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Introduction

Readers will be familiar with a widely held dogma of fisheries biology, thud,
the size of a’ year—class is independent of spawming stock size over the wide
range of ‘spa'miing ‘stock sizes that have been observed in exploited fisheries.

The presu.mptlon is that the pelagic environment of the larval fish can support
only a f:LnJ.’ce number of young fish and ‘that this capacity can be satisfied by,
relatively few adult fish, Larval fish produced in excess of this requirement

die as a rvesult of a density-dependent process ; models are at present being
constructed that will show how such a mechanism could be mediated through the
feeding behaviour of the components of the pelagic environment (Cushing, pers. -
comnn,). The little evidence that supports the "classical" concept of stock and
recruitnent has been 'reviewed‘by Beverton and Holt (1957). ‘In more recent.years
the in'berpreta{;ibn has been éhallenged using data for the southern North Sea
herring aﬁd Arct‘é—Norweg’ian cod stocks which demonstrate a treﬁd of decreasing
reci'ui‘hment with dedreasing spawning stock size (i.e. increased fishing) (Garrod
1966; Cushing 1968). The arguments in favour of this dependent relationship have.
been c.o‘u.ntered by the fact that the decline in recruitment that has been cbserved
falls in-a tine series associated with a trend in increasing fishing effort and
night 'equélly be 'explé.ir.ied by some undetected trend in environmental conditions.
The associzs;;cion in tine between these four varisbles - spawming stock,: recruitnent s
ﬁshlng effort and environmental trend - cannot be avoided in the uethods so far
useci to“demonétr.ate the stdck/recruitneht relation, by plotting some index of
recruitﬁént ~or anothef index of stock Size; because fishing effort and clinatic
varié:bibhs develop as trends over a period of years. This paper reports a slightly

different approach, based on the assumption that if the stock is to remain stable

the spawning Stock should on average produc.: encugh young to replace the average

of its constituent year-classes.
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Data for a.';ang' series of A:‘ye.é‘r’—c'insses "g.:'.’ve the-initisl size at recx‘uipment *
of the ‘yee:o-ciesses pnesent in the spawning stock in a.ny cne yea.r. " Thess canthe.n
be 'compared with the ye&r—class'produced in that year to give a'replzicement'.ﬂ:tjnﬁe.
Thus, for the J%.'r'cj:c’>—-No:r'weg:'x.an_c,cd, the yesr-classes of 1 937-1943 node up the najor
part of the spawning stock as 7-13 year-old fishin .1 950, The mean numbex: ho:f‘ 3
year-0ld recruits per year-class 1937-19L43 was 732 X 10_6. The resultant 1950
year-class nunbered 2252 x 10-6 recruits, giving a replacement rate of 2252 x 1 O_—6/
772 x 10-6,_ 2.99. N o
If the. unexp101ted stock is stable the replacement rate Wlll average 1. OO and
under these c:.rcumstances it can be assuned that the natural mortallty and fecund_lty/
survmval rela’c:.onshlps are in equilibriun, In the explo:.ted stock hcwever the
yeo.:r'-classes are subject to an extra nortality caused by f‘lshmg whlch reduces the .
s:Lze of the spaxm:.ng stock to sone proportlon of its or:.:;:.nal s:.ze. Thls propor-
tion can "be calculated if the :E‘J.sh:mg and natural z..crtal:.ty and growth rates are
known. In.practlce,_recent values of the latter twc parameters have _'been used as
constants, :.gnor:.ng probable density-dependent changes. | o
When the potential spmmlng stock is belng reduced recru:.tment can only be |
held constant by a proport:x.ona.te :anrease in the surva,va.l of the eggs spawned
The conputations descrlbed abcve give an index of this' change in surv:.val as the
ratlo of the replacenent rate to the ‘bionass of the spawning stock 1tself expressed
as a proport:x.on of-its- potent:.al size in an unexploited stock, Referrlng agzn‘n‘to : .
.the 1950 year-class of- Arcto——l"om.feg1m1 cod the mean fishing mortaln.ty in the -
.,1937-—1 9&-3 year-classes up to the ycar of pm.:nlng, 1950, was F = O 88 per year-—
class (0.43 per year,assuaing knlfe-edge recrultnent at 3 years old) Je ThlS level
of F, coibined with a natuml nortality (M) of O. 3, would reduce the potentlal '
bionass o:f‘- the "spawning stock to O L3 of .its orlglna.l potentlo.l If the 1950
spawning were to produce a. year-class eq_ual to :Lts parent year—classes (replace—
nent = 1. OO) survival would need to J.ncrease by a factor of 1. OO/O 14.3 = 2. 33
The cbserved repla.ceuent was 2,99 (see abcve), so the total index of surv:.val .
conpared with the requlrenen’c of the s‘bable unexplorbed stock would be 2 99/ O. 43
= 6.95. |
The trends in this mde:e of susrvival have been exau:u.ned for four cod stocks
(Arcto-—Norneglan Iceland, T’es‘b Greenlond and Gulf of St Lawrence) for each of |
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which es‘tmates of year—class strengbh and flsm.ng mortal:.ty can be derlveu 1rus

emsting data by the 'v1rtual populat:l.on' ‘method - (Gulland 1965) For the: Arcto—-,."?

\)'C"* ,. o

Norreglan and. <Tceland1c cod stocks ‘the data heive been 'based on ca_lculatlons of the

,rij f“l
respectlve C% s. \:ork:.ng Groups (I C.E.S. 1968 a, b) e For~the "West Greenland

M.,

cod year—class strength data are’ glven by_ Hérsted (1967) , and’ estlr\ates of flshlng

AL

S FRMC

mort:rl:.'l:y'1r have been recalculated by the v:Lrtuo.l populatlon method usn.ng age com-

Yearb OOkS .

_"Data for the Gul:f' of‘ St Lawrence cod are derlved i‘ron the stat:Lst:Lcs_;
"”w]‘ A 5 1.:‘3 >
feiveh' ’by Palohemo and‘ Kohler (1967) xFor each stock the f:.sh:mg mortal:.ty and

=5 \v_\,,‘ §$w

the a.ssoc1ated surv:.va.l 1nd:Lces have been /smoothed by a Lovn.ng average of‘ f:.ve

Arctoq\Ioixreglan cod in Table 1.

Resul‘bs\ﬁna Dlscuss:Lons " ,_i-"fw" . Jsif%;f;.w‘;v '“

Flgure» "F’ﬁote the long—k‘noxm hlgher varlablllty of’ recrultnent to the West
Greenland flshery. Flgure 2 shows the Plots of lo,. r*u:c*v:x.vel J.ndcx aza 1nst:

:E‘:Lshq.ng mortallty per year—-class ‘conputed as described, Three calculated rela—

't:.onshlps haVe been ‘superinposed’ on this figure to represent the requlrements 1f_
surva.va.l is to vary s0 as’ to satisfy par’clcular hypotheses concern:x.ng the stock .
and recru:.tmen’c relatlonshlp.

e

Ii‘ recrultment ‘is proportlonal to year-—class strenath ‘bhen the replwcenent‘

:;‘rate w:L.'L'l. equa.l the reductlon of spavm.ng stock and the surv:LvsJ. 1ndex W'J.ll 'be
il o 1oge 0.0000,QT this is shoun as 1ine 1. Line 2. represents the PrOgress“e

mcrease in suxvlval that is requ:xred to ma:n.ntzun a constant year-—class strength

(thls 1s the assunptlon upon Whlch assessments are currently based) There 1s a

: th:.rd poss:.b:.llty (11ne 3) ’chat surv:Lva.l would 1ncre&se to ensure :f‘ulJ. ut:.llzatlon
of thevavullable food resources, :1..e. that the b:.omass would renaln ‘constant and
recrultment would. be nnversely proportlonal to the 4b1vomass.w Thls conCept is f M
:.nhcrent 1n the ‘energet:.c‘ approach to populat:.on dynamlcs belng developed by
Paloheimo and Dickie (1968) ' ‘

In F:Lgure 2 the po:.nts have been Joined to follcm the tme series, and in

~.stocks the , '
two of, the/ the Arcto-Nor*.we":Lan and/ West Greenland, ‘the survival mdex;/
fJ.sh:Lng norbal:.ty rel:rtlons are qulte clear, but d.lfferent The West Greenland

stock. follows a llnear :.ncrease in the surv:Lval index, close to that requlred

s N
RPN : : ' . 3o



if recruituent is to be La.Lnta:Lned at. a consto.nt lovel Lo tne ;.rcto-l"or @ ;"‘_;n

ﬂ'stock however, the relation’ shows the :mcrease 1n surnval tend:.ng to. a.n asynp-h

TS ..

totic’ 1eve1: . the lc:fer\pa.rt of; thls. ’curve! _approx:.mates to ‘that ~requ1red_to‘

‘naintain the-bionass of the stock as & whole. There is no indication at any.

point that survival is adjusted to naintain constant recruituent. The relation
forIce],qnd‘ codlis indeterninatbe; -‘da.ta for the pre-’.var years do, not conforu to- .
a.ny pattern a.nd & post-war yeors en early increase in survival as- thoubh to
naﬁ.nta!.n the bionass, has been subsequently podified to a trend whlch would
ma:.ntain yeex-class strength., Overa.ll thege is a suggestion that the total
chan:fe in &urvlval will prove to be asymptotic, as awith the Ixcto—Nonweglan stock.
The tlhe series for the Gulf of St. Lawrenee cod is much showter, but so- far as
1t goes there is agaln a sugg est:Lon that it would follow the 'asymptotic' Arcto-
Nonveg:.an paﬁtern s tut at a highag Jevel. "he difference in leVel would be
related to the 1or3r ape of matur:.ty‘ for thls stock which has been taken into
account j.n the orlglna.l cmputatn.ons of flshln”’ nort;J.:Lty and proportlonal change

-V

in s:.ze of the spawnlng stock. . .

These results cover the perlod (up tlll about 1960) for wh:».ch estlnates of
yearfclas:s_‘strength and f:.shn.ng nortal:.ty\ cz_zn be obta:me_d frouvutuel populatlon
ana\lys:ls.v_v In nore recent years, thoug)h comparatlve data are not ava:.lable, S
rec_:cuituent is kmowmn to h;tve declined in et:l_east_ the Arcto-Norwegian, Icelandic
anc'l West Greenla.nd stocks ’ although 4n the fJ_rst of these there are t'wo excep-
tlonally good year-classes of 1963 and. 196L.... o

The values plotted are not equ:.l:\.brlum values.{ However _one mlght suppose
tho.t J.n tendlng to a new equlll‘brlun survn.val would mcrease rapldly at f:Lrst and
then Jaore slowly, e.nd that a contlnuous :anreaSe J_n flsh;mg Dortallty , Asuch as .
has occurred 1n ‘the Arcto-:Nonn'eglan stock Would promote a contlnuous upward trend
:Ln st;.rrival tow&rds sone. upper.eqzzilihrium level Qulte clearly tha.s has not "
occurred-'in‘the 1‘@to-—Nom¢eaian codl An asynptot:.c 1eve1 of’ surv:.val has been
reached :Ln thls stock and possmbly in the Iceland_lc and Gulf of St. Lawrence .
stocks. Th:Ls sugbests there nay be an upper maamum to the potentla‘.l anurva.val
Such a. level r:ust ex:.st 3.f 1nterspec1f1c varlatlon 1n fecund:.ty is to have any |

) -

evolutn.onary s:.gn1f1c&nce~ 1f‘ surv:.val Were 1n:f’1n1tely var:\.able as requlred o

‘by the dogme. mhy produce 80 na.ny eggs” ‘ ‘ L _
. It W;Lll also be noted tha.t the relatn.onshlps f’ol_low the 1nev1.table t:.me
serles, ; However s 1ook1n{, aga:.n at the Arcto-Norwegn.an stock for which the

he
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asynptotic. level is reasonably established ,- it is clear there has been no tzenl

with ‘l:ime. Hitherto the suggestion has been that reduction in year—ci_ass stref.g?}m{
nay have been caused by poorer conditions for survival, These data show the

average survival to have renained approxinately constant, This neans that the
reduction in recruitnent nust bear sone relation to the decreased spawning stock,
However, it remains prcbable that over and above this basic relgtion the survivai
will be nodulated by environnental fluctuations.

The contrast between the Arcto-Norwegian and West Greenland stocks is also
significant: it implies that stock/recfuitnent relations nay be unique to eaéh |
stock,

The implications of these results are shown in the nore usual s’cock/recnﬁt;
nent relation plotted in Figure 3, where the straight lines represent equilibriun
recruituent and bionass of the spawvming stock at different levels of fishing
nortality (see Gulland, 1968, for further explanation of this type of plot).
tihere the relationship lies above the equilibriun lines the stock will nore than
replace itself and will tend to increase in size. If the relation lies 'belloxAv
the equ.:'libriun line  replacerent doés not czcur and _fishi.r}g‘wi‘ll induce a pro- -
gressive decline in the stock, The full curves of the relations reflect thai_: .
part for which the results 5re available in these data. The relation for .ﬁhe K
Gulf cﬁ‘ St. Lowrence cod is not Sufficiently well es%:ab_lished to place nuch
reliance on its precise forn, and at West Greenland replacenent has been main-
tained at the levels -f fishing cbserved up to 1960, although in view of‘the
increaées in fishing effort since 1960 there nay well be doubt cqncerning _the
Present situation. For the Arcto-Norwegian stock the data span a nuch wider
range of fishing nortality (and hence spawning stock size) , and show the stock
failing to replace itself at disturbinglj low lévels of fishing morbaiity; in~
fact, from Figure 2 it is innediately cbvious that since the earjly 1950s r_ec_‘:rui‘b—
nent has been on ave;c-age proportional to the size of the spavmingé stoqk.

Under these circunstances for the Arcto-Norwegian 'sfock_the concept of an
equilibriun yield disintegrates when the fishing nortality (F) per year-class
in the pericd between recruitnent to the fishery and 10 years old exceeds 1.4.
This corresponds to an anmmual value of F of 0.3 for the fully recruited age
groups, and is below the currently reduced levels of flshlng nortality reported
by the North-east Arctic Working Group (I.C.E.S. 1968 a)., This reinforcés the
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advice currently being presented to the N.E,A.F.C. » that econonic benefit, .and
‘possibly inbreased cabches, would accrue from a linitation of effort, It also.
necessitates a careful reappraisal of mesh assessments, to see how the distri-
bution of fishing mortality with age varies with nmesh size, in order to preserve
the spavning stock, The :ltornative is a protracted decline in recruitment and
stock sbundance in at least the Arcto-Norwegien stock, For the other stocks .the
situation was less critical at the end of the period reviewed here.
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Table 1. Calculation of ‘rvival and fishing nertality indice‘or Arcto-Norwegian cod

- —— - -

Nuiber of Lverage Fishing Total 5-year noving
: rzcruits at Hature number of | Replacement | mortality % Potential survival average Of =
:Year |3 years old | year-classes | recruits rate (F) per biomass of (S) per Log, (7) 7 £ g | Log, (10)
: x 10° (ages 7-13) to (223 (1)/(3) year-class (3)* year-class (5) )
: %10 in (3) in (3)
; (1) (2) (3) (%) (5) (6) (7) (8) (9) (10) (11)
1931 555
;1032 536
11933 818
193k 786
L1935 581
21936 71k
;1937 1412
11938 390
. 1939 298
+ 1950 145
21944 716
1542 L2
11943 1067
5494, 64,2 1931~37 772 0.83 1.02 0.38 2.18 0.779
S 1545 678 1932~38 7.8 0.91 0.27 0.78 1.17 0.157
;1940 680 1933-39 714 0.95 0.16 0.87 1,09 0.086 Ouliy  1.98 0.683
19L7 917 1931~4,0 661 1.43 0.26 0.79 1.81 0.593 0.37  2.43 0.888
11948 1516 1935-41 651 2.33 0.48 0. 64 3.6l 1.292 0.49 3,59 1,278
T494,9 1665 1936~1,2 703 2.40 0.66 0.54 Ly 1.491 0.68 4.17 1.4,28
21950 2252 1937-13 753 2.99 0.88 .43 6.95 1.939 0.88 L.24 1.445
11951 906 1938~1J, 61,3 141 1.10 0.35 4.03 1.39, 111 427 1.452
11952 430 1939-45 681, 0.63 1.27 0.30 2.10 0.742 1,32 L.57 1.519
21953 620 194.0-4,6 739 0.8 1.66 0.22 3.82 1,340 1,52 3,95 1.374
T1954 1011 1941 =47 811 1.25 1.7 0.21 5.95 1.783 1.67 L4.06 1.401
11955 672 194218 925 0.73 1.8, 0.19 3.8, 1.345 1.81  L.59 1.52
1956 860 194349 1031 0.83 - 1.89 0.18 .61 1.528 1.88 4.92 1.593
11957 963 194450 1200 0.80 1.95 0.17 Leo71 1.550 1,95  L.66 1.539
11956 1152 1945~51 1238 0,93 2.00 0.17 5.47 1.699 2,01 4.51 1.506
11959 906 191,6~52 1202 0.75 2.09 0.16 4.69 1.545 2,08 3,85 1.34,8
271960 5L 194.7-53 1194 0.46 2.1 0.15 3.07 1.122 2.17 3.2 1.230
. 1961 220 192,8~51 1203 0.18 2,21, 0.14 1.29 0.255
11962 340 194.9-55 1083 0.31 2.39 0.12 2.58 0.948
3

* The bionass of the spawning stock under nean mortalities at (5) expressed as a proportion of the unexploited mature stock
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