19 i

UNITED NATIONS
‘GENERAL
ASSEMBLY

Distr.
LIMITED

A/CONF.10/L.9
L April 1955

ENGLISH ONLY

Item 10 of the provisional agenda

INTERNATIONAL TECHNICAL CONFERENCE ON THE CONSERVATION OF THE

LIVING RESOURCES OF THE SEA

Types of sclentific informatlion required for m fishery conservation programme

In accordance with the advice‘of experts consulted by the

Secretary-General, technical papers on certain items of the provisional

The Secretary-General

. has the honour to communicate the following paper by Chief Biologist,
Mr. G.L. Kesteven, of the Fisheries Division of the Food and Agriculture
Organization of the United Nations. Summaries of this paper in English,

agenda were invited from a number of authorities.

French and Spanish will be issued as A/CONF 10/L.9

(Sumary).

THE CONTRIBUTION OF OCEANOGRAPHIC'
RESEARCH TO FISHERIES SCIENCE

\

by
G. L. Kesteven¥/ :

é/ The author acknowledges the advice and assistance received frmi B
Dr. G.E.R. Deacon, Director of the Natlonal Institute of Oceanography,

Wormley, Surrey, England.
55-09099
b

-

p7e

\
\



A/CONF.10/L.9

English
‘Page 2 -
CONTENTS
Paragraphs Page
I. INtroductory « o« o o ¢ o v+ ¢ o 5 s o 4 s o o o o » 1 - 3
II.  Some definitloms « « ¢+ ¢ v v v e s s e ... 223 3
III;‘ ’ Génerai considerations . e e e e e e . k-8 LS
wv. Oceanography and the distributlon of fish. . . . . 9 - 12 6
V. Oceanography and the sbundance of fish . . . . . . 15 - 26 (
VI.  A. Neturel ebundance. « . « 4 « v 4 o 0 v .. .. 1k =16 8

B. Fluctuations in ebundance, and the effect of

fishing operations on gbundance. « . . . o . » 1T = 24 9
lGrowth 18 - 20 9
2..Reproduction. e e e e e : C e e 21 10
3. Natural mortality « « o v v v o 4 o o 0 0 0 . 22 !
4, Fishing mortality « « v o v o o o « ¢« o o« » - 23 11
5. Fluctuations in ebundance . . . . e 2 1
C. Fishing theory . . « . v w'e s o w4 ... .. 25-26 12
Vi. ~Oceam;graﬁhy‘and the behaviour of fish . « « . « . 27 -2
© VII. Oceanégraphy\and fiéhing operations. . + . . . . . 28 13f
ViIi. : Relations between oceanography and fisheries : |
SClences « v v v 4 v 4 s s W e s e e e e e s 29 =30 1k

Bibliog‘ra;phy."r.--.-.....-...,........'- 15



- AJCONF.10/L.9
English o
Page 3 = .o

e 1, INTRODUCTORY

1. The contribution of oceanography- to fisheries research (which meens research-_
in economic and technical fields as well as in biological fields) is to be '
understood only in lerms of the applied character of fisheries science. An effort:
is made in the following paregraphs to review the implications of this statement.
However, one pr1nc1pal tonsequence should be stressed, namely, that it- obliges the
fisheries scientist to discriminate heenly, and frequently to scrutinize his' '
activities to determine whether they will stand the test of their application to
. practical fishery prdblems. :

II..SOME DEFINITIONS

2.. The term "oceanogrephy" is taken to be a correlate of "limnology" and thus, -
‘like that term, to comprehend the whole. of the scientific work with a biological
‘objective or of biologicel use, ‘bearing upon the hydrosphere, This definition
derives authorityfrcm,ﬁgmyworks from among which the monumental, and already -
classical work, The Oceans by Sverdrup, Johnson end Fleming (1942), may be chosen :
for citation. The value of regarding oceanography as a correlate of limnology H
may be Judged frcm the success of the comprehensive treatment of freshwater
prdblems in such standard periodicals as the Internationale Revue der gesamten .

. Hydrobiologie u. Hydrographie, and the standard text by Welch (1935) for which
Limnology is the title. There appear to be no adeqpate reasons for the
restrictions imposed upon the term by some workers, who regard it as being
concerned only with physical and chemical features of'the oceans, and even:as the
special preOccupation of naval research establishments. , _ . .

3. Oceanography should signify the study of the oceens as water masses. and of the~‘
biota which inhdbit-them.' If not qualified, as it is in expressions such as -
"fisheries blology", it is & pure science with no limitations upon the range or'
detail of the subject-matter of its enquiry. A qualifying term, euch as "fishery"
signifies en orientation of the enquiries.and a limitation of the field, rather
than & specialized extension, thus, fisheries oceanography is the 1nvest1gation of :
ﬂxzphy31co-chem1cal and biotic properties of the oceans required by fisheries
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sciénce - it does not megn all the technical aspects of fisheries research.

It has & correspondence to terms such as "sgricultural botany".

III. GENERAL CCNSIDERATIONS

L. As a beginning we may say that oceanography holds a relationship to -
fisheries corresponding to that which meteorolog& holds to agriculture. But we
must go furtber end describe it also as the "soil-science" of fisheries. These
- two aspects were discussed by Tait (1952) in his Buckland lectures, from the
points of viéw‘of physical and chemical properties of the sea, respectively, in
relation to fishes. The two relationships include the more general, as well as
the more_particular, aspects of relations of aquafic organisms to the physical
and chemical factors of their environment, as described in the now voluminous
literature on ecology, as well as in classical studies of animal physiology and
ecology. . . .
5. -Fisheries biology has the task of describing fishery resources. Its
programme traverses, in a general senée, six principal phases:
a. If the area in which the biologist is working is virgin, a survey must
be made to determine the general characteristics of the area and of its fish
stocks; the principal compositional features of the stocks must be described.
For most‘of the present fishable areas, such information has been accumulated
in the course of fishing operations and from work in marine biology; &
programme in fishery biology which starts when the industry is already well
developed, must first collate ell this information.
b. The general features of the stocks of the species to be investigated
- must be determined. The species must be correctly identified, and the
~ continuity and taxonomic homogeneity of these stocké must‘be examined.
This work may or may not require the refined texonomic study known as
racial investigation, but it is in any case & distribution study which must
concern itself with details in the bionomics of the species.
c. -The bionomics of the species must be discovered, that is, the general
life~history, ontogenology (embryology, growth and gerontolpgy), including
feeding habits, reproduction and migratory habits.
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d. The compobltlon o* the stocks ;s ‘Lo be. determlned, and if they exist in
v‘separate units, this determlnatlon mdst be -made- for each eeperately. This;
‘ccmpositloaal study concerns :the age, sex, size, maturity and other groupinge
. the poyulation. U T . '
Such aﬂa.ys*s generally rev;alu ) vactua+ion from year to year in
'comko 1t¢c1 of ‘the stocks. Frequently, there is also cons1derable/var1ation
from area io area and between distinet scgments of thefstock, The study . |
should seck, not only to desc:ibe»the‘cpmposition and its fluctuation, but
alsoc ta‘discoVer the causes of these fluctuations and, if possible, to evolve
a meikod of predicting the appearance of the fluctuations.
e.. ‘Fullowing directly frem stage d.., we require the measurement of the
_ﬁrenertieé of.the population. TheSe properties are potentials-for’growth and
repreduction, apd‘represent_vi&bility s o ccﬁplement to the mortality which -
the stock sustains. In thisustage there I effected a considerable
~ concentration of information because, not only must data on the blonomlcs and
-carposition of the 'stocks be reduced to expressioas -ummarlzingythe
: conuequence of these structural features, but +there must also be.z reference
~to. t he physiological, hysicaL.and_other date concerning the factors which
deuermlne‘the properties of the population as a whole. This work should also |
ain at predlcnlon.‘ . o N .
f. The flshery blologist must then collaborate with the fishery economist
and the fishery uachnqloglst in applying the general theory of fishing, to .-
give Preciée expression‘to the relations betwcen the properties. of “the. =
populatlon and the effect of fishing operatvons. - SRR
6. Mhe essential feature of this programue is thot it is concerned w1th
populatlons: its purpose is to develop an embrac_ng description of the population :
88 & Whole and of its response to changes in the env1ronment, including among ‘
such changes those in fig shing intensity. \
Te The fishery biologist's responsibility in respect of these populatlons is one
of two kinds, which may be summed up in two questions. Firstly, what type of
pcepulation, and vhere? And secgndly, of what abundancet The first guestion
belongs, in the main, to.the exploratory stage, the .second to the mansgement stage.
Ina way, alse, these questions are concerned with different kinds of abundance:
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: thoseﬂwhich relate to the avallebility of tre fish to Tishing ¢cperations, and
Athose vhich relate to the’ real sbundsnce of the ctock; these are covered
respectlvely by the first three anq the last three of the stages listed above.
8.. In the following paragraphs we give a brief account of the role played by
oceanography in asesisting fisherics biolegy in describing fishery resources, in
"each of the principal divisions of its wovk. ' ‘ .

I\ OCEANGGRA’HY AND THE DIS TRIBUTION OF FISH

9.1‘ Iﬁ its broadest sense, this is marine zoogeography, but the fishery
, biologist paé tb\press_bis enquiry far deeper because he seeks to establish the
cntogenetic distribution patterns; end; moreover, the seasonel, annual and
even.seculor modulations, for each specles of cormercial importence. The great
oceanographic cruises, of the Chzllenger and others since, have established the
- major features of our pi“tufe of morine zoogeogrephy and yet there remains much
to be done to ensble Uu to evaluete unexploited areas in a way that will give
fishermen the informatlon they need to plan the development of fishing operations.
'10, The zoogeographic accéount of the distribution of marine faunaes is, in effect,
- & generalized one referring to groups of species and to indivicdual qucies where
.these characterize the fauna and serve as indicators of identified conditions. "
' Tae distributlon pattermns usually re*erred to in zoogeOﬂraphJ indlcate the
broedest limits within which the faunas are seen to occur. The more restricted
limits, with}n vhich the various ontogenetic stages move, ‘are not so important to
'zoogeography as they end their seascnal and other modulations are to fisheries.
. But fhe gréatef pattern, as well as its component parts, is the grosser
manifestation of the reaction of the individual orgaenisms to the various elements
of their enviromment at the beheSt of their own physiology. The general
adjustment of the organiem to its medium, in respect of its respilratory and osmo=
fespiratory reqﬁirements, set the general limits within which it can move; |
differences in these requi'ements, between ontogenetic stages, nay give separate
/ distributions to these stages. The nutritional requirements end peculiar needs
in respect of reproductive’hdbits further complicate the picture, as the organisns

!
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undertake fee&ing and reprcduction migrations’in search’of the'situationé where
the necessary conditions are satisfled. It is, pexkbaps; no misrepreséntation to
say thatthe objects of this enquiry are, firstly, to describe the distribution of
the Pish and the conditionsinwiich they are found and, secondly, to find a means .
of pfedicting wiere such conditions will bo feund - as a means to predicting -
vhere the fish will ba. It must be stressed, however, that the accurate account 2
of distributicn requires detailed elucidatlon of the life nistory of the species.
1l. A% present we are concerned mainly with fhe types of founa found in various
situations, with the tagk of characterizing an area ln respect of the composition
of its fauna and, in regions where the founa is knowu, -:ﬁh evd‘ving‘meané of - \
predicting the variations in the dlstribution of elFMPHtS of that fauna and of
ontogenetic stages of those eleaments. i
12, The role of oceanography in this phuse of tbe progromme is, flrst to
furnish the descripticn of the physical, chemlcal and biotic propertles cf the
water masses, and, in doing so, it corresponds to soil science coupled vith
| cllmatologyo When the distribution patterns are revealed, the role of
.oceanography‘correéponds to that of meteordlcéy in predicting the conditions to
‘be found, and the task of the fishasry biologist is then to predict the response

of the fish stocks o such conditions.
SV, CCZANOCRAPHY AND TIE ABUNDANCE OF‘FISH

"13, In this part of the prégramme ve may consider three types of problem having
a common basis. We are concerned, (a) with the natural ebundance of fish in an
area, & problem which has a practical meaning only for unexploited areas,
although a method of estimating the potential na#ural abundance of an exploitOd
stock mlght solve mony of the prob*ems concerning sbundence under ‘conditions of

'exp101tation, (b) with the functuations in abundance which have manifested

themselves in all exploited stocks, whatever the degree of ex&loi’a‘ion, and

(c) with” the special problem of the effect of fishing operaticns on the cbundance

of the sbtock. ‘ , ‘ co -
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‘A. - Wotural abundance

T 14, The assessment of the natural abundance of stotks in virgin areas is a task
of peculiar Qifficulty'whiéh demonstiates, rerhaps more than anyining else; the
- special character of the work of fisheries science and the abstruseness of its
problems. A simple example will serve to imdncatz the nature of the problem and
the difficulties, Somali fishermen have for meny years been catching tunas off
the Somali coast, and for some years a few smell cenneries have been processing
this catch for the export mérket. The canneries would like to expand their
operations, but to do,so they nust increase their catch of tuna. The question ic
do substential stocks of tuna, eccessible to fishing craft operating from Somalie
inhabit the waters of the Arsbian Sea east of © malis, or are the occurrences frc
vhich the fishermen have mode their catch merely sporadic invasions ffun a

. principal afea lying remotely from Somalia? This may be a question of ontogeneti
distribution pattern, the understan@ing of which could lead to a method of
predicting the times and. conditions under vhich these occurrences teoke place, an¢
even of the fluctuations in rélative nuibers of fish appearing from time to time.
But this would still be insufficient: the cannery operators must have some '

" indication of the éctual numbers likely to be available in order to decide the
‘amount of fishing equipment (craft ahd gear) which could be used effectively, anc
of the amopnt of processing equipment which would be required to handle the catel
15; There aré probably two broad avenues of approach to this problem. One is b}
way of evaluation of the area in terms of basic productivity and description of
food chains. This would be possible only for stocks endemic to the area and not
to transients. The other approach is by way of special sampling which, in the

" case of pelagic stocks, may include aerial observation. It may be noted that in
this field of work there is urgent need to eleborate and improve the methodology
of searching and sampling and it seems likely that greater use can be made of

- reference to oceanog“aphic factors as determinents of the behaviour of the figh
16. 1In the more general task of measuring the produ~t1v1ty o; an area, and
relating it to water and meteorological conditions, the oceanographer must take ¢
leading role; the more restricited task of the fishery biologist is to develop t}
understanding of the nutrltlon of the economic speciles so as to be able +to use tl
data on food avallability



- . afconF. lO/L 9
o i English :
‘Page 9

- B.  TFluctuaticns in abundnnce, and thc effect of fishing operations cn abundance

- 17. The structure of the problem was symbolized by Russell (1942) in his well-
'known equation, which says that the difference in a stock of fish between one '
season and another can be represented by the balance between Growth-+Repioduction/
Natural Mortality 4. Fishing Mortality. ‘We may teke these four elements as the .
plan for our enquiry. '

1. Growth
18. The growth of any indiV1dual may be taken to be the result of the operation

of factors which may be considored in three groups, (a) genetic factors, (b) food
supply, and (c) the env1ronment affecting food procurement snd the subsequent
metabolism. Between these arise interactions. In the past, fishery biology‘has"
. concerned itself chiefly with measuring and describing the ontogenetic i
menifestations of growth: it has made Little analysis of growth iltself as.a
~ physiological process. The initial approach has, however, furnished a useful
description of the grosser features of the problem, and some attempt has been made
to measure the relations between rate of growth and food availability and
‘envirommental conditions. Wnether much further progress can be made elong this
line before more detailed enquiry is made into the physiology of growth might be
qnestioned but both types of enquiry requlre much - information from oceanography
on the environment of the fish. , -
19. The first information required .is that concerning food availability; the“"~
second is that concerning temperature, salinity, trace elements and biotic factors
nhichinfluence'the procurement of food by the fish and the processes by which it
digests -and assimilates what it ingests. But the work of fishery biology has |
been concerned generally with estimates of average growth in populations.and with .
this as a means of characterizing year-classes and the conditions prevailing'from
year-to year. Recent work has carried the theory further to attempt to uSe‘Such .
growth as a means of estimating the'biomass production of the population as a_ “
whole. Such work will accomplish & practical effectiveness, however, only after
the underlying physiology of nutrition and growth have been studied further and
. this will mean, as in the study cf nutrition and growth of damestic anlmals, that
~there must be controlled experiments in which both food supply and environmental
factors are at least precisely measured if not actually controlled. '

’
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20 In this field of enquiry, taking 1t to be the respon51b111ty of fishery

blology to measure the growth of the p0pulat10n, the contribution of oceanography '

is twofold - 1nitially in aldlng“uhe dcscripuicn and analysis of these systems,

'and subsequently in prov1ding data for a predlctnon system.‘ In the initial phase '

the contribution is of data on all factors which might directly or indircctly

affect the nutrltlon and growth of the fish. In the prediction phaseithe data

i would concern certaln critical factors. ’ ' ‘ ‘ :

7 2.,7 Reproductlon R

‘ ‘217 Although in the flshlng theory equatlon this term refers essentially to’

recruitment into fishable stochs, the fishery blologlat has somc concern with the.

whole range of phenomena which lead to the reproductlve act, and those which lead

from that act to recruitment. That is to say, there is a concern with sex ratios

l ,and fecundity, with length and age at first maturity and, within each season, of

~ the maturatlon of the gonads, vith the spawning act itself (including

A'fertlllzatlon), w1th embryonic development end hatching, w1th larval and post

vlarval development, and w1th growth and survival through these and the ycung-fish

'stages. Some workers consider that the only practicable approach to the problem

N of replenlshment of the stock is to measure recrultment as it is taking place, or
the. potentlal recruits shortly before ‘they enter the flshery. Other workers

‘ contend that it is possible to enter more deeply 1nto the system and to attempt

' some messurement of the series which connects spawne ers with recruits. Among these

o latter there are some who belleve that, although in general the eggs produced at

each spawning are always so far in excess in nuhers of individuals vhich survive

“Uto be recrults to the fishery, so that little connexion can be found between the

L number of eggs spawned and the subsequent recruitment, nevertheless the brood

strength io determined in the maln by one or more crltlcal factors at certain
crltical p01nts 1n the life of the brood. Efforts at demonvtratlrg this
hypothe31s have aroused some controversy HOWever, it is unquestionable that the
~sequence aescrlbed above is closely dependent upon. environnenta] conditions and
that any understandlng of it, let alove any measurement of it or formulation of ak

prediction system, must make demards on oceanography.
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3. Natural mortality . ’

22. This term is perhaps even more recalcitranf than either "Growth" or
"Reproduction”. We may argue, a priori, that mortality mey be caused by
'predatlon, parasitism, disesse, lethal genetic charGthrs, malnutrition and

_ physical factors such as temperature.and sallnity extremes, but there seems to be
little prospect yet of measuring the result of the operation of each of these

factors scparately or, as an antecedent to that result, the intensity of each
‘factor. Ne%ertheless, again  we must look to oceanography to furnish the fishery
‘biologist with some of the information which he.will require in thié.field. At
the present stage; ratural moftality must be accepted as a sum arrived at after -
deducting mearured fishing mortnlity from estimated total mortality. It might
he possible to correlute variations in natural mortality with variations in
environmental factors and thus to epproach ‘both enalysis of the causes and
prudictlon of 1n+en51ty. i '

L. Fisking mertality ,
25. In this ficeld, oceanoclanhy has a small contribution to mske in respect of

the influence of weather and sea conditions on the 1nten51ty of i 1sh1ng cperatlons
and their efficiency, but we defer further con51deration of this to sectlon VII of

this paper.
2. Fluctuations In sbundonece

2k, A grest deal of work has been done in describing the fluctuations in
abundance of evp1 oited stocks end gnalysing these fluctuations in terms chiefly
of varimtions in strength of brood-classes and in recruitment into fishable
stocks. This work can procced gt various levels - elther with simple description
of the fluctuations and elementary corrolation with various environmental factors,
a course which does not promise much rellabillty in its results, or with varying
degrees of penetration of the analysis into the systems, with the conviction 1
that if relationships are truly identified and relations usefully measured,
prediction systems may bé evolved which have a practical and relisble value.
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"C. TFishing theory
25. Perhops the ultimate objective of fishery science in respect of fishing
operatlons is to prepare for each unit fishery a descripuion of the fish stocks
and of the effect on them of the fishing operations, in order to permit the

- -design of & plan of management of the fishing operations which will ensure the
best exp101tation of the stocks. The descrlption for each unit fishery w1ll be -

_along the lines of the Russell equation, and the dgpendepce of this work upon
oceanographic enquiry is clear.

26. Best exp101tation clearly means that wnich will give t1e best and most

‘sustained ylelds, and it may be signified by the term “fish husbandry” - a .A
coneept which has'recehtly cmerged in respect of marine stocks and which deserves.
considération though the end-result might not be precisely analogous to snimal
husbandry This touches upon the possibility that there might be other dlrect
intervention in the stocks besides the fishing operations. Some speculative‘
thinking has<turned to the possibllity of intervenlng in some of the ba51c

.f phenomena of the sea, and there have been experiments in fertilization. The
realization pf artificial upwellings or of control of the movements of marine

.stocks'is probably not feasible as it would usually involve operations quite

" as smbitious as the fishing potential.

VI. OCEANOGRAPHY: AND THE BEHAVIOUR OF FISH

27 Most of those who make their livelihood by fishing, especially perhaps those‘
;who ‘do it in a small way, know a good deal gbout the movements, shoaling end

feeding hebits of the fish on which they depend. The knowledge is, however, not
“very accessible or systematic and therefore very susceptible of extension and
i'improvement, It will obViously need a good deal of physical as well as biological
getudy to account for the behaviour of fish shoals, and their changes in density,

position and depth with wind, tide and other fecters; the expericnced fisherman
‘i_does not;expect a ccmplete explanation but any advance which would allow him to
improve his gear and methods would be very welcoume. Reports have been given of

fish mpving evay from shoal water before the approach of storms and heavy swell,

'
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of voracious feeding Just beforé a sfonm and even of fish showing awareness of

impending earthquakes, but here too, the information is mesgre and unsatlsfactory. '

Some experiments have becen made on the reasctions of fish to light and sonething
is known of the sort of bottom they prefer,_but in this too there -is much scope
for careful observation and record. Fish behaviour‘might.well be a revarding
study and too little sttention seems to be paid to it: the collection and ,
ifting of vhat can be learnt from fishermen would in itself be useful. But it -
is clear that the tremendous scope of the observations and experiments necessary
for a study of these phenomena calls for all the resources of oceanography 88
well as those of fisheries research. o L

VII. OCEANOGRAPHY AND FISHING OPERATIONS

28. The dependence of fishing operations on the wééther and sea conditions might‘g

seem to need little discussion, but. as oceanography and fisheries science advence
it will always be wise to consider whether more knowledge of the behaviour of the
fish, or of the craft and gear, -in different weather oonditioﬁs, can be used to-
reduce loss or damage and also the time spent on unproductive effort. Methods of
predicting waves and swell, and of obtaining warning of their approech, have -
probably arrived at & stage where they might be used to prevent journeys to!
offshore banks at a time when the swell found there is too high for fishing;

they might also help to prevent demage to moored or beached craft. There is also
mich to be learnt sbout the actual operation of underwater geer and the reactions
of the fish under different conditions, and fresh opportunities are offered by
the new methods of underwater cbsexvation, photography, cine-photography and
television.

5
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VIII. RELATIONS BETWEEN:OCEANOGRAPHY' AND FISHERtES scrmicE =~
R S o
29. Thene 1s really no need to’emph size'thé'importancé of dete on the
environment for a study of any organisu (or population of organisms) and, aa
oceanography is defined here, it is the sc1ence which will furnish the ‘ )
environmental data required by the fisheries biologist. It ig’ reasonable to
argue that flsheries science can no more do without oceanography than o
agxlcultural science can do without meteorology.. But whereas oceanovraphy (the e
. basic study) hes the entire marine hydrosphere as its field of enquiry within
limits set only by the interest of the worker and the faecilities he can secure; 
'fisheries oceanography is to be defined strictly according to the area of .
interest and the very practical probiems vhich confront the'fishe:ies biologist.
- 30, It will be Clear'from the :oregoing, that meny types of oceanographic
'x“'/information are required to solve the different problems found in fisheries
' investigatiOns. Different varidbles have to be observed with patterha and
' intensity of oﬁqervation saited to the fishery problem. In the determinatlon of ;
‘ general limits of ‘distribution of a fauna, or a spccles, broad isotherms, o
" ischolines ondso forth are sufficient, but for more detailed description of )
‘distribution a more precise measurement, with much narrover intervals between the f”
g ;solines, is required. The oceanogrephic programme for flsheries must’ therefore =
T be planned with as clear a view as possible of the—factors,whlch influence the
biologistts problem and of the use which he hopes td nake of the material and
data which are collected. It would perbaps\not be dogmatic to say that, wkere
resources for oceanographic research are limited these should be employed in
probems which can easily be formulated rathcr than in broader fields in whlch ‘
- there 1s only a general hope that the data will prove to be of use at scme
unspecified time in the future, ’

e



. . ¥ . . i . - R f

/ . S 'A/CONF lO/L 9
: - English
AT Page 15

BIBLIOGRAPHY _

- Elman, S.

1953% Zoogeography of the Sea. London, 417 pp.

Essa&s in Marine Biology, being the ﬁicgprd Elmhirst Memorial Lectures
1952  London, 14k pp.

- Graham, M. |

1943 The Fish Gate. Londou, 199 pp.

iesteven, G.L.

1953 Fisheries and Weather. FAO Pisheries Bulletin {Rome)
6(4):109-118. T :

1954 The scope 01 fishery biology. Generdl'Flsherxeq Council for
\ the Mediterrancen, Proceedings and Technlualrw 2¢6 { Rome)
No.2:262-205.

Internsgtionale Revue des gesamten Hydroblolo *e u, Hydrographie
- leipzig, Germany.
Russell, E.J.

'19h2 The Overfishing Problem. Loudon, 130 pp.

Sverdrup, H.U. ‘Johnson, M.W. and Fleming, R.H.

1942 The Oceans: Their Pby31cs Chemlst“y and General bBiology. New
York, 1087 PP-

4

Tait, J.B.

1

1952 Hydivography in Reliation to Fisheries. The Buckland Lectures for
;958. London, 106 pp. o ‘ .

Welch, P.S.

1935 Limnology. London end New York, 471 pp.

-t es wiw





