intermixing 

with the halibut populations on the Asiatic side in the vicinity of Hokkaido an.d 

the Kurile Islands. Investigation and management of the American halibut fishery 

involves, therefore, only an area of jurisdiction. off the coasts of the 

United States, British Columbia, and Alaska. On, the other hand, tlie severaJ. 

species of Pacific salmon, spawning in streams on the American. continent, range 
. ' . 

far offshore from their home streams, just how far not being kn.own at present, 

. and presumably intermingle in. the offshore feeding areas witp. members of 

populations of Asiatic origin.. Even more far-ranging are the albacore tuna of 

the North Pacific. Recent studies izI.dicate that some of the fish subject to 

capture along the United States west coast migrate completely across the ocean. to 

Japanese waters, an.dare fished.in mid-ocean. and in. the coastal waters of Japan. 

Competent investigation and management of this resource will, of necessity, cover 

the entire North · Pacific Ocean .• 

24. It is,· of course, of the utmost importance to determine the· magnitudes of 

the populati'ons constituting the resource, in relation to the amount being 

harvested, in order to determine whether or not the current rate of fishing is 

large or small, and thus to ha.ve a basis of judging whether any conservation 

action. is required. Where the degree of predation 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. 

vfuere, on the contrary, the rate of fishing is high, it becomes ir.iportant to ·. 

proceed further to determine whether it may have exceeded or be about to exceed 

th~ ·fishing intensity corresponding to the. maximum sustainable yield. 

25 ~ It is important to note the distinction. between the magnitude of the standing 

crop of cqmmerciaJ. sizes of fish - that is, the totaJ. amount of fish of comr.iercial 

sizes in tJ.e sea at any time - and the product~vity of the population - that is, 

the amount which can be harvested on a susts,inable basis. "Productivity" as used 

here is eg_uivalent to the "rate of natural increase of populatio:t:i" on the diagram 

{Figure .1), and also to the t~rm "equilibrium 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 no fishing, and for which the _productivity, in the 

sense employed here, is zero. When a fishery is first.applied, the standing cro1:, 

on the average, decreases and the productivity increases. With in.creasing 

intensity of the fishery, the p:r:oductivity increases for a time as the standing 

crop decreases. Eventually a :point is reac:hed1 at some in.termediate level of 
' fishing intensity, where th~ productivity is maximum, _after which ,it falls off 

with increasing intensity of fishing. 

26. The relationship✓ between size of standing crop and rate of natural increase, 

or productivity, is different for different kin.ds of. organisms. . Some sp~cies, 

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

lived and slow growing and have a low fecundity, 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 example, the tropical anchovy 

(Cetengraulis mysticetus) used for tuna-bait in the Eastern: Tropical 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 stan.ding crop. 
' 27. In considering the 11magnitude 11 of the populations constituting the resource 

we are concerned both with the size of the stan.ding crop and the productivity. · 

As will be discussed further 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 abun.dan.ce (size of stan.ding 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 o_f 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 provide a factual basis 

for effective conservation action, if such action is foun.d to be req:uired. Since 

changes in the size and composition of the population, and of the -catch, are 
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caused not only by the amoun.t of fishing, but also by variations in various 

features of the phy,sical and biological environment, it is desirable to· obtain. 

some understanding of all. of the causes of changes in the population an.din the 

catch, and _of the manner in. ~hich such change~ are produced. This should enable 

us to arrive at estimates of the effects of exploita:tion on. the resource, and to 

determin.e what changes in the · fish populations are~ due to exploitation. 

29. Research on these matters requires study of a number of aspects of the . 

biology, ecology, and behaviour of the fish c_onstituting the resource. I have 

attempted in Figure 1 to construct .a diagram indicating the interrelationships of 

factors which determine the standing crop ao.d yield of a population. under 

exploitation by man .• To each of the several factors in.d.icated on this d.iagram 

correspond categories of ini'ormation. ·which must be knoWlJ in order to determine 

their interrelationships on. a quan.titati ve basis. _ This method . of categorizing 

the information. required may serve as a basis of more detailed discussion of the 

pertinent biological facts. 

l. Facts respecting the composition of the population and the catch 

30. The yield of a fishery ?,t any time is dependent on (a) t _he magnitude and ·· 

composition of the population. of fish of commercial sizes (which is also called 

the "stock"), (b) the intensity of fishing (quantity of fishing effort employed), 

and (c) the availability of the fish to the fishermen (Le. the relative share 

of the -stock which can be captured by an average unit of fishing effort). 

31. It is obviously important ' to o~tain, on a continuing basis, measurements of 

the amoun.t of fishing effort employed, the magnitud.e of the catch, and the 

magnitude (at least the relative magnitude) of the stock. 

32. It has also been found b~r fisheries scientists that it is of very great value , 

to determine, on a continuing basis, the size an.d age composition, an.d 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 composition., since, b~ increasing 
•. 

the mortality rate, the longevity, and, therefore, the. average age and size 

of th'e fish in the stock, are reduced. 

(b) Continuing data' on the ag~ and size composit:;.on 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 (relative. magnitude of year classes·entering the stock). 

(c) EvidE:nce of fishery-independent changes in.· the stock due to variable 

success of reproduction is obtainable from the variation. in. year-class 

.strength - the occurrence of the so-called 11dot1inant" year classes. 

35. The composition. of the stock is usually inferred from the composition. of the 

catch by :theapplication -of ancilliary information as to the in.tensity of fishing, 

and as to the selecti;vity ·of fishing, by size, age, and sex, which may be due to 

· the selective action of the, type of. fishing gear used, the differential 

distribution of the fish on. the fishing grouna.s, or 9ther "availability" factors. 

2. Facts· respccting:the availability of the fish to the fishermen. 

34. In order to infer the magnitude and composition of the stock from the - . ' . ' ' . 

suc~ess of fishing (catch per unit of fishing effort) and the composition of the 

catch, one must apply adjustments for variations in the "availability" of diffe~ent 

· categories of fish to the fish:i.ng effort. "Availabili~y" is employed her~, as by 

Marr ( 1951) 1 to me.an. the degree ( in percentage terms) to which a group of fish is 

accessible to the efforts of the fishery. It is well kn.own that avai-lability 

varies from time to time, place to place, an.d among different components of the 

population.. . Various statistical devices' may be employed to discount the effects · 

of availability in _the absence of sufficient i.nf'ormation to· ·~pply corre~tion 

factors. T'nis, however; causes a loss of precision in the results, and it is 

therefore .of value to obtain knowledge of those facts respecting the biology and 

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

35. The avs.ilability of the _fish is dependent to an important -degree on the · 

geographknl rlistribution of the fish with relation to the location of the fishery. 

It is, therc:!.'o:r.e, important to determine the seasonal changes in distribution: due 

to migration • .. . Such riligra.tions often differ for different age, -size· and ~ex 

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

coast for exaraple, the larger and older ffoh perform extensive feeding migrations 

northward from the . spawning centres off California, while the smaller and younger 

fish do not. VJS.ny species of fish _perform migrations to particular areas during 

their spawn.inB season, so that the sexually maturing adults are removed from the 

fishing area (as in the case of the Pacific sardine), or come in.to it (as in. the · 

I 
. I 
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Some kinds of fish do not perform any large 

migrations causing major shifts in the geographic distribution of the population, 

but they do move about to a greater or lesser degree in a "ran.don" manner, in 

search of food, or for other purposes~ The •immature halibut of the southern 

fishing grounds off'. Canada and the United Sta·tes of fer one example of this sort 

of move:nent (Thompson. and Herrington 1930). . In. such c_ases 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 

example, occur near the surface of the sea and are thus accessible to capture by 

surface-fishing methods, while the larger sizes occur to a lesser extent near 

the surface and are found at depths down to at least 80 fathoms, where an. entirely . 

different kind of gear is required to capture them. An example of seasonal. 

variation in. bathymetric distribution is offered by the cod in Greenland waters • . 

Rasmussen (1954) reports that during July and August the cod 1.eave the bottom 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 mackerels, by the use of surrounding nets of various kinds depends 

on the aggregation oft the fish into compact schools which can. be surrounded by 

the net. Variations in the aggregation habits of the fish, i.e., the sizes of 

the schools an,d 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, an.d with seasonal changes in the 

. physical and biological factors of the environment. It is ,less clear whether 

the amount of fish in the stock, i.e. the :population. density, also influences the ' 

aggregation habits. 

38. The capture of many kinds of fish is accomplished by th'e use of baits or 

lures, and thus the success of capture depends importantly on the feeding habits 
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of the fish, which vary with age, state ?f sexual maturity, an.d with physical ' 

conditions such as temperature, etc •. 

39. Variations in the physical environmen.t have been. shown, in one fishery or 

another 1 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 investigation. of the influences of changes. in; the physical environment on. 

the distribution, migration, aggregation, behayiour pattern.s, . etc., of commericaJ. · · 

fish species is, therefore, an importan.t _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 (I.C.E.S~) on 

"Fisheries_ Hydrography" (Lucas, et al 1952),. 

3. Components of the rate of n.atural increase of the population 

40. As noted ·previously, the catch made from a fish population duri~ any y~ar 

depends on the size of the population and on the amount and effectivenes_s of 

the fishing ·effort applied. The amount of the catch which can be taken without 

changing the · size of the population depends; , however 1 on the amount · ·of t~e --~turai 
'· 

· increase of the population.. If the fishery1 during a. year, takes only that . 

amount of fish which represents the excess of .increase due to reproduction. ·and 
• ' J . . • -_ 

growth over the losses due to deaths from natural. causes, the net change i~. the 

stock is zero. · The excess of increase due to reproduction. and growth ove; loss . 

due to natural deaths, per lmit of' time (usually a .. year), we term the _rate ~f -

. natural increase. · What w~· seek to do in. a con.servation. progr8lllllle is to baian.ce 
. . . . 

· the rate of catch with the rate of natural in.cr~ase, averaged over a suit~ble 

period of yea.rs, and further to establish this balance at the level ID';)Rt beneficial. 

to man. In general., we try to ~chieve ·that bal.an.ce which will provid.~- the 

maximum average catch • 

. 41. For the most effective conservation. management of a population., it is 

desirable to have lmowledge concern.ing the biology and ecology of the fish 

· pertin.en.t to each of the three components· (reproducti~n., · growth, n~~ur~l mortaiity) 

makin.g up the rate of na turaJ. in.crease. 
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4. Facts respecting additions by reproduction (recrui~ment) 

42. Basic in.formation in. this category in.eludes the facts on the · spawning habits 

of the fish. We usually wish to lmow the age and size at first tnaturi ty, in 

order to determine towhat extent the fishery operates on sexqally immature 

members of, the population. The type of reproduction, pa,;rticularly with reference 

to the protection afforded ·the eggs and young, is important. This ranges -from 

ovo-vivaparous reproduction, in which the young are protected until some time 
• , I 

after hatching, to completely pel~ic spawning, ·where the eggs drift freely in. 

the sea an.d are at the mercy of the en.vironmen.t an.d of ill"ed.ators from the instant 

of deposition. Determinations of the fecundity (riumber of eggs spawned by 

females of different sizes) and frequency of • spawning {number of spawnings per 

female per year) are valuable in assessing the reproductive potential of the · 

population.; they are also of value in determin.ing the absolute size of the adult 

population by the method of determin.ing the totl;ll eggs spawned, from net hauls, 

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

43. The determination of the areas of spawning and the season. of spawning is of 

importan.ce, both 8:s a basis for the quan.titative estimation. of the adult . 

population. by the method noted above, and as a basis for studying the effects of 

environmental factors on. the survival of eggs an.d larvae. 

44. The importan.ce in fisheries management of studying the early life history 

of marine fishes rests on the observation, made many years ago by Johan Hjort and 

his co~workers in. Norway, that the -success or failure of most broods of such -species 

is determined very early 'in. their life. '11he phenomenon of large variations in 

success of reproduction exhibited by many marine fishes has been demonstrated to 

be very often due to variations in. their environment during :their early life, 

before reaching commercial size. Elucidation of these relationships 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 juven.iles; food and feeding habits 

of larvae and juveniles; behaviour, in.eluding aggregation. habits and tropisms of 

larvae and j_uveniles; spatial and temporal ·distribution of larvae and juveniles; 
' 

migrations of juveniles. 
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45. Important aJ.so in 'conservation regu1ation.s is the determination of 

· · "nursery" areas - regi?ns of the sea inha~ited by the sub.;.comrnercial sizes which 

may profitably be afforded :protection from the predation incidental to- fishing 

for commerc_ia1 sizes of the same or other species. 

46. Of spec·ial relevance tb the problem of conservation. management is the 

determination of :population den.sity effects on the amount of recruitment to the 

commerciaJ. stock, ,or, in other words, the relationship between the size of the 
. -

spawning population. and the number of their progeny . which survive to commercial 

size. The importance of density:..dependent mortality among the young stages of 

fishes, in comparison. with density-independent· mortality, an.d the forn1- of the 

relationship, b~tween spawning stock and number of recruits is one of the · more 

controversial an.d difficult aspect s of current fishery ·research. · Ricker ' (1954) 

has recently published an. illuminating dissertation. on this problem. 

47. The elucidation of the relationships between the properties of the 
. . I , 

environment and the success of reproduction. is an iniportan.t 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 

related to the size of the spawning stock. ' Such variations are, apparently, -· 

due to variation.s in the properties of the environment operating in. several ways • . 

It is believed .that for a good many fishes, at least, there are critical stages . 

· in their developnent when the lack of some element· - such as suitable food when. 

first . starting to feed - may result in. very large mortality. · Thfs need not, 

however, be aJ.ways true, or e_ven true in. general, since · slight changes in . 

.. mortality rates over a long period . of development can produce ·the same result·~ 

48. The physical environmental factors may affect the strength of year classes 

either th:i;ough direct effects on. spawn.ing. and survival or through ~n:direct 

effects on the food and other means of existence. Direct effects of -the' 

physical environment will include such matters as the direct relation between . 

. temperature and saJ.ini ty on. the location. and amoun.t of spawnii:lg, the deaths of 

eggs, l&-vae or . juvenile~ _ d~e to lethaJ. temperature conditions, a.nd their 

transport by currents to sea areas adverse for survival-. Indire,ctly, the 

physical environment may affect the survival of young through affecting the 

production of suitable food, or through limiting the space containing suitable 
. . ' 

temperature or oxygen, or through other factors ·generaJ.ly included in. the term 

' 
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Such effects may b.e even more in.direct, acting through 

the encouragement of _the development of populatiops of competitors or predators 

upon. the young stages, or through the provision of conditions for the favourable 

growth .. of pathogenic organ.isms. 

5. Facts respecting additions to the stock by growth 

49. The number of fish in a population. is added to only by reproduction.. The· 

weight of the stock is, however, also in.creased by the growth of its individual 

members. . . 
50. We wish to learn how much ·weight is added per unit of. JGime to the members of 

the stock at. different ages - the age-growth relation.ships .. because this is ori.e 

piece of information. important for the determination of·the most profitable size 

at which to harvest the fish in. those fisheries where the size of capture is 

amen.able to direct control. It is also important in fisheries where such 

control is not possible because., even. in. this everit, there may be a most profitable . 

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

controlled. 

51. The rate of growth of fishes is a fun.ction 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 a.emonstrated for some fresh water fishes ( see for 

example Beckman. 1941, 1948). It has also been irldica.ted that for some, at least, 

of the demersal 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 n.oted, 

however, that the gain in growth is not sufficient to compensate for the losses 

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

52. The growth of fishes is, again, direci;;ly affected by the properties of the 

physical environment. It has been. shown. both by statistical studies and by 

laboratory experiments, f?r example, that temperature has a direct effect on the 

growth rate. 

53. Variations in the physical environment ma~r 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 first; to obtain information. 

on what the fish eat, that is, the kinds of organisms the-fish feed 011 and any 

changes in. feeding habits•with size and age. It is further necessary to determine 
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whet~er food is., in fact, a limiting .factor on the growth of the members of the 

population., that is., whether there is ever any sho~tage of food. 
' 54~ . In the event that it is shown that the supply of food does, in fact, .become 

limiting on the growth of the popula~ion., it is .of further interest to determine 

whether the food supply is also r~lated to the density of the population.., that is, 

to determine whether grazing by the fish population. effectively mocl.ifies the 

standing crops of food organisms. The above cited er.amples of an inverse 

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

such grazing effects are · sometimes of importance, but direct measurements would 
I 

~ ' -

be desirable. 

55. Where sev;eral specie.s of fish feed on the same food., the sizes of the 

population.s of competing species may affect the food supply, and thus the growth 

of the members of the fish population under study. Whether this occurs to any 

important degree in the sea is, perhaps, a moot question • 

. 6. Subtractine from the population by deaths from causes other than fishing 

56. The balance between addition.s due to reproduction. and growth an.d losses du~ 

to "natural" .deaths determine the rate of natural increase of the population • . 

57. We are concerned, first of all, t(? determine the general level of natural · 

mo~ality, or its inverse, the longevity, of the connn~rcial sizes of fish :in. the : 

population because this, with similar kn.owledge of the reproduc;:tion. and growth 

rates, gives a first approximation to the rate of natural increase. 

5$. For most kinds of animals, in.eluding fishes/ the mortality rate is not 

constant, but changes with the age .of the fish. The measurement of the ·age­

specific mortality rates is difficult for populati ,::-~Js oi' · sea fishes, but where 

possible to measure it is of great value, because this, together with the age­

specific grmrth-rates, .determines whether it is more profitable to · leave -fishes oi' • 

a given age in the sea or to harvest them. So long as the gain by grmrth is 

greater than the loss by death, poundage will be gained by deferring their · 

capture, but beyond this age, pound.age wi~~ be gained by harvesting theni. 

59. Variations in. the mortality of adult · sea fishes related to environmental 
. I . 

factors are "probably, in general, of .less inportan.ce than. those which oc·cur during 

the early stages of lif'e when. the young fish are more at the mercy: of 'their 

enviromnents. Such effects may, however, be important in some instances. 
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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 pro:perties of the environment 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. 

7. Discounting of environmental effects 

60. It has been indicated in the foregoing t~iat changes in the properties of 

the environment can have noticeable effects.on the rate of natUJ."8.l increase.of 
. 

the population and can also, through a:ffecting the availability of the stock to 

the fishing gear, influence our measurements of the relative abundance and quality 
i 

of the population, based on the commercial catch. 

61. 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 environmental factors. Short term 

environmental effects which may be considered as random variables may be averaged 

out by statistical methods if we have a suf'ficiently long· series of measurements. 

For this purpose, the series of data being considered must be long relative to 

the length of the periods of environmental changes. This condition is often 

encountered in practice. 

62. On the other hand, there sometimes exist long-term enviromnental changes 

which influence the connnercially 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 variables, and .some understanding of their effects 

is required so that they may be suitably discounted in getting at the effects of 

man's predation. Such long-term effects of changes in the envirorunent have been 

shown, for example, to be of importance i:t,;J, fisheries for North Atlantic cod, 

· mackerel, lobster, capelin, and other species (faning 1955, Temple1nan an~ 

Fleming 1953). 
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E. Effects of intensity and kind of exploitation on the resource, and 
current status. 

65. Jve have considered in the foregoing section the kinds of biological and 

ecological information which o.re required for evaluating the effects of ma1.1. 1s 

exploitation on the fish population and on .the sustainable catch. We will . 

attempt in this section to review some of the methods which have been employed 

in making quantitative estimates of these effects, with particular reference ·to · 

determining whether or not in a particular fishery the catch could be increased 

by .measures to control 'man's predation. 

·6!~. ·. An outstanding common c:b.aracteristic · of populations of organisms is that they 

are self-regulating; they remain at some more or less fluct~ting level of 

abundance over hundreds, or thousands, of years, neither increasing without lirait 

nor declini~g to zero, in spite of 1ather _gre~t ·changes in: th_eir surroundings. · .· 

This obviously requires that a population react to changes in its environment in 

such fashion that the losses from and accessions .to the :population come into , 

balance under the cbanging conditions. As we have noted in the int;oductio~, 

this resiliency of population is the biological basis of ·any sustained fishery.· 

65. It has been pointed out by .Nici'-1ol~on (19.33, 19$4a,b), Ricker (1954), and 

others that, although the level of _abundance of a· population can be affected by 

any element of its environment; only those eiem~rits .which are responsive to 
. -.,,, . . . . . ~. ' .. -:- .• . :: . ' . . ' . . . . 

changes in population density, _and in turn ·modify the population·change, are 

involved in the salf~governing mecli.anism of,the population. We may conveniently 
: , , ' . , ' .\ , " 

designate the elements involved in this self-regulating system as controlling 
., • •• ' I 

elements and the remainder as modifying elements • . The reactions of a fish 

population which compensate· for the mortality due to man's pred.a'cion, and :make a 

sustained fishery possible, must, of course, involve controlling elements. 

66. It is not necessary that we isol~te the ·elein~nt~ ,involved, but only that; -~e 

determine quantitatively the relationships between. intensity o~ fishing, the f;!iZe 

and composition of the population, and the araount and quality of the catch tbat 1 

the population will sustain; although an understanding of the mecbanisms concerned 

- is of obvious value, both in understanding the dynamics of the fishery and in 

applying conservation measures, \ 
, ) 

. I, 
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l. · The concept of eg_ui,libriwn catch and maximum equilibriwn catch 

67. The basic problem of fishe17 management bas been very simply and clearly 
. . ' 

fornmlated by Russel (1931), who stated the matter, essentially, as follows: 

68. If P1· represents the ueight of the population of catchable sizes of fish at 

the beginning of some period of time (say a year) ~nd P
2 

represents the weigh~ 

of the population of catcbable sizes of fish at the end of the period, 

where: 
P2 : P1 + ~ + G ~ M - C .•••••••••••••i••••• (1) 

A is the.amount by which .the .stock of catchable sizes of fish is 

. increased in weight by recruitment .of new indiViduals during 

· · the ye~r (additions _by repr~duction) ; . · 

G is the incr~ase in weight of the stock by growth .during the 

year; 

M is the loss in weight of stoclt by naturaJ. deaths ~uring the 

year; and 

C is the weight of the annual catch. 

Putting (1) in a slightly different form, 

_ P 2 - Pl : A + G - M - C • •. ~ •• ~ •••••• •..... ( 2) 

We see that this states the obVious fact tbat the change in weight of 

the stock is equal to _the additions to the stock of recruitment and growth, less 

the subtractions by natural mortality and fishing. Obvious.ly, wllen C is great.er 

than A + G - M, the stock de_creases; when C is less than A + G - M, the . stock . 

increases; aJ.1d when C is exa.d;ly equal 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 

equilibrium catch, because it is the catch when the riopulation is in equilibrium 

1-1i th its environment, including predation by fishing. 
' ' 

71. It is clear, that, under the same environmental conditions, ·except for the 

amount of fishing, the equilibrium may be established at various levels of stock. 

Indeed it may be establishe'd at ~ level of stock between the maximum riossible 

stock (when there is no fishing} and the ·threshold level for s1..~lval. The 

problem, then, reduce·s to estimating (A .+ G - M), the rate of natural increase 

( which equals the equilibrium . catch) for vario1..IB values of P . (and corresponding 
\' 

values of fishing intensity). S1.I";Lce the several terms are interconnected 
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biologically, and some or all of them are determined by the densi ty-com1ected 

~trolling. elements of .the environment, there will, in general, be some rraximum 

value for the equilibrium catch, the establishment of i1hich is the primary 

objective of fishery conservation •. 

72. Because both the controlling and ·modifying elements 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 

eg_uilibrium, but fluctuates about some average level corresponding to average 

environmental conditions. By taking a suitably long series of observations, 

however, 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 deta:i,led knowledge of the operation of all 

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

. statistical procedures. 

T5. Although the estimation of the fishing intensity which will produce the 

maximum equilibrium. catch is a central objective.,i a somewhat lesser objective 

may be more easily attained, and be of great iramediate importance, that is the - 1 

determination of whether the intensity of fishing is above or below the level 

corresponding 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 whether 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 ~fished (so far as maximum sustainable yield is 

concerned), .while in the former it is being overfished, and conservation action 

is indicated. 

74. The preceding discussion has been predicated on the assumption that under 

uniform conditions of environment (including fishing) the fish population -tends 

to stability, that is under a given set of environmental circuinstances ' the 

population will tend to remain at a .fixed level. Most populations of sea fishes 

are believed to be of this sort. There are, however, some kinds of organisms -

notably certain kinds of insects - where the nature of the intraspecific 

conipetition leads to ?ustained oscillations in the size of the population, 

i.e. the rate of natural increase tends to be so11e periodic function, , • 

(Nicholson, . 1950, 195l:b) • it appears that this type of population may sometimes 
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occur among fishes, for exam:ple some of the population of salmon. of the genus 

Onchorynchus. It has been. shown _by .Nicholson (195lfa, b) that this type of 

population, un.der a given. set of conditions oscillates periodically about a 
• I ' 

constant mean value which is determined by the conditions of the environment. 

If, therefore, we deal with the mean. values, averaged over on.e or more cycles., pf 

the population. an.d of the :factors making up the natural rate of increase, 

equation (2) above' an.d the subsequent treatment applies. In this case there 

will still exist some level of sustained fishing intensity and corresponding 

~ population which corresponds to the maJdmum sustainable ~ catch. 

75. . There is, however, the possibility that for oscillating populations the 

sustainable mean catch might be greater if the f:i.shing · intensity were continuously 

varied than if held at some constan.t level; on. tla.e other hand it might be less. 
. . 

I do not believe this has been inveE:tigated for any marine organisms, and, indeed, 

I am not tlcquainted with any literature bearing on this ma~ter :for. _any organism. 

In. the absence of in.formation .regarding oscillatory fish populations, I shall deal .. 

here only with those kinds of populations ~,hich may be regal'ded as tending to 

stability. As noted above, most, at least, of our sea-fish populations 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 , 

complexity., but leading to increasing understanding of the dynamics of' the 

fishery, and ~on.sequently increasing possibility of e_fficien.t conservation. 

managemen~. 

2. In.vestigation.s at level I 

77. At the firs~ level of investigation we may simply obtain, over a series 

of years which encompasses various levels of fishing intensity, measuremen~s of 

fishing in.tensity, ' size and composition. of the population, and size and 

composition. of the catch, and, .on the basis of these, infer 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 catch may be determined from lan.ding s_tatistics, and its 

composition from examination of representative samples of the landings. The< 
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relative abundance of the stock can-be measured .bY the catch per unit of fishing _ 

effort, properly corrected for differences in gear which may be employed. The 
. . 

most precise estimates of this sort require also corrections for variations in 
' availability, but vn1ere these are lacking the factor of availability may be 

treated as a random variable, if the ·series of data is sufficiently long, and if 
. . 

there is, in fact, n.o systematic, long-term change un.conn.ected with the fishery 

activities. To compute absolute abundance · from relative abundan.ce usually' 

requires data from marking experiments, alt~ough this can. also sometimes be 

inferred from the changes in. catch and relative abundance. 

79. In addition to the measurement problem resul tin·g from variations in. 

availability 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 taking these 

into account have been. developed, and are sufficiently well lmown to require no · ·· 

detailed discussion. here. 

80. Inferen.ces of effects of fishing on. the stock and catch, and the current 

status of the fishery, f3:om the evidence of historical records of changes 

in relative abundance and catch in. relation to changes in fishing effort, have 

proven most ~seful in practice. Several good examples come ~immediately to 

mi:r..d: 

81. The data on the plaice fishery of the North Sea, swmnarized in several 

publi~ations of the I.C.E.S. {for instance Figure 3 of Graham 1954) indicate 

clearly that the in.tensity of fishin.g is sufficiently great to have had a 

marked effect on the stock, and that the intensity reached before World War II 

was above that correspon.din.g to the maximum yiela.. For this, and some other 
. 

North Sea and North Atlantic fish populations, the respites from fishing during · 

the two World Wars provided a large variation. in fishing intensity, the effects 

of which on. the stock are ·unmistakable (Clark, et al 1948). 
82. A similar series of data on the Icelandic cod (Graham 1954) indicated that 

this stock, on the contrary, shows no signs of approaching the maximum desirable_. 

level of exploitation.. 

83. In the well known example of the Pacific halibut (T'nompson. and Bell 1934, . . 

Thompson 1952), the historical· series 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 ma.:dmum desirable, and that the stock had declin.ed to a point where the 

sustainable harvest was well below the maxirnum. Acting on this information, the· 

harvest was regulated by the International Fisheries Commission, with subsequent . . 
rebuilding of the stocks, and eventually some in.crease in total harvest as well. 

84. The simple examination of such time series is, in many cases, adequate to 

indicate whether a stock is un.derfished or overfished, a~d, thus, whether 

conservation. measures are required. It is also possible, however, from · 

reasonably long h~storical series of data_on abundance, catch, and fishing 

intensity to make quantitative estima.tes of the effect of changes in. fishing 

intensity on the stock,· and to estimate the equilibrium catch at. various levels 

of :population, and t'he ma,"'imum equilibrium catch. .The method employed here 
' I ' ·-

consists, essentially, of considering the rate of natural increase, that is the . 
. ' _, . . . 

~ of the terms (At G .. M) to be some single valued function of the mean 

popula~ion .• 

A+ G - M n r'(P) 

and(from equation 2 above) 

P2 • P1 • 4 P a f(P) ,.. C •••••••• •• ••••• (3) 

85. If we further assume, as -is usual in fisheries research,. that the catch 

per unit of. fishing effort is proportional to the. mean population en.countered by 

. the fishery during the year (is a. measure of the relative .abundan.ce of the. fish) 1 

and. that the in.stantan.eous rate of fisping mortality is l)roportional to the 

number .of un.its of fishing effort, we have 

~ p = f(P) .. 1ti F p .... •· ................ . (4) 

and 

where F is the total number of un.its of effort applied during the year, P is the 

mean :population., U is the catch_ per un.it of effort, ana. k1 is a. constant. 

86. If on. theoretical grounds, or on. a sufficient basis of empirical experience, 

we can specify the for11!, of f(P), we can. employ (4), or an equivalent formulation, 
' ~ 

to estimate quantitatively the relationship between. fishing, population., and 
' . '- . -

sustainable catch. BUchman (1938) and Graham (1939) have discusse~ some of the 

theot~y of this approach. Graham (1935) has a.p1-,lied it in a rough way to the 
' ' estimation of the eg,uilibrium catch of the d.emersal fish stocks of the North Sea, 
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as has Baerends (1947). Rccen.tly the writer (Schaefer 1954a, b) has further 

developed the theory and methodology, and shmm applications to the Pacific 

halibut and sardine fisheries. 

87. In. the interpretation of historical series by the foregoing methods, it is 

assumed that all of the influences of environmental factors other than fishing, 

as well as measurement errors, may be regarded as random variables~ It is • 

necessary, therefore, to employ fairly lon~ series of data for such 

investigation.s, for two reasons: (1) Even if the en.viro:ct1ental effects 

·· mentioned are truly random, the greater the amowit of data, the greater the 

precision of the statistical estimates; (2) If there exist cyclic variations, 

it is necessary that the series of data be long en.ough with respect to the 

period of sign.ificant cycles for such variations to be treated as quasi-random. 

88. If there do exist, unkn.own to the in.vcstigator, long-term trends or long­

term cycles, in the environmental 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 n.ot in. truth be so. Certainly some 

caution. needs to be exercised in. this direction. 

89. Determination. of t.he size and age coi:nposition. of .. the catch {and stock) over . 

the same series of years, offers one means of determining whether the observed , · · 

changes may be due to fishery-independent factors. Where the controlling factor 

is the intensity of fishing, there occur, along with changes in the magn.itude of 

the stock, changes in. the age composition., systematically related to changes in. 

fishing intensity, (s~e e.g. Clark ~•, 1948). Such series also make possible 

the empirical determination. of the relation.ships 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. 

3. In.vestigation.s at level II 

90, An. alternative approach to applying equation. (4), or an equivaJ.en.t 

formulatioD, to the determir.ation of the relation.ship between intensity of '· 

fishing and equilibrium catch is to estimate the individual terms for recruitment> 

growth, and mortality, and combine them to estimate equilibr'i.um catch. 

91. The :pioneer worker Bara.nov (1918) was the first, so far as I kn.ow, to 

employ this method. He assumed that the number of fish recruited annually to 



. A/CONE' .10/L.1 
English 
Page 29 

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 proportion.al to the cube of the 

length). He assumed the percen.tage of natural mortality to be constant, an.d 

the in.stantaneous rat.e of fishing mortality to be proportional to · the fishing 

in.tensity. . Under these assumptions, he computed the eg_uilibriu;.n catch for · 

populations of fish, having a specified rate of increase of length with age, for 

various values of natural mortality rate an.d fishing in.tensity. 

92. Thompson. and Bell (1934) computed the eg_uilibrium catch in a fishery for 
. . . 

' - . 

varipus rates of fishing mortality, assuming numbers of recruit·s constant and 

percentage rates of growth and mortality constant. . They al.so computed the 

changes in the population and yield whicl;l would occur in. the halibut fishery, 

assuming numbers of recruits constant, percentage ~te of natural mortality 

constant, growth to. be_ age specific. (using average age-weight data from samples 

of the catch) but constant. at each age, an<i in.stantan~ous fishing mortality 

rate to be proportional to number of units of gear actually fished~ The 

mortality rates employed in the calculations were in the vicinity of those 

inferred from tagging experiments. With these simplifying assumptions, they 

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

the actual ,changes ,over the period of years exar:iined. 

93. Parrish and Jones (1953), studying the haddock of the Farces . and the 

North Sea., have computed equilibrium catch, assuming n.umbers of recruits 

constant; percentage ·rate cf natural,mortality con,stant (using in' different 

caJ.culations a range of rates within which f'alls ' the average value for the 

fishery in ~uestion., inferred from the available data); growth rate · to be age- , 

specific, following a mathematical forra due to Bertalanffy., but con.stant at e~ch 

age for all population: densities (curve fitted to average data from samples of 

the catch); and the instantaneous fishing ·mortality rate.to be proportional 
, . I 

to the amount of gear fished. It is shown .. that the present fishing inten.sity 

in both areas. is above that corresponding to ,mrud.111un1 equilibrium catch. 

94. ~everton (1953) pas made similar calculations, ~ased on the same 

assumptions an.d similar methodology to those of Parrish and Jon~s, for the plaice 

an.d haddock fisheries of the North Sea. · He has also made ~alc:ulations of the 
' variations in. yield of this fishery, taking into account the effect of variation 

\ ' 
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in -a.ge of recruitment, due , to · regulation. of size of mesh of n.et. He shows that 

the equilibrium yield might be increased from its presen.t con.di tion by a decrease 

in. in.tensity of fishing, an increase in mesh of n.et, or both. 

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

gro.·rth rates, an.d natural mortality rate, is adequate to in.dica.te when a fishery 

has been overfished, and to indicate the direction regulation needs to talce. 

Sin.ce this does not take into full accoun.t the density effects on these factors, 

and aJ.so neglects the age-specificity of' natural mortality rate_s, the estimates 

of equilibrium catch at fishing intensities much different from the current one 

becomes increasingly 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 correspon.d to reaJ.ity, so that 

such calculations cannot be valid over a very laree range of population. sizes. 

Parrish and Jones (1953) · say, 110f course, these curves are n.ot valid over thE?ir 
' ' 

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

decrease in grmvth rate and . increase in natural mortality rate, so that the 

ordinates to the left of the curve /J.ower fishing in.tensiti7 a.re .probably over 

estimates11
• 

96. Since recruitment must decrease, also, at very low levels of population., 

the values computed for very high fishing rates are, doubtless, also over­

estimates. 

97. Deverton (1953) notes that" the model can establish the main. dynamic 

properties of a fishery and can. indicate the first steps which are required to 

regulate it, but for making accurate predictions of the regulation. required and 

of its probable effects, it is :necessary to take other factoi·s into accoun.t. 

Of particular importan.ce here is the variation of the parameters with population. 

den.si ty. • • Introducing phenomena of this kind makes the model more realistic 

and gives it the properties of 'self-c_ompensation.t which are characteristic of 

natural po:pulation.s ••• ". He has made, for both haddock and plaice, calculation.s 

showing the effect of triking into account density effects on. the growth rate 

and natural mortality rate. 

98. · In determining the average values of recruitment, growth, and natural 

mortality, fisheries scientists normally employ data from the catch and from 

tagging experiments over a series of years. It is implicitly assumed that any 
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environmental influehces behave as random variaples, which .will average out over 

the series. Tl1is, as in the investigations at level I, is a possible . source_ of 

error·, if in truth there is a non.-random trend of such . fact;ors. The mea,surement 

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-specificity of natural mortality, an.d 

disregarding density effects on recruitment, growth, and natural mortality, · ·. · 

limit the usefulness ~of the calculations to fishing intensities and population 

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

therefore, that, where :possible, the changes of natural mortality with age, 

and the den.sity .effects on. all tlu-ee factori5 be determined .and incorporated into 

the calculations. The age-·specific mo:rtali ty rates can be calculated from 

sufficiently detailed samples oi' age composition ;in several successive years. 

The determination. of density effects, however, requires determination of rates 

at different population densities, which are often difficult to obtain, since 

the fishery tends to maintain the population density.at some rather constant 

level, depen.dins on economic factors. Such changes in. population density as 
.,_ , I ' • • - • 

those· resulting from respites from fishing during the major wars offer one sort 
'. of opportun.ity for such determinations. Lacking tliis, as a practical procedul:'e, · 

it is probably necessary to proceed step-wise with raapagement reg_ulations, 

approaching the condition of maximum sustainable yield by a series of successive 

changes in regulation.s. 

4. Investigations at level III 

100. Investigations at_ levels I and II give, primarily, information for 
. 

controlling the fishery so as to give the greatest sustainable yield under 
' ' 

average environmental conditions, and the methodology of investigation. treats 

variations of such conditions as ran.dom variables tb be eliminated by suitable 

statistical procedures. Our understan.ding of the dynamics of the fishery will, 

obviously, be more precise, and therefore, more useful to effective.conservation _ 

action., if we un,d;'::rst~d; and measure the effects of the environ~ent on the · 

population and catch, along _ the lin.es indicated in an earlier section.. Such 

.kn.owledge will also ma.kc it posaible to establish a regulation of the fishery "· 
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under which .the harvest would be increased d~ing period.G of abnormally high rate 

of natural increase, and decreased a.urin.g periods of abnormally low rate of 

natural increase, thus obtaininG a greater total productio~ than is possible under 

regulations ba.s.ed on average conditions. 

101. . The necessary <:!-uantita.tive kn.owledge of the influence of va:-;-iations of 

elements of the physical environment on the . fish stocl:s j_s not available for such 
' ' ' 
ideal management of any of the sea fisheries, but is thc.ideal _which fisheries 

research should hope to attain. eventually. This pust involve, however, 

measurements of alJ. important factors in the ecological system, as shown. 

schematically on our diagram. We must measure quantitatively,the direct effects 

of the physical environment on recruitmen'G, growth, mortality, and availability -

of the' stoclt to the fishery. He must also measure the indirect effect_s through 

the moclifica·i:;ion of the food supply and the living space. · Since a population 

of a given fish species is a part of an ecological system includin·g populations . ' 

of other species which compete with it, or prey upon. it, the environmental 

effects on such other population.s will affect the survival and growth of the 

population of the species har:vested by man. Finally, in some in.stances, the 

fishery may destroy members of competing and :predatory fish poptilations,- either 

. because they are of commercial value, or because they are captured an.d killed 

incidentally, even if not lan.ded. The study of ·the effects of fishing on. 

:predators ~d competitors 'is, thus, an important kind of investigation in such 

circumstances. ' 

102. . Since the ecological system is e1sceedingly 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. 
0

The investigations of the demersal 

fishes of t.he North Sea, and the in.vestigatio~s of the sardines and related 

pelagic species .off Cal~forn.ia, are perhaps two of the best ~xamples · of progress . 

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

partly to show· how much more needs to be found out~ The information developed 

by investigations at this level are, however, · of use in the conservati~,n, programme 

even though they may be incomplete. Partial information of the relationships 

indicated at level- ;rrr is of value to the analyses at levels I and II. 

/ 
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F. Relationships to other S}2_f:Cies being exp}-oited simul tan.eously 

10:;. Ver.y often a fishery does not depend on a single species of fish, but is 

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

same seasons, sometimes even. being taken simultaneously from shoals composed of 

a mixture of species. For exai;1plc1 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. 

lo4. In. such circumstances it would, of course, be desirable to maximize the 

sustainable catch of each of the species. vfnether this is capable of 

attainment will _ o.epend upon. the effects of a given amount of fishing on. tlie 

stock and yield of each species, and upon. whether species selectivity can, in. 

fact,_ be practised in. the fishery. 
( 

105. First of all it is desirable to determine th~ effects of fishing on. the 

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

maximum equilibrium catch. If, as may often. occur, some species 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 depen.d on. the biology and 

behaviour of the several species. Tn,vestigation may show that the dif.ferent 

species are differently distributed-by area or time, .and the pattern of fishing 

c_an. be modified accordingly. For those species, such as the tunas, which are 

located by visual rJ.eans, it is importan,t to determine to what extent the different 

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

infrequent occurrence selectivity may be exercised in the fishing operation.. · It 

may also happen that gear modifications (such as.regulation of mesh-size of 

trawls) will make_ possible the selective escapement of one species. 

107. Where it is n.ot possible., on these or other bases, to fish selectively, 

it will, ii?-general, still be possible to control the fishing to obtain the 

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

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

fishing in.tensity there is a mesh size which enables the greatest combined yield 
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to be obtained.; although this combination. of fishing. inten.sity and mesh size might 

n.ot be. ewnetric for an.y one of those . species alon.e" • . 

108 • . Here, again, it :will sometimes be n.ecessary also to consider some of 

the econ.0111ic aspects of the fishery • . Where several opecies a.re caught 

simultaneously, and they have quite di:fferen.t vaJ.ues in the market, it may be 

desirable to manage the fishery so 'as to obtain. somewhat less than the maximum 

sustainable aggregate catch in order to secure a more desirable species 

composition.. The same types of biological i~formation. are, however, re9-uired 

for both purpo.ses - . · in. either case the n.ccessary conservation measures must be 

based on. scientific knowledge • of the dynamics of the fish population.s concerned. 
\ ' 

PART II 

TYPES OF . CONSERVATION MEASURES . APPLICABLE IN A CONSERVATION PROGRAMME 

109. When. scientific investigations., of the types discussed above, · he.ve shown 

tha.t curtailment or modifice.ti'on of man"s :predation on. the fish, :population will 

in.crease the quantity or quality of the catch, various ltinds of regulatory measures 

may be put into effect. The kind of regulations imposed will depend on the . 

effects which it is desired to ·'Obtain,• the nature of the fish population., the 

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

particular circumstances. 

Control of level of .fishin~~ intensi'cy to obtain maximum averagE:_ 
sustainable cat ch 

. 

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

con:dition. of overfishing (i.e. an. intensity of fishing such that the sustal1.nable 

cat·ch is less than it would be· at a lower inten.sity),. the sustainable catch may 

be increased . by curtailing the amount of fishing. . This may be accomplished in. 

several :ways. 

llL The most straightforward method is directly to limit the amount of fishing 

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

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

all who wish to do so to fish., but limiting the amount of fishing time or amount 
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of fishing gear per person or vessel. Limiting the n.umber of persons or vessels 

which can. fish has the effect of giving a property right to those who are . 

permitted to fish, which is cont!'.ary to public policy .in many coun.tries. 

Limiting the total fishing intensity by regulating the amount of fishing of each 

person. who wishes to engage in the fishery has the same effect on. the fish 

population. and the catch, but has the possible disadvantage that total cost of 

harvesting the yield is greater, so that the n.et econor:iic yield is less. 

112. Adrain.istratively, it is 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 q_uotas, or limits, on. the permitted landil'.lgs. This 

technique has been. employed successfully in the Pacific halibut fishery., among . . 

others. Where a. single annual quota. is imposed for a given. geographical region., 

as the abun.a.ance of 
1
fish is rebuilt., the permitted · catch will be obtain.ed· in a 

shorter 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 fishery at different times of the year, this results in 

the fishery bearing on them unequally. Such a condition is apparen.tly the case 

for the Pacific halibut (Dunlop and Bell 1952). In this event, it becomes . 
. . 

necessary to establish separate catch quotas for di:fferen.t time intervals 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 .fishing area, and 

for which limi:tation.s on .permitted catch need to be applied separately to 

different time periods to obtain the desired fishing in.tenoity on each of the 

several population.s. 

113. Limitation on. fishing in.tensity is, also, often obtain.ed by establishing 

closed seasons during which no fishing is permitted, usually choosing those 

seasons when. the fish are most amenable to capture. This seems, of course, to 

be econ.omically inefficient. 

114. A similar type of in.direct limitation on. fishing intensity may be obtained 

by closing to fishing certain areas where fish are most amenable to capture. 

Where closed areas h8i,ve the sole object of curtailing_fishing intensity, and n.ot 

of protecting certain. classes of fish, this type of control may, ag~in,be 
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less economically desirable than dchers~ if the areas chosen are those where fish 

are J?8,rticularly amenable to capture. 

115 • A popular method · of controlling in.tensity of fishing witholrc becoming 

:1.n.volved , in '· 1imiting the number of person.s engaged in. fishing, or establishing 

direct ca~~h limitations., is to employ · regulations to limit the efficiency of the · 

fishing gear. This may involve complete prohibition of certain kinds of gear; 

:prohibitioz:i of the use of ancilliary equ~pment1 such as electron~c devices for . 

locating fish shoals, or the addition of power to sailing craft; limits on. the 

size of vessels permitted to engage in the fishery; or limitations on the fishing 

gear itself, such a.s limits on the lengths of gill-nets or purse seiners, or 

limits on'. the maximum breadtl1 of travl n.ets. 

B• · Protection. of fish the conservation. of 'w"hich will result in greater 
average catch or more desirable quaJ.ity 

116. As has been n.oted in Part . I, the total sustainable yield from a fish . . 

populatiori may be · in.creased by permitting the · fish to remain. in·. the sea as long 

as the increase in. weight by growth exceeds the loss in. weight by natural deaths. · 

Harvesting fish at larger sizes -i.f:ill, in. some cases, also produce fish of more 

value in. the market. · rn: such cases, and where 1t 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 differen.tial capture of specified 

· · sizes of fish is a practical method in. fisheries employing gill nets, trawl nets, 

and similar gear, since regulating. the size o;t' mesh of the :nets allows· fishes 

below specified sizes_ to· escape capture. This type· ·· of reg~ation is being used, 

for exainple, in the trawl fisheries of the North Sea and of certain parts of the 

· Northwest Atlantic. 

118. It . is also practical· in some in.stan.ces simply to prohibit the landing of 

fish belo't•r 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 smali .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 occur in. different ·geographical areas (often ·called 

"nursery" grounds) than the large fish, the~small fish may be protected-from 

capture hy closing such areas to all fishine. 

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

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

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

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

C. Differential harvesting of ~~ 

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

is a surplus of one se~~ in relation. to the requirements 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 unregulated fishery bears unequally 

on different sexes, disturbing the normal sex ratio ·· necessary for_efficient 

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

123. The only example which comes readily to mind of this sort of thing is the 

sockeye salmon.. F<Jr some populations of this species in Alaska, it has been 

indicated (PaciFc Fisherman 1950) ·that there is a normal surplus of males, an.d 

that these ma;y be differentially captured .by regulation. of the sizes of mesh of 

gill nets used to catch them. It has been. shown, likewise, that the gill net 

fishery for Fraser River sockeye salmon (Peterson. 1954) is selective toward the · 

males, the degree of selection. being related to the mesh., size of the n.ets; he:re 

it has not been. indicated whether or not this is desirable. 

_D. Regulations designed to ensw;e adeg__uate recruitment 

124. Regulatory measures are frequently employed with the object· of ensuring 

_that the recruitment to the fishable stock is maintained. 

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

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

spawning :population lihich will produce the maxi.mum reoulting harvest, so that 

regulation takes the form of restrictions on fishing to permit the optimum number 

of fish to "escape" to the spmming 13roun.ds. This type of regulation, depending 
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upon. the relationship between. :spawning stock and resulting recruitment be'ing. 

the predominately important factor determining the rate of natural in.crease, 

has little application. to most purely ma.rin.e population.s. 

126. Minimum size at first capture, obtained by any one of . the means mentioned 

in (B) above, chosen. s.~ as to _ minimize the capture of sexually itlI!lature fish,· 

has been. justified on the basis that so lone as the fish are given. maximum 

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

127. Protection. of young fish by closure of "n~rsery" ar€as is also sometimes 

considered to be a means of assuring increased recruitment to the stock of adult 

fish, quite · aside from the augmented weight of catch to be obtained by allowing 

the small fish to gain additional weight by the excess of growth over I1atural 

mortality, when. sucl1 exists. 

128. Protection.of adult, spawning fish, by :prohibition of fishing in .spauning 

areas or during spa'\-mine seasons, with the aim of thereby·increasing the 

nwnber 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 a·ny other period. . The widespread belief. in the effectiveness of 

this ty-.f)e of regulation. probably arises fro::'.:.h :presumed analogy with the 

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

protracted. time., and the protection. of which, therefore, is necessary to .the 

survival of their young. Since th~ majority of commerically important fishes_ 

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

during the spawning season will produce but few more progeny than refraining 

:from catchins; an. equal number some months earlier. The only net increase will 

be due to the sr,awners having survived a certain. natural mortality in the 
,' ' 

intervening period; If the stock ·is equally acce·ssible to capture during 

both periods ( i. e • , if a unit · of fishing effort ca.tche s , the · sari1e percentage of 

the exfating total adult ·stock during the spawning period and during the non-

. spawning period)., · t here ,will be no gain. at ·a11 in eggs produced, from applying 

the same fishing effort during the :don-spawning period rather tho.i:J the spawning 

period, because the percen:tge · of the initial stock surviving t,o spawning will 

be e:~ctly the cane, whatever the time at which the fishery is applied. 
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smnv:ARY 
· 1. 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 I s 

benefits at the highest sustainable level. In general, it is considered most 

desirable to obtain the largest catch possible of the commercial sizes, although 

in some instances this objective has to be modified by economic and other 
\ 

considerations. 

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 Yconstituting his commercial resources so .as to get the largest 

sustainable catch or otherwise to increase his benefits from the resource above 

those which would be obtainable without control. This requires determination 

of the effects of fishing on the abundance and composition of the fish popu-

lations and on the res~lting quantity and quality of the catch. 

of scientific information are needed for this purpose. 

Various kinds 

3. In planning or cond1~ting 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 m~nagement. 

4. There is need to determine the geographical ranges of the populations 

because both investigations and conservation measures need to extend over 

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

areas will differ for different resources. The si,ze of the "standing c:r:op" -

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 mernbers of the same species, which interbreed freely 
among themselves, and which occupy a continuous environment, and so are 
able freely to intermix and thus maintain their homogeneity. 
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productivity, in relation to the amount being currently harvested, provides a 

basis for judging whether or hot conservation measures are needed. 

5. 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 understand the manner 

in which these changes, whether connected with fishing activities or not, a.re 

produced, it is desirable to investigate in de~il the interrelationships of the 

several biological and ecological factors which determine the standing crop and 

yield of a population under exploitation by man. These interrelationships a.re • 

shown schematically in .Figure 1. · · 

6. When the amount of fish removed from a :population by fishing is equal to .· 

the rate of natural .increase of the population, the population will remain 

'unchanged, and the catch under such circumstances 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 ttthreshola.11 (minimum) 

abundance below which the group could not survive. There will be some level of 
. . I 

fishing intensity, and a corresponding level of population, for which the . 

equilibrium catch is a.t a maximum. The basic problem of fishery conservation 

i~ to detennine the condition of the fishery corresponding to the maximum 

equilibrium catch, and to find out how the current condition compares with it. 

7. This problem may be studied a.t three different levels, of increasing 

complexity but permitting increasingly preci~e conservation management. At the 

first level,,we determine, on the basis cf historical observations covering 

different degrees ·or fishing intensity, the average relationships between fishing 

~ntensity, 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 separa.teiy the three component~ 

(reproduction, growth, and natural mortality} of the rate of natural increase, 

and how ea.ch 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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SUl,1liIARY 

· 1. 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 general, it is considered most 

desirable to obtain the largest catch possible of the commercial sizes, although 

in some instances this objective has to be modifi~d by economic and other 

considerations. 

2. The purpose of scientific investigation -of 
1

.fisheries is to provide 

information on the basis of which man can ·control his predation on the fish 

populations 11constituting his commercial resources so _as to get the largest 

sustainable catch or otherwise to increase his benefits from the resource above 

those which would be obtainable without control • . This requires determination 

of the effects of fishing on the abundance and composition of the fish popu-

lations and on the resµlting quantity and quality of the catch. 

of scientific information are needed for this purpose. 

Various kinds 

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 connnercial resource is 

separated into independent or semi-independent populations because the population 

is the fundamental unit for conservation m~nagement. 

4. There is need to determine the geographical ranges of the populations 

because both investigations and conservation measures need to extend over ,, 

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

areas will differ for different resources. The s~ze of the "standing c:r:op" -

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 environment, and so are 
able freely to intermix and thus maintain their homogeneity. 
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. productivity, in relation to the amount being currently harvested, provides a 

basis for judging whether or hot conservation measures are needed. · 

5. 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 unders;tand the manner 

in which these changes, whether' connected with fishing activities or not, are 

produced, it is desirable to investigate in detail the interrelationships of the 

several biological and ecological factors which determine ·the standing cr~p and 

yield of a population under exploitation by man. These interrelationships are 
shown schematically in ,Figure 1. , 

6. When the amount of fish removed from a population by fishing is equal to . 

the rate of natural increase of the population, the population will remain 

'unchanged, and the catch under such circumstances may be called the equili?rium 

catch. An equilibrium condition may be established for any population size 

between maximum abundance, when there is no :fishery, and a nthreshola.11 (minimum) 

abundance below which the group could not survive. There will be some level of 
I 

fishing intensity, and a corresponding level of population, for which the 

equilibrium catch is at a maximum. The basic problem of f~shery conservation 

i~ to determine the condition of the fishery corresponding to the maximum 

equilibrium catch, and to find out how the current condition compares with it. 

7. This problem may be studied at three different levels, of increasing 

complexity but permitting increasingly preci~e conservation management. At the 

f'irst level,.we determine, on the basis of historical observations covering 

different degrees 'of fishing intensityj the average relationships between fishing 

~ntensity, 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 separateiy the three component~ 

(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 'lmowledge of the effects of all 
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important environmental factors, both physical and biological. Useful 

conservation measures can-be worked out on the basis of the less complex 
' investigations, with increasing precision of con,trol as kno·wledge at the other 

levels is developed. 

8. · For those fisheries which simultaneously fish mernbers 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 is such as to permit selective 

fishing. 

9. Management measur~s uhich may be applied in a conservation programme are of 

several general kinds: 

a. ueasures for the ·direct or indirect control of fishing intensity 

so as to obtain the maximum equilibrium catch; 

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 adequate recruitment, and 

d. differential harvesting of sexes to achieve a desirable sex 

ratio in the spm-ming population. 

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

discussed. 
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