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Introduction

Tho vnrinbility of rocruitncnt to a finh stock in very highand

prccludcs thc choico, from the dnta alono, of a curvo describing tho
,

dcpendonce of rccrnitmont on parent stock", An p.ttor.rpt \!aS nade to extract

tho cop~tants fron tho curVGS of Rickel' (1954, 1958) und of Dovol'ton and

Holt (1957), for a nunbor of fish stocks~ tuna,'cods, flatfinh, salnons

and hcrl'inßs. It waS hoped to goncralizo fron a considerablo body of

data on disparato stocks. Tho attompt failod bocuusc tho diffcroncos in

constants ,lithin a gronp of fioh ,101'0 as groat as thooo bet\~IOOn groups.

A method using a 10ß log plot was triode

Uethod

In Rickor (1958), vnriancc \"10.0 l'oducod by plotting recruitI:1ont in

logarithqn on stocks in logarithLls. The sioplest rolntionship of this

forn is

bR = aS

whcro Ris racruitncnt and S is stock in tho Damo units, and whcro a and

bare constnnts. Tho nlope, b, is an index of tl~ dcgroo.of donsity
, '

dependonce, but it does not propcrly ostiD~tO tho dcnsity~dopondont

nortality. '11ho oqlmtion d~voloped by Bovorton and Holt ,(1957), ,but not

usod by tho~, in rolovant~-

R = c! Se-ßS (2), '

-l-~2' t
whorc ace p (~2 is tho donsity-indopondont norta1ity, and t is tho, p
aeo of rCGrl1it~ont) and ß is tho density-dcpcndont nortality for a speci-

fied tiDo poriod. This oquation givon a curvilinoar relntionship on a

log lOß,plot, a~d the slope, b in oquation (1),estinatos ßS voryroughly.

HOTIovcl', it isprobably ßood enoueh to ostablish difforoncos botwcon

Gronps of fich. The only virtuo of this Dcthod is that tho varianco nbout

tho slopo is D~ninizod by takinc logaritbns.

TIhoÄ b = 1, rccruitI:1ont incrcasos with stock, an unrogulatod statO.

Ylhen b > 1 rocrlti t I:1Cnt , and as D. conscqucnco". ntock, . incroasos sharply

durine tho period of obsorvation. Uhon b < 1, recrnitnent in dopondont

upon thc donsity of tho ntock. A critorion of donsity dependance was

that b should bo nignificantly less than Lmity.
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Results

About .. 24 stocks \70re o.nalysed Md clo.ssed in six groups ~ Dink:. snloon,

rod snloon, Atln.ntic horring, Pn.cific horrinG, flo.tfish and oods. Thero

0.1'0 nlso <btn. ['.vQ,il,o.bl(Lf:ror.l ono stacl: of yellov,fin tuna. Hance it YJaS

possiblo to Gverago tha constanto ;rOD cqU;tio~· (1) 'f~r co.ch gronp: Thc

slopos nro nOGGtivo für tuna,. cods and flntfish, o.nd positive for tho

herrinr;s nnd snlnon. Figura 1 sho\ls thc stock-rccruitnont curvos astinn.­

ted in thn am..1O units, vlith thc consto.nts nvoragod fron equn.tion (1):

rrhoso curves should not be rogo.rdcd o.s stn.ndn.rd curves for any

group, but anly shov thc order of differenco betuoon groups. Tho

Pacific ::::o.l!:1on hn.va virtllally ono o.ga group und so tho dato. group round

tho point of replr.coDont. IIorrings hewa 001'0 ace GrouDs, Md. c odn nnd

flntfish ho.va nany Dore 2.80 .sroups, Md so the dnta tond to sprao.d to .

tho right. It \"li11 ba sean thn.t tha clogoo. that recruitnont is independent

of stock oizo is Dost nen.rly truo for fln.tfish. The control of Pncific

halibut and of Horth Soo. plnic') was concoived and put il1to effect, 'tükin.s •

the dog~~ o.s beine o.xiomntic. nut it does not ~pply to tho other fish,

pClrticlllnrly to cod.

In. Tr.blo 1 nro ohO\7n tho sourcos of tho data for tha C\1rvo.s of

Figuro 1. Hot all tho obsorvations OlU'vived the test that b < 1;

Figure 20. is COoDosod of 0.11 thase surviving tho test and FiGura 2b

cODprisos 0.11 tho obsorvations.

Figure 2 shows a relntionohiD betuocn the slope fron oquation (1)

nnd an indeX' of fccundi1;y. Estimtos of focuncli ty for such o.n o.rro.y cf

st.ocks I;1.I'C not availnblo. I ho.va o.s:JUr:l.cd tImt nt ~ tho gonad \!Cighs

0.16 'f! at spa\"minc. Dinnetors of 0ßGS nro l'-..nO\"ln and i f oggn and fishco

0.1'.0 of nbout tho sm.1O donsity, o..n inclex of fccundity in givon by

0.12.U .. ro .
~-'='3-; \'Thore l' is tho diß..r:1otor of the ea; in r.n ancl Um is cJ...'j!rcssccl

111'

in og. It is c fictitious ostinnto of fccundity, in that no individual

or :Janplc ho.s so nnny eßes. TIclntivo diffcrcnces are basod on differences

in H nnd in egg nizo; so it is o.nsU:-:led thnt thc Dean focundity of 0.
co

virgin stock vlould be givcn by n fixec1 fraction of this index.

The reGression of t'he fecundity index on b is sigl1ificantly di.ffor­

ont fron zero. In FiGure 20. 0.1'0 plottod only thoso do.tn \'Thore b < 1,

significo.ntly; in Figura 2b 0.1'0 sho~n 0.11 tho do.tn, irrospectivo of

this test. The figura shows 0.11 tho 810pos Md ane can Hee very clenrly

tho positive 1310poo for the oaloons o.nd horring o.nd tho nogative slopes

for tho donorso.l fish. It is uorth rccallinß that thc saloon, o.S largo

ns cod, hr'..vo larGO oggsand that their fecundity is very 10\1.
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Tho figura expressos tho differonces be~7eon stock andrecruitncnt

curvos in nnothoruo.y. Dhcre fecundity is high, donsity dpondoncc.in

strong onough to gener~te a negative slope; typically tho curves for

clcr:lorso.l fishin Fignro 1 o.re of thiG charr.cter. Hhere focundity is

10", (h;nsit~r dependonce is i'Too.k, as in salnons and herrings ; The it:lpli­

cation is tnat.tho truo farn of a stock/rocruitnont curve Day be developod

fron <\n ostii:18.to of focundity. If tho rolc.tionGhip is as siDp10 o.s it

OOCi:lß, u.,nothor inplic:1tion is tImt tho donsity dopendence in an offect

of tho density generatod by a single parent. This TIou1d n~~o sonso if

fish TIOrO :1 fixed distc.ncc apart, oven in spc.uning shoa1s. 11. biGgor'

stock spro~dc ovor a greater aroo. of soa, o.nd thon difforoncos in donsity. .
dcpondencearc gonoratod by tlifforonccs in fecundi ty only. JJ. further

, . .", .

conseqnonco r.:mst bo' that the stock io vü'ttmlly roculatcd ol'ltho lo.rval

drift .bet~!C'en slX1yrning Gronncl and nursory Ground, unloss thora i8 0.

noch~~j.'SD ·f.·o~' ~oi~i~r~in[s 'dc~sitiO~',"hs,'for' 'OXDLlplo,sinkLrig froh~ :r:
. , ..~ .... i I." . • " :.' .,

volumo on to a mlrfacc.

Discussion

Tho nogr.tivo slopon for tLma and dODorsal fish occur in fivo stocks

of throo gronps. Thore i8 a trend of slopo fron positive to nogative

v/ith incroc.sing focundity. Henco tho stocl:/rocruit::'lont relations for

cod, tIme. and he.libut are those to be e::""Pcctcd. Tho iar>ortant conooquenco

is that a dODe-shapod cnrvo should be appliod to tho cod datn. Figures 1

nnd 2 shou hm1 the curV8S for cods nrc ono oy.::'.splo of a facily of curvos,

li.nkod by clifforonccs in fecn.ndi ty.

Gf the tuo 'stock/rocruitDent curven in uso for ßonoral pnrposos,

timt of Bevorton ana Holt (1957) (taking rociproc.1.1s of stock ~nd.

rocrnitnont o.nd exprossinG the dopomlonco of rocruitrJont on p.:1.ront stock,

anyoptotically in storuc) appoe.ro to bc DisIe~ding. Dovorton (1962)

ShOYICd thai for Dlaico in tho soutllern lTorth Soo., rocruitDont rJas, in

fnct, inuoponJont of stock over the ranGo of stock fisl1od. Vory ncarly

tbo sane conclnsion nay bo dr<l..wn fron Ftlkucle.'n (1962) trce.tDent of tho

Pacific Imlibnt dc:.ta. The Sa:.l0 point is !.1~de in Figure 2, shorJiht~' that

tho 0101)00 for flntfish stocks (for lTorth Son plnico, two stocko of

Pncific halibut, nnd tho Potrale sol~) nro spread or... oithor siele of

tho zoro line. So for flc:.tfish, tho clogno. that rocruitno~t. is independ­

ent of parent stocl<: "JaS roC'.sonable. For othor stocks, coeln, horring,

tnna unel sn.lr..lon, tho dOß!'1a nio1eads nncl the J3overton and Holt equution

is not vory uGefu1. :ßcc:;.une of thc ve.rio.bility of slopo vlithin .:1. group

i t is possible thc.t dODO-sh.:1.pctl curvos s:wuIcl bo usod for sono herring

stocks and SODe 8nl~on otocks.

The nickor (1954, 1958) curvo is dotle-slmpod, but tho vari.:1.tion

in rocruitrJont ronains intract.:1.blo. As notod nbovo, tho varintion in

valuos of tho conste.nts did not pernit o.ny [;onornlization. Howover,

tho intercopts conld bo ro.nkod in tho order shorm in Fieuro 1. Thc
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intercept in the nieker eurvo is 8 /8 ~ I/hore 8 is the replo..cooont valuorn r
in tho vo.luo of ntoel:: 0.t 'I/hieh DD.A'"inun rccrnitr:'lOnt isof stock Md 8n

found. The f~ct th~t thin r~rinß coincidcs uith th~t obto.inod by anothel'
, -

octhod sUßgesto tho..t it io real. The difforonces in slope (1/8 which
,,0

nonsuros donsity dependence) were so hiß~th~t all groups ho..d very noarly

tho sane rMl:ing.

, The Cl~ve usod here suffers fron a tnjor disadvanta~o as conparod
-ni th the two c~rlier cnrvcs, in thnt i t in not dcclucod fra!:! first

principlcs. Indocd it in only ~ piece of sto.tistic~l brutality. As

pointcd out above it rOUß~ly rcsonblesoQuation (2), but the latter is,

difficlllt to fit to thc arrny of ntockn unod here. The only justifica­

tion for usinf, tho pro8ent curvo is to reach thoßenernlizntions givcn

and to point the neoel for a nou ~ppr~~ch.

If tho index of donoity dependence is related to fecundity, it

inplios that there is a fixed distnnco botuoon spawnine fish, bocauno

tho density depondence in govorncd in ~ sonse by the focundity of ono

parent. Thon if stocks vary in size, differences in ablmdanco nay'uell

bo rofloctod in differencen in aroa of spauninr, ground, assULline that,

fish such as coel. npavlP in ~ layc:r. Preou!:.l11bly, in nore fecund fishos,

tho period of density dopondont'oortality Io..nto.for iongor, döclirilng

,Tith 'tioe until i t boconen' indistinßllicho.b1.e fron the (;eneral level of

n~turnl Dortnlity •

.It shonld not bo concluded -froIl PiGl~e 1thn.t thc' doO.l~ 'cf ihdcpbnd­

ont :rccruitnont otand,s. Thc curves drmm o..re nvcrneo curvos on rnthor '

sr.m.llscn.les to sllo':l tho clifferonces bet\'1ecn croupo. For hc:rring und

saloon thcl'O is 0.. lcrgo :proportion bolo\'1 the roplaceoont point:, o.n<.l- for

n.ny"inclividllnl stock tho' effcctivo Cl~VOT:lo..Y bo near-linear. ,For cod

n Cl~VO for nn incl.ividnnl stock nay bc f-mch, Doro slwrIJ1y'dono-shn:pod

tlmn is sn:;r;ostcd fren tho curvo in FiBurc 1. Furthol' i t is l'ossiblc

that .tho curves for nO::J.Q horrinc otockn are d,onc-sha:pcd., '

A stoclc/recruitnont curvo o1.'".Presses in sUL'riary farn, for timt stock,

thc fitness of tho onvirounont. It oxpronocs thc averaGe recruitoont

under different conditibns of stock. Thoro in n senso inwhieha stock/

rccruitnent cU!'VO only avoro.cos the chnnginc envi:ronr.lentalconditions,

und beco.ll.sC the onviroIl!lcnt chanßEls o.ny o.ttonpt at predictionis illll.sory.

HOVlOVO:r, tho sto..bility of any fish stock shouldbe eont:rQ.stcd \7ith' thc"

very high fcclUldity; inother words, there in a finely o.djusted control

noehanisn. An opposi to Dense is nOrT lmt forl!ard~ thero is n.stock/

reeruitnent eurve which iso. funetion ofthe stockts;focundity, :'an

oxprossionof the fine controlnccho..nisn. Thcn'tho'vo.riability of

thcröcrttitnent oxpresses otho fi tnens of the environnent '. to 'the ~ontr'ol

coch6.nisn in tho focundity. Henec n curvo oichtbe tlcvoloped,' froo'an

UndorstandinG of fecLUldity, \'1hich is chnrn.ctcristic cf 0. stock~and is '

•
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not poro1y nn expression of nvoro.go cenditions. Of course, it Dust

express nvero.Go conditions is nIl cvolution~ry sense, but it should bo

recnllcd that to n~stor the cnvirom~cnt, n biological noch~nisD Dust

bo indopendent of it to SODO dcgroo.

If n stoc1c/rocruit!:1Ont curvo is ch2.r2.ctoristic of a spccics or

sroup of 'spccies, it is lik~lY tunt SODO of thG foros of consorvation

in thc Horth Atlantic \"Till naoel Doclificntion.. Tho simpe of n yield.

curve ch;-.ngos with the shapo of n stock/rocruitncnt curvo, and r.lD.ny

detailoe1. ostiD~tos rü[;ht nacd 0.1torc.tion. Tho prosent sto.te of conservo.­

tion in tho TIorth Atlantic is that Desh rogulation is nov accopt~d und

there is considorablo dctorninc:.tion to 03.1:0 it fully offcctive. IIowovor,

it is ndnittccl tlmt thero is a sonse in 'i7hich i t is only tho bnsic. fom

of rOßulntion ancl tho.t it noocls other Dcnsuros, not in roplaccr.1cnt, out

in addition. A c['.se in point is the Arcto-lTornogian stock of cod•. It

is now cloar that the stock/recruitncnt curvo suggestod by Garrod (1966)

is not a navorick, but ono of tho farn to bo oxpocted •
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T.L\.TILE 1 Soureos oftllo data for tho eurvos cf Figuro 1

Curvo

COD

Stoek~ Aretic cad
St. LC'..,lronco ccd.
north S08. ho.d.elcck

FLATli'ISH

Stock~ lTorth Son. rJ1C'..ica
Potro..la solo
P::'.cific halibut
(Aron.s 2 n.nd 3,
sOJ!C'..ra.toly)

P]\.CIFIC HERRING
(9. p<;1.11o.sii)

Stock~ South-onst Alnskn
Ko1iC1.k Isln.nd
So.khnlin
British ColurwiC1.
(Horth und LovJer
Dc.st)

f\.TLll1iTIC IIDRRIHG
(C. he.rongus)

Stocb Downs
Buehnn
DoC;gor
HOT\7o/jÜl.n

SOCICG1'E (RED) SALI10n

Stocl:~ Dri8tol lhy
ColuclbiC'. Rivor
Ka.rll1l:: Rivar
H&r..nck-Kvielmk
Dco[;ik
lTU8 hC.G~l.k

Ußa.shik
Skoono. Rivar
Frn.sar Rivor

PllTK Sl1IJI0lT

Stocl:~ A10..8k::>-
PU[;ot Souncl
KoeUnk
Ko.rluk Rival'

8

Soureo of date..

Go..rroe1. (1966) .
1)0.1ühoino . o.nd Koh.lar (1967)
Dovorton and Holt (1957)

Eovorton (1962)
Kotchon nnd Forl'estor (1966)
Fukucla (1962)

Hnn&1Llra (1961)
Ha.nc.nurn (1961) .
lbrty o.nd Fcdorov (1963)
To.y1or and Uickott(1967)

Cushing C1.nd Bridger (1966)
:Dura (1966)
Durd (1966) .
ilC1.rty nnd Fodorov (1963)

HiPFC (1962)
11rFFC (1962)
TIOLUlsofoll (1958)
UiFFC (1 962j
TIIPFC (1962
IliPFC (1962
IliPFC (1962
Shoplw.rcl anel ~hth1cr (19'58)
Killick o.nd ClcDons (1963)

TITPFC (1962)
IlJPFC (1962)
IliPfC (1962)
Ricker (1954)
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Figu~e 2 The relationship between the degree öf density dependent mortality (a~

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

(a) Stocks in which density dependent mortality Is slgnlficant (b< 1).

(b) .All stocks.


