ﬁf'lzation s views, at that stage, of its responsibility in reaspect of
+ natural resources; and after indicating the typss of 1nternat10nal
"~ action which the Organization might undertake and offering a- defxnztlon

- Becretariat has been able to make some further development of ite 1deas
s many of the active workers in thig field. The purposé of the present

_hf'paper is to report thesc further developments to the Council and, in a-
. “somewhat more practical way than was possible at the time of the flrst

'ﬂf ‘l1ke to have Wlth “the Council.

L mofssfofess oo
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A Note on the Fisheries Resources of the ICES ‘Area R . 3 Eig}ts\izatior sptCJTsored
. . . j ..o by Thunen-Institu

.'by

Blology Branch Flsherles DlVlSlOn, Food and Agrlculture Grganizatlon'fff
: cof the United Natlons :

TNTRODUCTION

Lo In a paper presented to the 42nd Meeting of the Intérnational SRR
- Council for the Exploration of the Sea, an account was gzven to’ the '
‘Council of FAO plans for the development of a programme %o gurvey the s
living aquatlc resdurces of the world. That paper reported the Organm'

- of the world survey, & roquest was made for collaboration between the f“"
‘International Council and FAO. - Since ‘presentation of that paper, the

“on this matter and has ‘had the advantage of discussions with a great

© paper,. to indicate the kind of information whieh the Secretariat is.
assembling and the kind of collaboration whlch thc Organlzatxon Would

The scope and-obgectlves'of'the“résources-édrvév e

i The f;rst paper to the Council llstud flVo prlnclpal categorles_
. of elements which it was thought werc involved 1n resources survey. It
3 '18 worthwhzle to repeat thuse elements h@re° : ' : o R

"1Q 'Comprehen51on of tha relevant speclal propertlos of llVIng
L. resources and of the purpose of a survey as & guide.to- ::_T
'-further human actaon‘W1th respecﬁ to these resources,-;'qz'“

. 2;_'knowle&ge of the’ uses Cof dlfferent Kinds of organlc prOw e
©“duots and of the possmble means of obtaining them so @ . ¢
.. that the scope of the survey can be narrowed to. practl— S
'cable llml'{;sg o o ER . : Seles
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'  N;truatm snt of data which is contemplated, applied to the particular circum~ -
. stance of the ICES area. It is in two parts, the first of whioh summarizes:
"-g'oceanographlc data and the second examines certain statistics of commercial:

:'3 .of tréatment of these statistics. The submission of this material is in ff

. shown on-this diagram. Neither of these systems corresponds to the .

"“.Wlth brluf characterlzatlon, below.

' .Water originates in great part from this arsa.

:Vif'II. North Atlantlc Subpolaxr Reglon

C reglon”

- production under currsnt modes of exploitation, but it is the matsrial out
of ‘which will be constructed the greater account of these resources. . The
- second will permit of interim evaluaticns of different areas and it will ..
be combined with the first as and when we become posscssed of reli&bie
estimates of the efficiency of conversion of material and transfer of
energy beﬁween BUOGGSSIVL llnks in natural food chalns,-_ B

The notbs whlch follow glve & prellmlnary 1n&1catlon of thc klnd of o

o per ations and presenis some theoretical discussion of the poss1b111t1€s3

~accordance with the proposals made in the note on this project submltted
~ to the Councllfs lagt mecting. The Division hopes that it may havu the:ff?
Councll g comment on this material in respect of: '

'1° The schbduie of data being assembleds

2. the sources of daba to which reference has been made ox i
: could be made; R

o 3, -the accuracy of da‘ta9

'; 4. the arrangements that could be made to a551st in inturw'f_ S
SRR pratatlon of those data in the sense of the survey plan._nff;ﬁTf

“"NATURAL" REGIONS OF THE TCES AREA -

-'V*H.; The admlnlstraﬁzvc d1v151on of the North Atlantlc betweon the B :
International Council for the Exploration of the Sea, and the Int=rnat10nal?:
Commission for the North West Atlantic Pisheriss, is shown in Figure 1.
- The clasgification of ococanic arcas which the Biology Branch of: the FaQ.
" Fisheries Division proposes to employ (Kesteven and Holt 1955) is also UHJ*

;:classzficatlons which have besn made on cceancgraphic con31deratlons and :
for the purposes of the survey programme it seems desirable at least toff?*“
. examine the division into the so~called natural regions and 4o congider. g
~whether it would be preferable to use that classification. One consequence

‘of such & decision would be that ICES and ICNAF might nesd to be consulted:
-~ concurrently in respect of certain shared regions. The "natural't reglons:T{
- of the North Atlantic are shown in Figure 2. The ICES regions are listed, -

':QFI;' Atlantlc Arctlc Ragion.

Sl "This is synonymous with’ the "High Arctlc” of Ekman (1935) and Wlth__
Sohott‘s (1942) natural and blologlcal "Arctic" regions. .

__ o The rogion is covered with ice for the grbatbr part of ﬁhu year.- It
has no importance for fisherics. The arctic bottom Watur and 1ntermbdlate

R This r¢gion is synonymous with ﬁkman s "Low Arotlc", Wlﬁh Sohott‘
" natural ”North Atlantlc Subpolar Ruglon” and wzth hlS blologlcal ”Arotzc



- between the Labrador Current and the Gulf Stream. The orgenic production’

" . Bhetland current and the Norwegirn current. The Norwegian current forms_
& counter—-clockwise gyral in the Norwegian Sea, This arca jrcludes the

3.4_5-m3 -'J'
“‘the mixing zones between the East Greenland the the Irminger Currents and

- is high; especially to the: west and soutwest of Iceland. These areas are
- important feeding grounds for the fish which use the Icelandic Shelf for L
--;spawnlng. - _ _ _ L

*TQIIIc Norwegian Sea, Facroes Waters'

SR f The warm surface water of this reglon orlglnates from North i
. Atlantlc Drift Current whoss Nortlhermbranches are here called the Faroes— :

Norwegien Shelf (with an area of $3.000 km2 and mean depth of 200-300 m. )"
"~ and part of the Iceland~Faeroes Shelf and Wyville-Thompson Ridge which = 7.
. has a total area of 115.000 km® with mean depth of 200-300 m. The average;ﬁ
8111 depth of the Wyville-Thompson Ridge is about 450-500 m., and the: RENES
greategt depth 1g 575 m. The surface temperature in winter is between

RERE to TOC. and in summer is between 5 and 12°¢. The mean surface. sallnlty 3'

The bagic organic production is high, especially on the edges of these.

S 'is around 35%0, being somewhat lower near the coasts. The summer surface -
. " phosphates are medium to high. The highest summer phosphates originate i
- from the mixing of the Zast Iceland current with the North Atlantic Drift -
o Current east of Iceland, and from the mixing of waters around the ridges, .
~the Paerces Islands, the Jan Mayen Shelf, and partly on the Lofoten Shelfq”f

shelves,  Somewhat lower preduction takes place in the Norweglan gyral L*:fT
'area with 1ts ‘old‘ surface water. '

”fIIId North Sea Waters

ST _This avea is a part of the Northwest European Shelf, the" total S
- area of Whlch is 1.050.000 km? and the mean depth less than 100 m. The 52T:
. 'mrea of the North Sea is 575,000 km. and of the English Channel 75.000 km” X
.- the mean depths are 94 and 54 m. respecitively. The Atlantic water flowa
- in through the English Channel on the south cnd from around the Shetland
- Isles on the north. After mixing, the low salinity Baltic water flows:
cout along the Norwegian coast. The average temperature of the surface
- water is between 2° and 6°C. in winter and 13%o 17°C in summer. - The -
- surface salinity is on the average tween, 33%0 and 34.5%0. The summer:
. gurface phosphates ars low, C ~ 0.2 f L, and the winter phesphates are
~around O.5pgat /L. Owing to the generally hizh stability of the water; .
- the phosphates are brought to the surface mainly during the auntumn turn—.

' over.  The basic organic production is medium. Since all the area is ﬁJ.Vf

.'33Shallowg the spawning grounds and the benthos make the area: one of the

s the world. Since the oceanographical and biological problems in bracklshfc

LU most important fishing grounds in the North Atlantic.

Z*HIIIe'-Balﬁlc Sega Waters.
': The Balt1c Sea is one of the 1argest bracklsh Water bodles in  f.

._'{water differ considerably from those of oceanic waters, and numerous new : -
L factors enter 1nto the plcture, this region is not dlscuSSed here.rg,jnz'




j _-7_m _
 ”must eventually be made in 1nterpret1ng avallable data.-_fV

The result of an attempt to estlmate the annual bas;c organlo pro~" N
duction in the North Atlantic is presented in Figure 5 . This is a more *
. detailed presentation after Fleming and Laevastu (MS); +the same factors.

. having been considered. Some of the earlier estimations of baslc organlc
: productlon in the area ere summarized in Tgble: 3 - R

o 'f Although consgiderable work has been don@ on the banthos blomass for
most of the ICES fishing grounds, there remains a nsed for a summary of

'f_ the:data in the form of maps. An example of the representation of the-
- guantitative distribution of benthos biomass is presented in Figure 6

. which relatés to the Barents Sea. Some data on the size of henthos:a*i
' blomass in the North Atlanitic are presented in Table 1. S

" ECOLOGICAL AND FOOD RELATIONS OF THE PRINGIPAL MARINE
BIOLOGICAL GROUPS LN THE NORTH ATLANTIC

The precedlng sections have related’ to the oeeanographlo and

'. espec1ally the biological characterizmation of the ICES area and of the

‘sub-aress into which it can be divided. The eventual discussion which we.
wish to have is of the total production of various links in the food
chain in each of these sub-areag leading to an examination of the use of
guch production made by man. In order to pursue this line of dlscusszon,
it is next necessary to consider gquantitative measures of the relatlons

L between the various elements of these systems. :

(a) Water content

5 ‘The following figures rolite o biomass {wet welght) For caloul- . =
“ations the following mean values for water content are taken: Plankton 85%,
Benthos soft organic tissues 80?, Fish 75%, Organic matter of sediments 0
. 65%. Water content in deep water sediments (globigeiina = ooz, diatome_ff}'
- aceous, 0oze etc.) 50%; shallow water sediments 40% (Vinogradov, 1953, .
SVerdrup, Johnson, Fleming, 1949). . e

(b) Pood coefficients

L MoCinitie (1949) sstimates the food coefflclent to be 1: 10 between S
. every pair of links in the food chain. - Some refinement of thzs coefflclanﬁ-;
is proposed in the following paragraphs. > -

: Zooplankton 1 15 This value is arrzve& at from values glven by
Gauld (1957/55)Taschnov (1939) and others, and from consideration of the Y
variation of the Ffood coefficient from season to season because of the_gﬁ}f-

b availability of the food. In middle and high latitudes, most aguatic

animals have a limited growth period in each year and in the other seasons
. the food they can get seems at best only for ma;ntenance and they may even;
o have to go complebely hnngry. : o S

Although the bacteria and colourless flagellates are 1mportant food

mo/ss/iofesz




'  'boundary for benthos in quantlty._

. Publlshed statlstlcs 1ndlcate that the relatlon between damersal i

: and pelaglc catches in shallow areas is on the average 1:3 whilast only S
pelagic figh are taken in deep areas (the migrating demersal flsh ary. not
considered)., Whether these indiaations correspond closely to the natural
situation is a matter yet to be determined., Although large numbers of - -
pelagic fish are present in shallow areas, such fish do not necessarlly SR
gpend all thelr 1ife there tut at least they use the area as spawnlng ﬂq o
i ground. : S . _

: From {1) calculauzons of the filtration capaclty of zooplankton, f{

'-_ (2) gra21ng rates and the relations between standing crop of phyito—~ and’

zooplankton, (3) estimates of the amount of subsiances assimilated by zoo—: :

“plankton; and {4) the relative life length of organisms, it is calculated . -
that about 65% of the annual phytoplankton production must pass through the
“digestion of zooplankion. The rest is used for reproduction and sinks: jj;.3
" ‘after death to the deeper layers or %o the bottom, where it degenerates., '
. This means that 1 g. of annual phyboplankton production (wet welght) glves 2
a maximal 0.043 g. of apnual zooplankton production. One g. of standing .
crop of zooplankton must then correspond to 23 to 115 g. of annual phyto~.= v
plankton production, depending on the latitude, the average mimber of. w
'generatlons belng 1~5. In the case of two gensrations, the value 1s 46 g._;f

. : o It is estlma%ed thaﬁ at the most about 30-60% of zooplankton isr~"r
used as food for fish, considering (1) the reproduction rate, (2) $he
extensive depth distribution of zooplankton, and (3) the suitable and the
. preferred food items in respect of plankton spectrum. Using 40% ‘B8 mean
veluey, 1 g. of annual mooplankton production correspohds then to 0.04 g. =
- of annual pelagic fish production. Assuming that in the North Atlantic,

the zooplankton standing crop reproduces itself on the average twice (twé[f}_":

generations) (Wiborg, 1954), 1 g. of standing crop of zcoplankton then
- would correspond-roughly to 0,08 g. of annmual production of pelagie figh. =
- An average standing crop of zooplankton in the North Atlantic (0.1 g/m3);;;;ﬁ
integrated over 200 m. depth range, could in a year produce 1.6 g' of ol
'pelaglc flsh under one squarm metev of surfac : o

' There is roughly ACH of calc%reous and chltlnous matter and 60%
of organic soft tissues in the average biomass of benthos. About 50%- cf
the soft organic matter is estimated Yo be available asg figh food, and | i
assuming 70% of it is tsed by demerssl fish it results that 1 g of benthoa{j
biomass satisfies the special food msguizinent of 0,084 g of annual produc~ .
tion of demersal fish, considering the food spectrum given earlier in thlsff
paper. One g of standing crop of demersal fish corresponds then to 11.9 g i
.. of benthos biomass, 3.5 g of pelagic Ffish and 1.5 g zooplankton per annum. -

. Most of the above-described reslaticns are repreuenue& in Tables 4 and 5

STANDING CROPS OF MARTIE 'BIOLOGIGAL GRCUPS | DIFFEREM'
NORTH ATLANTIC AREAS AND THETR RELATIONS TO THE PRESENT
COMMERCTAL CATOH OF FISE =

_ As shown in previous chapters, we must con31der noi only the f1;- “
annual basic organic productlon but alzo numercus other factors, 1n




. .f:11”;  
Benthos on the go”n#;ine'nt.a_'i‘éhelf_ 14z ién kg** |
i?Benﬁhoé”dutéide the éﬁntiﬁeﬁfal shelf 0,27 x 1Olli'"u 1 T 5:U *':“
'?1ankton.6n"tﬁalcoptinehta1 shéif“:'f : '8 1'1011  "_'  f:L
Plankton cutside the continental shelf 4 x 1011'

Alﬁogether, 25 30 x 104} kg., exclusive of fish and mammals._. 10 S
Steemann-Nielsen ?1952) egtimates a total net production of 1.5 x
tong carbon per year in the sea, The estimation by Rabinowitch (1945) ls
about one order of magnitude higher. Riley (1949) estimates the average 11
. stending crop of fish in the oceans to 0.9 g/m2 which woul& give 3 2 X 10
g kg. fish in the oceans ag a whole. S

' Gon51der1ng the above estimatlons and the disoussions in earlzer '

chaptérs, the standing crops of fish within certain dbroad limits have f  S

been eatimated as follows:

1. On the Continental Shelf
s ggf}g g Lotitudes |
0.6 g/m? démersal fmsh
1.4 g/m pelagic fish
40 N = 40 S latitudes:
0.2 g/m demersal fish
0.7 g/m pelaglc fish
2. Oceanic _ | L .
o Horth and South from 40°N and S latltudes respectlvely .
1.0 g/m pelagic flSh

40 N - 40 S latitudes
0.4 g/m2 pelagic fish

In order to test how the values, estimated for food relations in the ear~;‘
lier chapters fi% to the expsrimental values for fish population studles,.

a caleulation is made for the Icelandic waters, Using the values for -
‘experimental fishing for Faxas and Breida Bays, (Fridriksson, 1948) and B
estimating that the trawl covers ca 150,000 m2 per hour and catches’ 50%:;:1

- there must be a typographlcal error in the ZenkGV1ch paper where
o tons are given in place of kg

If;i .EAO/55/1G/6831_ : €
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COMMERCIAL CATCH OF ICES AREA CONSIDERED IN RELATION
TO RESOURCES SURVEY

Wo now con31dbr the harvest at present derived from the resources g
in terms of fish catch, arguing backwards ito g¢stimates of rotential suSDaln— S
able incresase in harvus% as ¢ach limiting factor is removed (in resource . -
survey we congider only the blolcgical factors and their dirsct rulatlon to
properties of fishing gear).

For this purpose we select the unit fish stock as a part of the _
regource susceptible t0 separate treatment. The stock is thus considered as i
a partial system, and the method of procedurs is to attempt to link this with
the other elements of the scosystem (the environment of the stock), consider- -
ing each relation in turn. We find that we may usefully group certain'ele+"_
ments togother (as we did when we considersd benthos, peslagic fish, demersal
fish and so on) and in particular we shall find that we have to give special
consideration to the problem of describing the simultansous exploitation of -
several specieg by the same fishing units. BIREEE

The fundamental propertiss of the fish stock that we seck to
describe are: ’

(a) Its identity and general location - its cxistence as an’
independent populationy the bounds of its distributions

{b) The behaviour exhibited by the individuals or groups of = -
individuals {schools) composing it; as by changes of -
habitat at certain stages in the life history migratidns '
within the general area of distridution; local movement.
in response to various siimuli; and other forms of
activitys

(¢} Its magnitude.

ICES area studies under (a) aré well advanced and it should not prove diffi- - =
cult to make summary maps of unit stooks — this nceds doing. Property (b) .
determines the accossibility of that part of the resource to ths available . -
fishing sguipment (gear, vesssls) and although findings of studiss are .
important to rescurces survey, the subject is of marginal interssi, belong~
ing partly to the resources survey and partly to the sxpleitation programme.-a'
Analysis of property (c) is the central problem. -
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Similar procedures can be followed for dealing with line an& other T
'flsherlbs, but there is a further difficulty in reconciling the aliernative
catch~istpleth diagrams that mighé be drawn for a particular stock with the
possibility of being exploited by different types of gear, for which the.
relations of sslectivity to size of fish are differsnt. For example, Whera“'__
as with a trawl or other "bag" net such as a seine, the fishing mortality . =
coefficient is, to a first approximation, constant at all ages of fish above

a certain age at Tirst capture - which is determined either by tlhe pattern o
of ‘recruitment or by the size of mesh ~ Rollefsen's (1953) and other data ' .-
1ndmcate that this is not so for hoock and line gear, but that the 1nstantw R
aneous fishing mortality coefficient may vary in a curvilinear manner. S
(p0551b1y exponentlally) with age of figh. The same is undoubtedly true R
of entangling nets, such as drift gill nets and trammels. We see then that .
in general the mortallty coefficient ig some funetion - but probably usually“_-
& rather simple funetion - of the size or age of fish; that each kind of
fishing unit has a characteristic function; and that for trawls this is of
the simplest possible kind. Now it is possible to define an amount and
selectivity of one kind of fishing {say trawling) that will result in the
same sustained catch and have roughly the same effect on the stock mag—?
nitude as any given amount and selectivity of another kind ¢f fishing.

(say lining with a given size of hook). It is thus possible to transform
any one isopleth diagram referring to one kind of gear to an equivalent
one for some standard fishing method, and it is convenient Yo take - o
trawling as the standard.

- Im this way we can, for the purposes of resource appraisal, =~ =
define standard exploitation conditions in bioleogical terms so that the - -
sustained catch may be used as a basic measure of stock productiveness;l

Befcre passing to the next stage of the argument it should be -
menﬁloned that there are many ways of simplifying the procedures of drafﬁm-_- 
ing an isopleth diagram and subsequent operations. A paper dealing with '
this matter is in preparation; the matter is of considerable importance if -
the appraisal methods we are describing are to be used in a general survey
of world resources. It is sufficient hbere to say that simplification ecan.
be achieved at several levels -~ some standardization of methods of obser-
vation and presentation of data, compilation and critical revision of data.
on special subjects such as growth of fish, mathematical approxzm&taon, R
and short cuts in computation and plottlng.

On to isopleth disgrams of steady catch, other summary’ curves may
be. drawn indicating certain aspects of the conﬁour pattern. The most’™ :
important of these is the eumetric fishing curve, showing the basi selec—-fn
tivity of the gear for each particular fishing mortality and from which
may be deduced the eumetric catch curve giving the maximum steady catch:
as a function of the amount of eumetric fishing. Iri the other lins
(shown dotted in diagrams A and B}, adjustment of selectivity may be
limited for technical or other reasons, and for sach ags at first
liability to capture we impose the best Fishing mortality. (On this i
curve lie all points of "maximum sustainable catch" obtained when only -
the variations of smount of fishing is considered as a factor governing =~
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7o = age of figh at recruitment

\ _ L
;¢ = fighable life span
L Mﬁhan.;{, ST ;f>a "
£ty TN S ) ara .
+1, —3; +3 and ~1 respectiveiy
When g is 1arge and tr émall, és may.oftén be assﬁmeé; thisﬁ'jif:“”‘”

approximatea to

r xR « €K /Prod. Z{%m: nk/

The other quantlty ig the asymptote, the yleld and if'is'fdun¢Q°f
to be given by ‘ - SEURTETARE

¥ = Rebe W (3K)3MM/K /(M

v and r ars llnk 3d by the approximate relation
N AR :/I_; —21F/y “7
¢, = ¥/

 “ .7/-'1 + g—2er/y/

3+M/K

where Oy is the eumet:ié steady catch, and v is a constant lyingzbétweéﬁf {
zero and unity. ' : R

It will be seen that the oquatlon for y (and also indeed that -

.for r) containsg” only parameters referring to the recruitment, growth and5fi

mortality of fish in the stock, all of which factors are measurable, and
it would seem { hat myasurement of these¢ factors and their use to compute.

yield would be an important part of any survey and appraisal work. - It 0

might be argucd that for this population model these parameters have
been assumed to be constant, and since it is expected fthat for example
growth rate is in reality dependent on the density of the stock, our:
deductions would be invalid. However, we suggest that this First
approximation might be taken as a working bagis frem which to develop

more coémprehensive methods of estimation, and in addition they seem to_: "

help in sorting out the kind of data we need to analyse, and link up
widely differant kinds of observation. - It is an advahtags to use.

terminology and methods that are applicable equally to marine and R
inland resources, and to culfural practices as well as simple exp101ﬁhiifﬂ_
ation of wild stocks., Further, we would hope that in dolng tbls we' may o




© the diagram into segments in some of which there is universal improvement -

- ;19~__1]_

dlagram, ch0051ng agaln for preference the partlcular contour paSSlng BT
through the reference point of observation. The lines intersect; outtlng

in all characteristics, and in others there is universal detriments Whllst
in others one characteristic is improved to the detriment of one or both
others. :

. Two examples are glven here of this pracedure (flguras A and B,__%*“
but see also Kesteven and Holt (1955)), the material being taken from .'*'
Beverton and Holt (in press), and referring to the plaice and %he ha&&ock
stocks of the North Sea. As it happens, in both these cases, the curve: S
for average weight of fish, used as an index of "quality" coincides alw.- S
‘most exactly with the lower parit of the curve for magnitude of catch. The. '
two Yoptimum'" lines are shown to indicate relief om the dlagrams, and to
provide an opportunity of marking in the yleld, :

: Such di~grams can be the basis for t schnical, economic and social
¢valuations by suitgble transformation of the co-ordinates. Thus, F is

proporticnal to standard fishing intensity, and catch and effort can be
converted to value and cost to obtain curves for net economic gain. Dia=

grams for different stocks can be compared to show conditions under which -
more valuable species begin to decline in yield in relation to léss valu~ .
able species. Again, diagrams for different types of fishing, for example, -
line and frawl, may be compared by superposing them dircctly or transform- .
ing first into cost-value diagrams. All this, of course, concerns the eval-
uation of operations under current conditions of exploitation, but we may -
indicate the values of both yield and the ratioc Y/F which show the limits =
of woonomic production sustainable with currsnt exploitation methods. o o
Thon, as information bscomes available, similar contour lines might later
be drawn to indicate the c¢ffects of certain types of intervention, such as jq
transplantation, predator control, and so on. :

We believe that diagrams such ag these will serve as a first o
attempt to reduce to simple terms the cssential information about the mag—raﬁ
nitude of the exploited stocks that is obtainable from the records of SRR
fishing operations and catch and from special research projects. - As
presented, they refer only to single species populations, but similar.
presentations can be made for mixed populations; the nrocedure lS then
considerably more complex but not different in principle. : :

Consideration of the situation where more than one species is =
taken by ths same gear provides an example of this procedure, and incident~
ally illustrates the practical value of distinguishing yield from catch as
we have done. Figure { shows a combination of the plaice and haddocgk
evaluation diagrams. Here, since ths relation between codend mesh siZe. b
and t is different for the two species, the scale of the selectivity axis ;'
has for both beun transformed to mesh size., The fishing mortality co—. "
efficient is expressed in rolative instead of absolute terms, so that the
two reference points of observed state, 0, coincide at unity. In this.
cagse only the two charactorlsﬁzcs, of catch, and catch per unit uffort,.
have been plotted. Again we see that the diagram is cut into several .
sectors showing different degrses of advantage or disadvantage (see figure s
1egend) Irn this diagram not all pessible combinations are dlstlngulshed,
but certain groups of segments have boen blended to show the general

'7}'ﬂmg/55/fo/6831. j“;, '
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Standing crops of benthos bi&ﬁass in the North Atlantiéz

R

* TABLE I

and adjacent waters

Lommunity and -

. mo/ssfi0/6831

Theoslity 1 I Author 0
and Depth i other Remarks ; R At
i ; . .
| | —
 North Sea 'i Venus gallina comm. . % {
i Nuoule nitida var. 30 - 130 | { B
i Tellina fabula var. 5-10 Anon., I~ - -
| Behinocardiwn cordatum - 500 | 1934
i Var. i :
Aonides var. 10 i
North Sea 500 § Petersen, Jcnsen,“
' | 1911 .
Forth Sea 244 ! Moiseev, 1955
l' . .. :.:
North Sea Macoma comm. 7 - 31 Hagmeger, 1925 .
Helgoland Bay Syndosmys comm. 105 {acc. Sp&rck,-
- Venus ocomin. 25 - 28 ? 1935) '
Amphiura comm. 38 - 233 !
Kattegatt % 35 Petersen, Jensen,fﬁ
. . : - 1911 | L
- Kattegatt - Venus comm. ; 27 -~ 101 _ S
Amphiura comm. ;139 - 220 i Belgvad, 1930 -
Haloops comm. i 55 ‘ iR
0ff Plymouth ? 100 Harvey, igéoﬂv”i" |
E ]
Baltic Sea | 15 Pgtarsen, Jensen,ff
1911 -
Southern Finland Gyttja bottom 25 - 206 Segerstrale, 1935-3 o
Waters She
Buropean Seas 20 - 250 Moiseev, 1955,57L*
Barents Sea 100 wo e
Barents Ses Bdgoes of bonks and ; 100 - 500
continental shelf R PR
Greatest part of the 50 Pilatova, -
Barents Sea 1938
Desper partes against 10 S
Atlantic
| E
i



Standing crops of plankton biomass in the North Atlantlo

(Zooplankton maznly on the basis of Hensen net catches)

_..29..'.... .
TABLE 2 . .

Ocean

rao/ss/i0/6031

~Locality - Season mg/m3 Author .Bemarks::l3
- Zooplankton -
- Skrova IV-VIIT 1949 32 ( R
1950 63 ‘ Roughly calm'
- 1951, . J118 culated assumlng
B N 9 md filtered.  :5ﬁ
- Beggum IV-VIII 1949 49 and 1 m/ dlspl-:-:ff
3 1950 184 vol. = 50 mg
1951 . . 196 “ blom._ :
Norwegian Seag- SN ‘
| Weather Statlon IV-VIII 1950 46 2 Aftor Wiborg,
lIMH - . - 1951 38‘ 7 1954
Norwegian Conti- E
nental Shelf | 280 -~ 560 | { . Maximum
- (.
Owkegr part- of ‘ (
o Norwegian Cont.
: Shelf 180 - 280 Mazximum _
o£t Plymouth Average 37 -'80 | Harvey, 1950 °| Recaloulated - -.
g . ' ' c - assuming 70 m.depth. - -
._'horth Sea .. " 59 - Wimpenny,1953 | Recaleculated - .o
B - assuming 50 m.depth
."'European Seas " 50 ~ 140 Mbisee%, 1951 |
Barents Sea " .'140 i ‘ -
Summer 230 Taschnov, 1539
L . Winter - 50 . :
8.W.North sea Febr.March 152-3%7 Krey, 1953
 Phytoplankton | ' o
Off Plymouth Average 115 - 135 | ~ Harvey, 1950 Recaloulated R
L : assuming 70 m.depﬁh
" " Jung (min.) .21 . ( Atkins and - Recalculated :
L . April (max.) I 400 ( Jenkins 1953
- Barents Sea: Vegetative period.| 500 - 600 Zenkevich,
r o 0-30 mo | 1947
. S.W.North Sea FebriMarch . 8.1-103 - Krey, 1953



%f_ 31 " 3_ R

T4ABLE ega) (Contd )

Plankton hxomass f*'

" Locality Season  Authority ¥
: . in mg m

7. Cape Cod'to Feb. 1930~1932 3200 oo
' Chesapeake Bay | April  1929~1930 ; ' 400
S May — 1929-1932 | 640
June 1929-1932 560. o
July 1929-1931 ‘ 640 7
October 1931 ' 320

o Martha's Vineynrd! Sep+. - 0ot 7935 | Clarke and Finm Coo3e
o ‘ Wov. =- Dec. 1935 ' (1932) 560
| Jan. = March 1936 720 -
April - June 1536 96 -
July - August 1936 ‘ T2

" Qulf of Maine July - August 1913 Bigelow {1926) V. 280
S S © 1916 , | _
March L1920 . 160

April 1932 Fish and Johnson 560
May 1932 (1937) Coer2
June - 1932 168
August - Sept. 1932 ) : 128

September 1933 Redfreld - 168

October 1933 {(unpubiished data) 104
December 1933 : 136

January 1934 96 -
Mazrch 1934 40 0.
April-May 1934 128 - ¢
May-June 1934 : 208
June-July © 1934 : 26
September 1934 . ACQ

u

" Bay of Fundy VooApril 1932 Figh and Johnson e
L - May 1632 (1937) S 152
June 1932 160
August -~ Sept. 1932 B TR

. Tova Sootiam, Tay 1915 Huntsman (1919) 360
0 Newfoundland June 1915 ‘ . 200
. Shelf _ . July 1915 Lo _ j 270

- TGuif of St. - | ' May --June 1915 Huntsman (1919) ”. ".200; ”;;g.j_
- Lawrence -~ ... - August - 1915 _ oo 2000

*’_‘West Groenland. ~ ! Auwgust - - . - 1924 | 'Stpxmer (1929) L1360

CmO/5/10/6031
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TABLE 4,_}-'

© Food coefficient, spectrum and average utilization- _"'
Ce by differsnt marine bioclogical groups .

e e Average food Average food 7% of util~ Biological; Remarks
B X - | hemarks.
R iclogical Group Coefficient Spectrum ization Turnover | o
- Bacteria colour- Organic detritus
" less flagellates Bacteria (dissolv.
B organic matter)
. Phytoplankton 65 15-50%
T o daily
. Zooplankton 1:15 80% zooplankton 30 -~ 60 1-5 yearly| =
T (1:20 with | 20% bacteria and mean (40) .
| bacteria) flagellates -
- Pelagic figh _
- I stage carniv. 1210 100% zooplankton 20 E
-~ II stage carniv. 1sg 80% I stage carniv. (
. 20% zooplankton _ g o
" Demersal fish 1:10 50 benthos (15) -
' 35% I stage carniv. 18
figh year
_ 15% zooplankton : S
" Benthos 136 45% org. detritus 70 S ' fEO%fff;ﬂ
R 20% zooplankton of org. organic
20% phytoplankton soft : csoft Con
15% other benthos | tissues tissues
' ‘ : e inooo

biomass




TABLE 6(a)

The relatlen of annual basic production to the commercial catch of fish in ICES area

(preliminary values)

. 4 Estimated Total in 1000 tons
ICES Area Statistical | total fish- Area 400 n. : Relation -
;. bea Division ‘ ; Area nr. ing area in depth in 7 Pelagic/
' | ! 1000 kn? 1000 km? Pelagic | Demersal Demersal
Barents Sea T E 16 352 0.05
830
: Spitzbergen g _
“E.Digtant Bear Island T B - 76 -
Northern Norwegian Sea ITla 1920 90 £26 515 1.22.
. Seas Island Gr. Va 410 ( 62 724 {
- - : { 115 (0.08
. Faeroces gr. Vb 180 { - 64 (.
_3 Fast Creenland XIv 780 60 - (194)
1095 704 1925
Transition ; Skager. , Katteg; IlIa~c 90 90 123 168 0.73 =
oo areas and Sognds | -
- Baltic Sea ) | Palbic Sea art 390 1390 (67) (46) 1.46
480 | 480 . [190 214




o _ TABLE 6(b) _ _

- MThe relation of annual basic production to the commercial catch of fish in ICES arca (preliminary values)
R Gran/ o Commercial catch.in phyto— i average basic % of .basic organic
U spatistical ram/m plankton equivalents organic prod- prod.removed by.

il RUATLERLe g biom. per m uotion in g commercial catch
L ) " Pelagio Demersal ) T phytoplankton [ . .
: -Pelagic Damersal higmass/mZ}year Pelagic . Demersal
_ (0.52) (1070} 5600 .
IIb ( - « (
ITa 0.33/7.0/ | 0.27/5.7/ 190/4000/ 450/11.700/ 4600
e C osorrear § o ¢ e
1 " %O;.];ﬁl@.%_? 51.3__ 74 %65_/_’3_127 %2650_;_’_1'4.20'97 ( 14.000 E 0.5/%7 g;ﬁﬁgﬁ/‘* SOEo
XIv - 3700
| ‘ A T [31007 | oa 5200 [T
IiTa~c 1.4 1.9 . 805 - 3900 - 2| 105
S ‘ N | - 3700 :
- ITId S G
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Figure 9

Estimation of averoge standing crop of zooplonkten biomass in the Morth Stlantic Dcean

in summer (mz/m3)
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Figure 11

Distribution of benthos biomass in Barents Sea (g/m2) and the composmon FEE
of principal groups {after Brotski, Zenkevich and Filatova) :

b Petroski Region, Barents Sea
H Karinski Region

HI Central part of Barents Sea
IV Northern part of Baorents Sea
VY White Sea

Yl and Vil Karskoi Sea

Arcbic numbers indicate the average bmmuss in g/m-'z

RN Bwq[ves : R % Crusmcea
AR 2 _Polychuem'.f s 5, Geph)frea. o
B 3',_. Echinoderms.. - . 6. Ot_hé.rs" .




EVALUATION DIAGRAMS FOR NORTH SEA pLMCE,
PLEURONECTES PLATESSA.

'.,mcmcm 200 gms.
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FIG. A

(1 REcION OF BOTH INCREASED YIELD AND
INCREASED YIELD PER UNIT EFFORT

BB COMBINATION OF FiSHING INTENSITY AND
SELECTIVITY GIVING BOTH A DECREASED
YIELD AND A DECREASED YIELD PER UNIT
EFFQRT

fod

MMM} wcrEASED YIELD BUT DECREASED Y!ELD
PER UNIT EFFORT

EE===1 REGION OF DECREASED YIELD BUT INCREASED
. YIELD PER UNIT EFFORT

ALSD DECREASE (N AYERAGE SIZE OF FISH -

o33




EVALUATION DIAGRAMS FOR NORTH SEA HADDOCK,
GADUS CALLARIAS,
19 4 — Cateh =125 gms.
X per recruit
DL Unif fisp 3
Eeo— 20 gm,, por 2 MD”QL
fee,wf. is F
> {
"“_“‘“‘“‘_""'-'_“m-—"‘*“'"—,'
£ LN
o | ‘\\ j»\:‘ield=I93 gms.
f per recrutt
5 ‘L. f"
B —
= Eﬁwc fltil
— — Catch=25 gms.
per recruit
*p-i _____
A ! 3 I
0.5 LO 1.5
F
FIG. B

REGION OF BOTH !NCREASED YIELD AND
INCREASED YIELD PER UNIT EFFORT

COMBINATION OF FISHING INTENSITY AND
SELECTIVITY GIVING BOTH A DECREASED
Y{ELD AND A DECREASED YIELD PER UNIT

EFFORT

§NCREASED YJIELD BUT DECREASED YIELD
PER UNIT EFFORTY

REGION OF DECREASED YIELD BUT INCREASELD
YIELD PER UNIT EFFORT

ALSD DECREASE iN AVERAGE SIZE OF FrSH

C.633




COMBINED EVALUATION DIAGRAMS FOR PLAIGE o HADDOGK. .~

sz

b N\\\Q\\m \\\\ \&\
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BHEHDAHEE  YIELD OF CATCH PER UNIT EFFORT
BECREASES FOR BOTH SPECIES

CHARACTERISYICS OF PLAICE CATCH
IMPROVED AT EXPENSE DF HADDOCK

’
Z
L

CACT TC BF HAGDOCK CATCH |

EDA XPEN EO PLAICE R

TSI GITHER DECREASED YIELD OR CATCH PER Lo DR
T UNIE EFFDR‘F FOR awe ea_ssm SPECIES. - . (o e T




