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Several Inmiurnational Commissions ard other bodies are concerned with
Sie reguiar settisg of sonual catch quotas, or other measureg for the
inagemoat and sonservation of the resources which are their reaponsibility.
Agrreement on the level of these quotas is more esgily reached if they are .
AETCAMINGa On 50me owiective scientific criteriom. Thus both the International
Whaling COMMLSGLON {in rvlation to baleen whales in the Antarciic), and the
interaaciana: Commigsion for the Northwest Atlentic Fisherics (in relation io
o€ aeroang on Georges Bank) have asked their scientific advisers for guidance
on o correct catch levels. Apart from the continuing difficulty in making
precise assessmonts concerning any wild animals, this guidance ig difficult
36 provide without some agreed bacis on how the "correct™ catech should be
caleulated. This note is intended to reoview some of the poasible bascs.

Sustainabie yield

The concept of a sustainable yield, or maximum sustainable yield io
Lades un o sinplified model of a natursl snimal popnlaticn. If such a
popuiation has been reduced below tho limiting carrying capacity of its
wivirormerns it will tend to increase, In the simplificd case the rate of
‘nervase wiil depend solely on the abundance of the population {or the
abundance of ine exploitable part of the population).

If whe annual removals by man {catoh) are equal to the annual natural
Lacyease, cilearly the size of the population will remain unaltered, and such
3 catch can be sustaincd indefinitely, For such a situation the sustainable
yicid can be defined as being egual to the not value (rate) of natural
increase, and represents the rield which can be maintained indefinitely while
alno maintaining the stock size at the sane level.

Phis natucal aincrease, and berce the sustuinable yield, is small for
oy small populations -~ at least in abzolute value, if not as a proportion
of the popuiation - mnd is also small For lavge populations as they “approach
the limiting value, It will be greatest for come intermediate lewvel of
population which is the population abundance giving the maximum sustainable
yield (1SY)(cee Figure 1), ‘

if 4$he population i less than the level giving the MSY, no catch greater
than the sustainable yield can be maintoined for morc than a short time, The
population will be reduced each year; Ly an amount equal to the difference
between the catch and the sugtainable yield. The sustainable yield will in
turn be reduced, leading to an ever facter reduction, which, if the amount
caught is maintained by fishing harder and harder, will in a fairly short
time lead to the "commercial extinction” of the stock,

On the other hand, if the population is above the MSY level, calches
greater than the sustainable yieid correcponding to that population lovel,
can be maintained indefinitely, provided that they are not greaster than the
MSY. Thic ic becausay as thepe catches redues the population toward the MSY
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level, the sustainable yield will increase, When the population is reduced to
the level at which the sustainable yield is equal to the catch, then the

catch can be maintained indefinitely without further change. The "maintainable
yield" may then be delined as the largest calch that cuan be maintained [rom
the population, a1 whatover level of stock size, over an indefinite period,

It will be identical to the sustainable yield for populations below the level
giving the M5Y, and ecual to the MSY for populations at or above this level.

Lag effecta

The simplified descripiion above doeag not in fact fit precisely the
whualr situation in the sea, Two main divergence® may be mentioned: the fact
taat the net rate of natural increase will depend on past events as well as on
the current abundance:. secondly, there are many sources of variation, other
than exploitation, in the abundance of populotions, The first of these is
particuiarly significant for whales, 2nd the second for some fish populations,
especially in temperate and suvb-rretic woters,

For whales, the uet rate of natural increase in the exploitable part of
the population is usually expressed in numpers, and is the difference between
tae number of animals dying from natural = non-fishery - causes, which will be
306 falrly constans proportion of the number in the current stock, and the
numbers of young animals — sae recruits - entering the exploitable stock,
which will be proportional to the numbers of mature animals alive some years
sreviously, If the zbundance of the stock is changing, the concept of a
sustainabie yield becomes complicated, Suppose the stock has recently been
reduced, then the recruits during the year will have come from a parent
sopulation that is greater than the current mature stock, The number of
recruits may then be appreciably greater than the number of natural deaths, so
that quite a large catch could be taken, and still leave the population at the
end of the year the same size that it was in the beginning., However, such a
catch could not be sustained indefinitely, since the number of recruits in
later years will degrease, For such a stock a number of different terms may
need to be defined,

The repiacement (actual) yield for a given year is the catch which, if
waken, will leave the abundance of the population (or the exploitable part of
the population) at the end of the year the same as at the beginning. This is
specific to a particular year, and includes no concept of continwity. Even
i the replacement yield is taken in one year, it is unlikely that the replace-—
ment yield in the following year will be the same, unless this population has
remaines at around the ame abundance for some time (not less than the time
spali between birth and recruitment).

The term "sustainable yield", by definition, refers to an equilibrium
situation, and cannot be used in a situation of changing stock sizes, The
yield that might bc taken can, however, be compared with the equivalent
sustairable wisld, wroch may be defined as the sustainable yield from a
popuiation of the same abundcance (or with the same abundance of the exploited
phase), which has been mailntained at this abundance for o long period, and
which hence is the value that would be obbained from reading off the yield
correaponding to the .bundance on a figure such as Figure 1,
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It is evident shat 17 ths stock (or its exploitable phasc) has recently
beca decrcasing, and thoe recruits are the offspring of an earlier and larger
parent otock, the replacement yield ig greater than the equivalent cuotainable
yield of the present stock size. If, on the other hand, the stock has recently
been inercacing, the replaccment yield is equal to the difference between the
recruitment from a smaller parent stock and the natural mortality of the
greater present stock, and may therefore be lower than the equivalent
sustainable yicld pfeither the parent stock size or the presént stock cige,

In a situstion .in which the otocks have remained abowe the level of
naximum sustainable yicld, the maintainable yield, as defined above, which ia
wgaal to he maximun cusiaineble yield, ig not affected by recent changec in
Suosik sizé, Lf the stocks are changing below the level of MSY, howevey, the
mamriaingole rield 1s neither ogusl to-the adtual yield, nor to the cgquivalent
sustalnanie yield of either paprent or present stock size, but will be at a
ievel betwcen the equivalent cUstainable yields of these two stock sizeso,
liaantenance of the catch at the level of maintainable yield will ultimately
lead to an equilibrium gituation with a stock size in between the original
"parent! and '"present" stock sizes.

It should be noted that if tho stocks have recently been decreasing, the
maintainable yield is lower than the replacement yield, whereas if the stocks
have recently been increasing, the maintainable yield is the higher of the two,
Any catch lower than the maintainable yield, if kept at the same level for a
for z sufficicnt period of time, will ultimately lead to 2 rebuilding of the
stocks, even though at short fterm it may cause some decrease,

It may be of interest to consider some of the reccent ctock and yield
¢otimates of the Antarctic fin whalca in the light of the above considerations,

xatural fluctuations

For fich, in the narrow scnsc, the lag effects are lesa disruptive to
the simple model than natural fluctuations, among which changes in year—class
strength are the most striking, Where differences in yecar—clags are very
iarge, it ir likely that when a strong year—class enters the fishery the
stock will increase whatever catch is taken (Within practicable limits); when
. succecnion of strong yecar—clagses is replaced by a run of poor ones, tho
stock may decrcace if even firhing is cut back virtually te nothing., In this
situation it is difficult to talk about a sustainablc, or maintainable yield,

However it is precisely in the situation of a declining stock, with
sirong year-classes being replaced by weak onen, thot seientists are often
asked for advice (e,g., regarding herring in gubearea 5 of ICNAF), Some%im%g
the advice is requested in general terms, allowing tho scientists to desccribe
the cituation in detail, but leaving the decision as to the control measures
(such ag the level of catch quotas) to administrators, A4t other timeo the
administrators cammot decide evapily among themaelvoa on the amount of catch
that should be taken, and ask the scientists for an explicit figure of the
"correct" or 'desirable" catch., This requires some objective basis for
determining this, analogous to the sustainable or replacement yield for whales,

The simplect case is when the abundance of recruits (strength of the
year=clags) is independent of the abundance of the parent stock, All thai
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monagelent can de 1s moke the west usc of whatever rcecruitment happens to
ccecurs  That 15, to maintain Tishing at whatever is connidered the optimum
2oTitlon on the yield=per-recruit curve, The choice of the positiom of the
permam 15 net nimply o bioclogical matter, unlese it is chosen at the lovel
v toe maximum yield per reeruit ~if this oxists and occurs at a moderate
Sovel of fishing, Usually the optimum level will bo that giving slightly lesc
tonan the maximws yield per recruit, but at a much omaller fishing mertality.
Urlesa there are marked density—dopendant changes in mortality or growth

Wikl optlium will occur at some fixed value of fighing mortility,* For those
fow iusheriec which are foriunite unough to have immediately available a
imezsurs of total effert wiich provides a measurc of Tishing mortality
ronsistent from year to yoar, the optimun level of fishing can be defined at
oncc in terms of total Jishing offort, without the need for year to year
adjuctments,

wowr anfficultics of standardization in a multi-national or multi-

geaw T.o..eny, Or changen in tac offcetiveness of a nominal unit of effort, will
teas ont das amount of fiching in eoch year will have to be controlled in terms

o1 vowal ¢rteh.  The scienticts can, in principle, given adequate informatian,
S teCuwiate what the value of this catch should be, taking into account the
wwoingti: of the yenr—classes already prescent in the fishery, ~nd thosc thnt
wil. recruit during the year in question, This catch might be defined as the
"eatch Tor oprimum harvesting rate",

Citen a precise optimum level of fiching mortality cannot be defined,
or wmot be agreed upon, It is still possible to calculate the catches
... wack year which would be reouired to attain any prescribed value of fishing
< v wiufe  These valucs mny bo those which occurred at gome previous fime
wien 13 was velieved that the fishery was in a better condition (in some
Jeneral, uncpecified sense) than the present, or some convenient figure, which
the scientists believe approximatec to the optimum condition. In this way
i selonticts, without pre—emptingthe adminigtrators'duty to decide on the
cojestive o management, con provide some figurcs derived in a resgoncbly
. oTLVe WAy, on which it mny be possible for agreement to be reached, An
Luipaw o sueh caleoulntions are those made by the Assesamoento Sub-committee
. LCWAY Jor the cod stock at Weot Greenland,  This stock undergoe:n
nederatsly strong year—clags rluctuntions, and estimates have been made of
the catches requircd to attain fishing mortalitici of 0.8 and 0.6.

Ao most Jishostocks there is a reasonable likelilicod that changes in
the sbundance of the adult gteck brought about by fishing will have some
cffect on tne average level of recruitment, though the extent of gsuch effeotfs
af no% e knosm,  “hen they are known, various eatch ratesz cen be objectively
acwermlsicd,

* 4 nay be notca shat the optimum fighing mortality, oxertad at a ocongtant
rate aurang the whole of its life, above the age at firot capture, is the some

Yor any porength of ycar—clacs, bul slightly larger catchos would be obtained

by fishing less hard when the fish are young, and herdcer whon they arc old,

1.c. concentrating catches morc at the age when tho biomals of the year—-clase

is &% its maximum, The fishing mortality in a particular year wpich leads to

tnc greatest catch over a period will be mean of the best mortality for each
yorr-ciade prosont, weighted according to their gtrengths, If the year-classos
sev ecual, this will be egual to the optimum constan? rgte for a single yecar—
ciass during its ontire life, If there ir a big variation in year—class

sirength there would be vome theoretical advantage, other thinga yoing equal,

.n fishing slignhtly harder when the strongest year—class present is old )
{cince they will not grow much more, but will guffer lgsscn by natural mortality),
.nd 1ess hard when strong year—claoses havo just recruited. Hoyevgr t@a
thooretical increanes in yicld are not likely to be grea?, apd it is simpler to
xeep, ns the objective, thc came constant fishing mortality independent of yearw

class changes, ES



Tae meaagement of zalme.. stocks generally corresponds to thic situation,
“he reision vetween spawning stock (cocapeniint)  and cubuecuent recruitmont
Le adual.y known, and nermally aas a maximum at some moderate to high level
WD svawning stocks  Catches 2re wdjusted te obtain some deaired level of
scapenents  Thic might be the level giving — under average conditions - the
saximan recruitment, though o more nearly optimum strategy would be to take o

rather iarger catch, cuch that the immediate gain in incrensed catch, would be
morc vhan the oxpected losc (with or without any diseounting), In such a
cituation 1t 15 possiblc to dofinc purely on biological grounds, a catch for
azxinum recruitment; and also, ucing ooth bioldgical nd economic considerations,
& catcn for optimum spawning (or optimum cscapement), The nature of the

calmon fisheries —~ the movement of the pre-spawning fish through the fiching
arca during o short cencon and the spawming and subscquent death of all thoge
a0t caught - makes relatively cagy the visualization of the cafches as defined
nere, sinee thoy are cqual to the number of fisk arriwing at the fishing
grounds, lesa the eccapement required for maximum recruitment, or the optimum
cucapement respectively, However, the came definition could apply to any
fishery, though in practice it orn only be applicd in these few fisheries For
which the stock/rocruit rclationship i well known, It miyy be noted that these
definitions lcad to very great fluctuations im the catch that should be taken,
Tre population of the stock (run) that iz harvested docrcases rapidly with
decruasing run, and falls to zero as soon as the size of the rumn drops below
the target escapement,

Unfortunately, for most fisheries there iz little firm information on
wne relation botween adult stock and average reeruitment. An obvious examply ¢
of the resultont difficultics in defining objectively any speoific catch quota
~u cacurring Tor both the herring and haddock on Georges Bank (sub area 5 of
ICHAF)}. For the haddock there hac been an unprecedonted run @f poor year—clagsoeco
(08¢ of 1964 to 1970 inclusive), which,combined with exceptionally heavy
fiching in 1966 and 1967, hds reduced the ctock to o very low level, Though
tac more vocent of the weak year—claascs (since about 1968) were associated
witi = low purent abundancc, the earlicr onos can form moderate to large
stocks =~ in fact stocks of about the same sbundance ag those giving the very
Lurge year—ciacses of 1962 and 1963, Thus although it is highly prdbable
that the decline in adult stock is among the causes of the run of poor ycar—
elasses, it is certainly not the only cousec,

The ICNAF scientists have therefore pointed out that the sensible poliocy
i o take action to build -up the gpawning etock, since this will almost
cerpninly anercase the probability of future year—classes Leing of average
ctrength or better. Howover there is no guaorantee that, even if in the extrome
sasc catchec are cut to zcro, there will be amw inereasc in recruitment
compared with what wowld have occurred with unrectricted fiahing.

“his means tnat, since there is no good knowledge of the stock/racruit
JesdBiont, InCre is no catch unicuely detfinable on scientific grounds as the
best catci, thougn the optimum policy, for a stock at a low level, must lie
wetween catching nothing (for the most rapid re~building of the adult stock),
and Tishing at the rate which makes the best use of those fish which have, in
fact, recruited,

A catch that cor be objectively defined, which will often lie in this
range, and which may also be o reasonable citeh to take for the henefit of the
Jisnery, is the replacement catch., This con be defined, in eractly the same
way as befere, as that catch which will ensure that the stock at the end of the
yea: 1 the sane as that at the beginning of the ycar. The stock in gquestion
courd ¢ the spawning stock, or the total fishable stock, and itz magnitude
cou.d bc expressed either as weight or numbers, e uge of numbers makes
calcuiations ecsicr and clearer, )
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For wxampic recent reperts of ICHAF's Assessmant Sub—committec have get
ocut the changes in the nuw.sers in the Georges Banik haddock stock, separating
additions through recrurtment, and removals by Tishing and aaturzl mortality.
Thus during 1970 there wers 16 million recruits, and somn 3 million fish died
through non-Tishiig causes, i.o, a net natural increase of 13 million Pish,
anich was about Twice the csntch in numbers (ca 5.3 million), However because
e doathe {dacough both Tishing ana naturcl causes) were mainly of large
el (Arerigl age in U,S. landings was o.0 years, of 2.4 ke weight), the deaths
Ce. Welzhi) were much larcer thor the w2ignil of recruits, thouwgh this was
w05t U uliased Wy the growth of the s.rvivors. Thus the catch of 12 100 4

e ostues to the noed natwal aulitions, i,e. the catch was equal to the
See.nleoNT GAvch, in weight, though less than the replacament cateh ir numbers.

The scuopiatenent catcl var..e very greatly. Thus between 1G58 and 1€

Lo netural draths in the Georgo. Bank were 5 million fish and the recruita
iy 1o.alolon the stoek, 15 aambers, could only be maintained by introducing

akallool Jishoento the growsts, i,e, o replaccment catch oF fivus 4 million
~isn, LConversely, whoen : vermr strong vear—class recruita to the rishery
the replacement cuteh would o lorge, and recuire » fishing effort well in
exceas of that giving the optiswn moriality. The variation in the replacement
cateh, definea in terms of weignt, will be less severe, Even so it iz clear
that the replacement catch cannot be nsed 31lindly as the determinant for the
catch to oe taken in sny particuw ar .casor, It will, however, provide some
zort of guiie as to whether the >roposed action will imprave things (proposed
caten 13 iess thaa the replacc.ent catch), or allow them te set worse.
Unfortunately .t 1s not a perfect guide, For example the average condition
of the stock, ovir = piriod, wi.l only be maintained if, when a1 strong year-
class 1z er -r1-.; taw fishery, the opportunity is taken to build up the stock
to baluanee i occasions when poor year—classes cocur.

Regulatioc..;, suca as caic. Tuotaw, 9dased on a catch defined in terms of
a particular narvesting rate wouid svem to form a better guide, Though the
optinun mortality cannot be detornined unless the form of the stock/recruit
relation 1s <nowrn, an optimun rate (for ary given economic or soeial policy)
can be ecaioulnted on the ussunpiion o conatant recruitment, If the stock is
at a low level, the optimum rate, i recruitment is affected by the abundance
of adult stock, must be somewhat luss. Thereforc an upper bound can be set on

the desirablc level of catch., Further, various aessumptiops,can be made
concerning tne form of the stocx/rccruit curve, and the corresponding relation
between {ishing mortality and sota: yicld calculated, The scientific advice
could then bo presented in four columns, the first would list the poseible
objectives, and assumptions thot could e made about recruitment, the second
and third columns would then give the shing mortality neccssary to achieve
the ovjective, and the corresponding catoh in the forthcoming season, For
example, for a purely hypotheticel stock the information could be given as
follows:

Objective necruitment Cptimum F Catch
Maximum physical yield donstant 1.2 110 QGO0 %
" " " moderately density-
dependent 0,9 84 000 %
" " " strongly density-
aependent 0.6 59 000 t
Maximum econcmie y;eldl/ constant ‘ 0.8 76 000 ¢

" " " moderatsly density—
dependent 0.7 68 000 t

" n " strongly density-
dependent 0.5 50 000 t

l/ For a certain set of assumptions on costs and prices

While thiz still leaves a wide choice open — a range of over two=fold =
the more extreme values might be ignored, so that the real choice may not be
large, and the information provides a useful bagis for determining management
action,
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meonomic considerations

The definitions o tne ierget catch have been made largely on biological
froeunds. It is not the aim of this note to discuss the various objectives that
s v Gaken into accowts when setting regulations, However it should be
stressed tnat,under nearly any circumstances; it will be more desirable to fish
at 2 rate somewhat below the level giving the maximum sustainable yicld, rather
than at the maximum,

4lso, in a depleted stock calculations can be made of the replacement yield,
or equivalent sustainable yield, but this should not imply that these are the
propar ovjectives, Rather action should be taken to rebuild the stock
{capeciaily of whales, whore the recruitment is nearly proportionzl 1o tha
adult stock), This iz done most rapidly by cutting the catches to zero for a
period, The optimum strategy between this (making the greatest present
sacrifice for the maximum long—term benefit), and merely maintaining the
situation (making no present sacrifice) will be determined by a number of
factorn, mairl- ecconomic. This will include the relative values placed on
pregent una fuvure catches, alternative employment for the excess men and
wquipment in the present fisherics, cte, For example it would*be much ecasier
-0 stop for a periou the off-shore herring fishery on Georges Bank, since the
VeBECLa concermea can easzily switch to other fisheries, than to do the same
for Antarctic whales,

The general policy to be followed by the management body — to aim for the
maximws physical yield from a given ctock, or some lesser physical”yicld but
with greater cconomic benefits, to rebuild a depleted atock cuickly, or merely
wrevent its further decline — must be determined by that body taking all
Jactors iato account and camnot Mo decided pursly om biological grounds, What
van be determined by objoctive scientific calculations i the actual procedurc
te be followed - speeifically the catch to be takem in each season = to
implement the caosen policy. This notc has been concerned purcly with -
dizeussion of thi. sccond step,.

SUlunary

The sugtal.uc:ie yiold, or maximum sustainable yield, has been used to
srovido, on an oujucTive gcicntific basis, target figurcs for’the catches to
we taken from a heavily oxplolted stock that is under regulation, The simple
concept of sustainable yield docc not, however, provide a completely adequate
guide when the biological system is complex, Certain other cuantities are
defined whach correspond more closely to the biciogical reality;

Taw replzcoment y.eld (or actual yield) is that catch which will leave
“ae zbundance of the stock at the end of the year the same as it was in
the veginning.

Tac equivalent sustainable yield from a given ptock is the sustainable
c12ld from an equilibriun stock of the same abundance,

The mainitainable yield is the yield that can be taken from the stock
-ndefinitely over a long period, It may cause some iniiial changes in
~ac gtock,

¢ catch for desired harvesting rate is the cateh that would be obtained
wy exerting a particular desired fishing mortality during the season in
ogucstion,

o or other of these will provide a better muide for managomenty depending on
Toe naure of the divergence from the simplc model, In whale populationa the
WL,or nivergence i the lag between changes in adult stock, and changes in
recruntient ; replacoment vield or maintainavle yield are the mogt ugeful, In
nany Sish stocks {luctuationBin year—clasa strength aremore important: catch
Tfor desired harvesting rate may be botter.
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