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Introduction

"The variability of recruitment to a fish stock is vcrywhigh‘and
prccludes the choice, ffom the data alone, of a curve describing the
dependence of rccrnltment on parent stock.. An attenpt was made to extract
the constants from the curves of Ricker (1954, 1958) and of Beverton and
Holt (1957), for o number of fish stocks: +tuna, cods, flatfish, salmons
and herrings. It was hoped to gencralize from a considerable body of
data on disparatc s stocks. The attenpt failed because thé differcncos in
cons tanto within a group of fish were as grcat au thOuC betwoon groups.
A method using a log log plot was trled.
liethod

In Ricker (1958), variahce was roduecd by plotting rgpruitmont in
logarlthqg cn stocks in logarithns. The sinplest rolutlpgship of this
forn is ‘ . .

R = a.Sb .o (1)
wherc R ig receruitnent and S is stock in the same units,'and wherc a and
b ﬁr» congtﬂnts; The slopc, b, is an index of the degree. of dcnaity
d0pendonco, but it docs not properly estimate. the den31ty—dcpcndcnt |
mortwllty. The cquation dvvclopod by Beverton and Holt (1957), but not

used by them, is rclevanti-

R=c So—gs_ . N (2)‘r

=4 .t -
where o = © 2 (uz is the donolty—lndcpcndent mortalltJ, and tp is the

age of rocrulﬁﬂent) and B is the don31ty-dopcndcnt nortallty for a spcc1-

fied time perlod. This cquation ~1VC° a curv111noar rclationship on a-

log log plot, and the slopey, b in oauﬂtlon (1),0 stinates 8BS very roughly.
However, it 1s_probab1y good onough $0 estab71oh differences between
groups of fish. The only virtue of this method is that the variance about
the slopc is minimized by twklnn 1ogar1t’ms. _

When b = 1, recruitment incrcases with utOC{, an unrcgulated state.
then b > 1 rccruitment, and as a con»cqucnccf,utock, increcascs sharply
during the period of obscrvation; Vhen b < 1, recruitnent is dependent
upon the density of the stock. A crlforlon of donglty dependence was
that b should be significantly less than unlty.
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About 2L stocks werc analysed and classed in six groups: - pink salmon,
red salmon, Atlantic herring, Pacific herring, flatfish and cods. Thore
are also data avgilabiquf;om one stoclk of yollqwfin tuna. Henece it was
possible to average the constants fron cguation (1)ff6rlcdch gfoﬁp; The
~ slopes arc negotive for tuna; cods and flatfish, and positive for the
herrings and salnon. Pigure 1 shows the stock-rceruitnent curves cstina-
ted in the seame units, with the constants averaged from cquation (1);
These curves sheuld not be regardcd as standard curves for any
group, but only show the order of difference between groups; The
Pacific salmon have virtually onc age group and so the data groub round
the point of rcplaccement. lorrings hévo norc age groups, and cods and
flatfish have many more age groups, and so the data tend to spread to .
the right; It will be secn that the dogma that rccruitment is indepondent
of stock size 1s most noorly truc for flatfish;_ The control of Pacific
halibut and of Morth Sea plaice was conceivod and put into cffcct, 'tal_:ing .
the dognn as being axiomatic. But it docs not apply to the other fish,
particularly to cod. |
In Teble 1 arc shown the sources of the data for the curves of
Figurc 1. Mot all the obscrvations survived the tost that b < 13
Figure 2a is conposcd of zll thosc surviving the test and Figure 2b
oompriscs all- the observations.
Figure 2 shows a rclationship betwecn the slope frem cquation (1)

and an index of fecundity. Dstinmates of fcoundity for such an array of
stocks arc not aveilable. I have assumed that {vt\QL the gonad veighs
0.16 U, ot spawning. Diancters of oggs arc known and if eggs and fish

are of about the same density, an index of fccundity is given by

‘ 0.12.11- .
WV . .
: —-——-3—---, where r is the diameter of the cgg in mm and VW is cxpressed’ .
I

| in mg; It is o fictitious cstimate of fccundity, in that no indiﬁidual
or sanplc hos so many cges. Rolative differcnces are based on differences
in Uw‘and in cgg sizes; so it is assumed that the nocon feceundity of a
virgin stock would be given by a fixed fraction of this index.
The regression of the focundity index on b is significantly differ-
ent fron zoro., 1In Figure 2a are plottod‘only those data where b < 1,
significantly; in Figure 2b arc shown 2ll the data, irrespective of
this tost. The figurc shows all the slopcs and onc can sceo vory.blcarly
the positive slopes for the salmens and herring and the negotive slopes
for the demersal fish. It is worth reccalling that the salmon, as large

as cod, have large eggs and that their fecundity is very low.




« .Thp_figuro expresses the dlffer0n00° between tock und rccrultuont B
curves in o nothcr waJ.s ”horc focundlty is hlgh, donolty dpendcnce is “
stronu onough to gcnorutc a negatlvo slopcs - typlcally the curves for 3
demersal llSh in Flgure g arc of this charectcr. Uhoro focundlﬁy ig
1m1,ﬂun»1tv doPOndonce is wealz, as in saTnons and horrlng The 1mp11—
cation is tha ot tho truc form of a utock/roorultncnt curve noy be doveloped
from an os t1uqto of fccundlty. If the relutlonghlp is as éinplcvdévit |
SCems, ﬂnotbor 1mp11c tion is that the dens 1ty 60pondonce is an offect

of the denulty &cnorated by a ulnglc parent. lhlo vould nuko sensé'if
Lluh viere a flxcd distance apart, cven in spawning shoals. A bigger

otock 5prohd~ over a vroutcr arca of soa, aﬁd then dlffercnccu in dons1ty
dopcnéenco arc onoratcd Ly dlfforences in 1ecund1ty only. A further
conucquonco ﬁuut bc thﬂt the stock lu v1rtuglly robulated on thc 1arva1

drlft bot"ocn upwwnln ground und nurﬂory ground, unlcss thoro 10‘61

mochanwsn fof r01nfor01ng dcn 1t10 -;?é; for oxanplc, ulnklng fron ot
voluno on to o gurf%ce. . SR e ‘ SR L
Dlscu sion ‘ . o ‘ .

- The noohtlvc ulopo" for tuna and demersal fish obcur in'fivotstbcks
of thrco groups. There is a trond of uiOpO frbm posifivo to ncgdtivé |
with inecrcasing focundlty. Hence the stocl/recruitnent rolations for
cod, tuna and halibut arc thosc to be oxpcctcd; The important conscquence
lo that o done-shaped curve should be applicd to the cod data. Figures 1
und 2 show how the curves for cods arc onc excmple of a family of curves,
linked by diffcrcnces in fecundity.

Of the two'stock/rccruitﬂont curves in usc for general purposcs,
that of Beverion and Iolt (1957) (taking reciprocals of stock gndA
recruitnent and expressing the dependence of recruitnent on parcent stéck,
asyoptotically in stock) appeors o be misleeding. Deverton (1962)
showed that for plaice in the southern lorth Sea, recruitnent was, in
fact, independent of stock over the range of stock fished. Very ncarly
the same conclusion nay be drawn from Fukude's (1962) troatnent of the
Pacific haliout data. The sanc point is made in Iigure 2, showing that
the oloncs for flmtflsh stocks (for Uorth Sca plnico, two stoék" of |
Pa 01f10 allbut, und thc Potrﬂlc uolo) arc uprcad on 01thor 0160 of ,
the zcro 11n0. So for fl“tfloh, the dogma thut rccrultﬁont is 1ndcpond-
ent of parcnt stock vas rouoonablo. For other stocks, cods, herring,
tun and saluon, tho dogma nislcads and the Beverton and Holt equation
is not wvery uoeful. Beenuse of the variability of slope Within‘a group
it is possible that dome-shaped curves should be used for sone herring
stocks and some salmon stocks.

The Ricker (1954, 1958) curve is dome-shaped, but the variation
in reoruitnent romains intractable. As noted above, the variation in
valucs of the constants dld not pernit any genera 11zat10n. However,

the intercepts could be ranked in the order shown in Tigurc 1. The

3




tercept in the Ricker curve is S /S » vhere S is the reﬁlabement value
of atOck and S_ is the value of utock ot which maximug reeruitnent is
found. The fwct that this ranking coincides with thut'bbtained by another
pgthod#suggests thot it is rcal. Thc differcnces in lopo (1/S whlch
modsurco donultJ dcpendcnco) were so hlgh thut all groupu hud vcry noarly
the sane rmnalng. .

The curve used hore suffers fron a maJOr disadvantasge as conpared
with thé two carlier curvecs, in thﬂt it is not deduccd fron 11Tut
principlcs; Indced it is only & picce of statistical brutullty. As
p01ntcd out above it roughly resembles cauation (2), but the latter is.
difficult to fit to the array of stocks used hero. _The only Justlflca— ‘
tion for using the present curve is to reach the generalizations given
and to point the nscd for a now ppr:zch;

Ir the index of density dependence is related to fecundity, it
implies thot there is a2 fixed distance betwoen spawning fish, bccause
the density dependence is governed in o scnsc by the fecundity of one
parent. Then if stocks vary in size, diffcrences in abundance ma&~we11
be reflected in differences in arca of spawning ground, assuning that,
fish such as cod spawn in o layor; Presunably, in nore fecund fishes,
the period of density dependent nortality lasts for longer, déclining
with tinc until it becomes indistinguishable from the general level of
natural ﬁoftality;" v - _ : h

"It should not be concluded fron I'igure 1 that tho dogna of indepénd-
cnt reoruitnent stands. The curves dravn orc average curves on rather
snall sceles to show the differcnces betwoen groups. For herring and
saloon theroe is a large proportion below the replaccment p01nt, and for
ahy"individual stock the cffcctive curve nay be noar—llnoar. .For cod
a curve for an individual stock may be nuch nore Sharnly»doﬁo—shﬂPCd
than is QHUUOSuOd fren the curve in Figure 1. Further it is p0381b10
that the curves for some herring stocks are dOJu—gh&PCdo,

" A stocm/rqcruitmont curve oxpressces in swmary form, for that stock,
the fitness of the onvironment. It oxpresses the average recruitnent
under ‘difforent conditions of stock. Thero is a sonsc in which.a stock/
recrultncnt curve only averages the changing enviropmental conditions,
and bccause the cnvironment changes any attenpt at prediction is illusory.
However, the stability of any fish stock should be contrasted with the -
very high fecundity; in othor words, there is a finoly adjustcd control
mbchwnism; An OppOoltO sense is now put forvard: therc is a tock/
recruitnont curvo which is‘a function of the stock's’ focundlty,
cxpression’ of tho finc control nechenisa.  Then’ the- V“rlabillty of -
the- ‘rocruituent exprosscs_*he fitness of the envircnnent to- tho control
mechanlsnbln the fecundity. Hence a curve night be dcvoloPOd, from an:

wnderstanding of focundity, which is characteristic of a stock and is




not nerely on oxpro°sion of avoragb'Cbhdi%ions; Of course, it nust
éxpreés avcr“"c ‘conditions is an cvolutlon Ty sensc, but 1t should be
recalled that to mester the cnvironnent, o biological mochs nlsn nust
be indepondent of it to sonmc dcgree;

If a stock/rccruitmcnt curve is choracteristic of a specics or
sroup oftspecios, it is 1ikéiy that some of the forms of conservation
in the HNerth Atlantic will nced modification; The shapc of a yicld
curve changes with the shape of a stock/rocrultnont curve, and nany
detailed éstimatcs night nced alteration. Tho prescnt St&tb of conserva-
tion in the Torth Atlantic is that mesh regulation is now accepted and
there is considerable deterninction to make it fully effoctive; However,
it is adnitted that there is a sense in vhich it is only the basic. forn
of renulwtlon and thot it nobds other neasures, not in replacenent, but
in addltlon. A ca -Se in point is the Arcto-llorwegian stock of cod. It
is now clear that the stock/becrultnent curve suggested by Garrou (1966)

is not a maverick, but onc of the forn to bc oxpected.
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TADLE 1

Sources of the data for the curves of Figurc 1
Curve Source of data

A COD

Stock: Arctic cod Garrod (1066)

Stocks

Stock:

Stocks

Stoclce

Stocks

St. Lawrence ced

Worth Sea haddeck
FLATFISH

Horth Sca ploice
Petrale solc
Pocific halibut
(Lrcas 2 and 3,
separately)
PACIFIC HERRING
(c. Qallasii)
South-cast Alaska
Kediak Island
Salkhalin
British Columbia
(ITorth and Lower
Dost)

ATLAYTIC HERRING

(C._harengus)

Dovins
Buchan
Dogger
Horvregian

SOCILYE (RED) SALLION

Bristol Bay
Coluribia River
Korlulz River
Nalkznek-Kvichak
Lrogik
Mushagelk
Ugashilk
Skeena River
Prascr River

PITK SALION

Alaska

Puzet Sound
{odiak
Karlulz River

Paloheino and Kohler: (1?67)
Boverton and Holt (1957

Boverton (1962)
{ctchen and Porrootor (1966)
Fukuda (1962)

Hananura (19613
Honeornura (1961

llarty and Fcdorov (1963;
Taylor and Wickett(1967

Cushing and Bridger (1966)
Burd (1966

Durd (1966 '

liarty and Pedorov (1963)

TIPIC (1962%
nPre (1962
Rounsefell (1958)
IJP 'C (1962
TPrC (1962
IFP“C (1962
LIPRC (1962
Shephard and Withler (1958)
Killick and Clcniens (1963)

TPFC (1962)
TIPFC (1962;
IIPre (1962
Ricker (1954)
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"Figure 2~ The relationship between the degree of density dependent mortality (as

measured by the exponent b of equation 1) and an index of fecundity.

(a) Stocks in which density dependent mortality is significant (b < 1),
,(b) ‘All stocks. ' | ”
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