
\ ~,i: .'~
This paper not to be cited ~wi.thout prior rGference t.o theoauthor

International Council for the

Exploration of the Sea

CM 1968/F:14-

DemersaJ. Fish (Northern ~Cöinmittee)

•

Stock a.nd. recruitment relationships m four northAtlantic cod. stocks

by D. J. Garrod

.~isheries Laboratory, Lorfestoft, England (

1!J,troduction

Readers .,v:i.ll be familiar .uth a vlidely held dogma of fisheries biology, that

the size of a year-elass is independent of spavm:ing stock size. over the wide

range cf: spa,mmg .stock sizes that have been. observed in exploited fisheries.

The .presuroption is that the pelagic environment of the larval fish can support

only a finite number of young fish und that this capacity cun be satisfied by.

relatively few adult fish. Larval fish produced in excess of this reCluirement

die as a resultof a density-dependent pr6cess; models are at present being

constructed that ..TilI· shovr horT such a mechanism could be mediated through the

feeding behaviour of the components of the pelagic environment (Cushing, pers.

commn.). The little evidence that supports the "classical" concept of stock and

recruituent hag been ·reviewed by Bcverton and Holt (1957). In more recent years

the interpretation has becn challenged using data for the southern North Sea

herring and .Arcto-No:F;vogiun cod stocks which demonstrate a trend of. decreasing

recruitoent vn.th decreasing spmming stock size (i.e. increased fishing) (Garrod

1966; .. Cushing 1968). .The arguments in favour of this dependent relationship have
• -~ ...._--r.~ ..-.-'

been countered by the fact that the decline in recruitment that has been observed

falls in' a tine series associated mth a trend inincreasing fishing effort and. .

might equally be expla1ned by SOLle °undetected trend in environmental conditions.

The association in tiue betv{een. these four variables - spa,ming stock,. recruitnen-c,

fishing effort o.nä. environmentai trend - cannot be avoided in the rJethods so far

used to·del:lOnstrate thc stock/recruitnent relation, by plotting sone ~ex of

recruitL1cnt or another index of stock size, because fishing effort und clinatic

variations develop aS trends over aperiod Jf years. This paper reports a s.lightly

different approach, based on the assunption .that if the stock is to renain stable

the spa....Vn:Lng stock should on average producd enough youngto replace .the average

of its constituent year-classes.
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Method

Data for' a ;Long series of·yeär-cl6.sses giye the -initial size at recruitnent.
. .

of the year-claSses present in the spa'iming stock in ony one year. These can then

be 'conpared ,dth the year-class 'produced in that year to give a replaceL:lent'r:ite.
" ..' .

Thus, for the Arcto-Nonvegianc,od, the year-cl~sses of 1937-194.3. on.cle up the najor

part of the spav,ning stock as 7-13 year-old fish in 1950. The nean nunber of 3

I . ~ -6 h ul 5year-o d recru~ts per year-class 1937,,:,,194-3 ",;as 7,p2 x 10 • T e res taut 19 0

year-elass nunbered 2252 x 10-6 recruits, giving a replacem.ent rate of 2252 x 10-6/
,:]. -6

7)2 Je 10 .. ::; 2.99.
~ .. ,

If .the 'U?exploited stock is stable the replaceLlent rate .Ivill average 1.00 and

under these circumstances it, can be assuned that the natural nortality and fecUndity/. . . . . .

survival relationships are in equilibriUI.l. In the exploited stock, h0i7ever, the
"j' ,I. .' .

yeo..r-classes are subject to an extra Dortality caused by fishing vJhich reduces the

size of the spa'mling stockto SOLle proportion of it~ cri~in:ü size. This propo;t;~
,~ . ..

tion can be, calculated if the fishing and natural L:.Crtality and grmvth rates ar~'
, ". . . :'

knmm. In. practice,. recent values of the latter tro paraneters have been used as
'.

constants, ignoring·probable, density-dependent changes.

When the potential spavming stock is bcing reduced recruitr.lent can only be

held constant by a proportionate increase inthe survival of the eggs spa~vned.

The conputations' dcscribed above give an index of this' change in survival as the

ratio ofthe replaceDent rate to the .biol':lass of the spavming stock itself eXJ?ressed

as a proportion 'of itspotentiaJ. size in an unexploited stock. Referring again to

'. the 1950 year-elass of ·1u'cto-Nor...regian cod the nean fishing l::lortality in .the
. . .

,1937-194-3 year-classes up to ,the ycar of spa."ming, 1950, was F = 0.88 per year'.;.
". .. .

class (0.13 pe;;' year, assuming knife-edge recruitnent at 3 ycars old). Tl"..is level

,?f F, coDbined .....r.ith a natural nortality (M) of. 0.3, ....7ould reduce the ,!,otential

bior.lass of· the spa'7ming stock to 0.4-3 of. its original .potential~ If the 19..50

spa'..ming ymre to ~roduce a year-class equal to its parent year-elasses (r~place~

Dent = 1.00) survival "liould need to increase by a fnctor of 1.00/0.4-3 = 2.33.

The observed replacel1ent was 2.99 (see abOV'e) , so the total index of survival

conpared ...7ith the requirenent of the stable unexploited stock yvou~d be 2.99/0.4-3

= 6.95.

The trends in this index 01' su::vival ha.ve been exaninedf'or four ,cod stocks
,'.'

"
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Line 2: represents the progressive ";,•

v.bich estinates of' year-el.ass strength and f'ishing oortality can be .del·ivea..H'U~

} _~i~· ,,~.' :\ i . ~. • • _ ~;, i ,

exist:Lng,:a.at'a':by th~'i'~iTtual pOpUiation','method (Gulland. 1965) ...;For the'Arcto- '
'·-;~;3~.;~1';"~DI·~~·~ .. · .~~ c •. :~f '_< -,', ,I .,~.': • :I.~.' ,~; < :', • , • __ l.: ' '', "

Nor,rregian,"and·(Ioeln.nclic codstocksthe data have'been based,on calculations of the
, " . ., ~ .., ~ -. \..' " .

resp~~ti~r~~{~:s/\vork~~' Groups'(I.G ..E~:L1968 'a, b) •. · For.ihe ,>iTest' Greenlnnd.. ;·
. ,,~<:,~ ~ :~ ;,-<' ~!"~ <:. ,~~. r~ 3, •. "', .... '.;.. : >.'. .~ •.~:: • ," " ~ " ,~". • . .' ,t«. .. '. ',. ,

cod year':'class' strength' dato. are 'given by_ ij6rsted (1967), and estinates of' fishing
... ":~~ .~:!;_::,"';'''.',,~'''~.'~.~:\!,':~~,!',,:'':~-:' .' ~ , :' -',,: ". '. -,', ,". - ' .: , . ~..:'::, .. ',: ~..'~'"

tlortality,~have~been reco.lculated by the virtun.l population oethod using age coo-:'.·.
. ,;,;;;:d~'J, ~\)S "f:i:.;' . .~,':" ".'.' ..,.. '.:.,.,_,:;.';::\':~~;\;,,;',:

poslticin:'dat6.: coriS~rUctedby I~rsted~ frol'l dato. publishedinthe. I~iC.N·.A~.:f.?S8npling
;:~~>::~~~'~·~';:'~·~~~:·'--l.·..,._ " . ,. i::';'~ " I ;:;"'~:", " ••.• ':" l.': ."~ •. ,,:'·~:.,:~ .. #<·"~'~:t"-'··'''~··'''~-.: ," '._~ ~\:": '~'f
Yearbooks~'.·Dato. forthe Gulfof St. Li:l:wrence 'co<Lare; de'i·ived·fron the statistics:

~~; ;:,~.'(i>.'.· ..':' '.;:'}:"'. ,:. ",:':.; :~. ........,. :.:, . ,.',', " ';' .' ~ ,:'
fgiyen';by Paloheino ,nndi.Kohler;(1967). :f For 'each" stOck the fishing nortaJ.:i:-ty, arid ','

'-CF"~':-'-' .,' c·:. " .: . ;,,' ::.' ,'" .. ,. ~,'. ',. ;.' ,'~_':':~;';"; _ ';,':" c;:';: I:.:>:>"~:~:.,:.,::~:,,::;~
the o.ssbciated surviv:alindices hnve been ;snoothed·by~·a.lJoving~verage of fiv::e"', '~;

:.. ~~-'.:.':;~. ,,,:",_ ':.. :,' ,~ .. ~~ ,,: -- ..j';:~"'.,.,.:~~:.:"~~'~:-:.:~,~ .. " :'.~'<:.,._ ..:'..'~ .. ~.,.?:: ..:...t~:_.·~~,\ '_,.~:.:,'>, '~.':~~,'.,~

yeors~'0.An exaLlple. of'the. cO:::JIlut'o.tion 'of.trie survivalindices is :given ffor the': .•...~
... ::~,;.,(:, ' '" ~ . ", . J'~::': '-"_ :,~~,\:.", i.~.:,,:· '\ .'." ·'!·; ..'r·:,:"·>'i
Ä!~:.~~~1Cgin.n cod in T~l~' ~.: ..: " ,,~ ') , ,'," ;.; ':.~: ~\' :/::.' ;"/~ < ',::: -< ;t~~:' ;;.>~,'~:': :',~-<."

R_esui,ß~;~aDiscuss.J.ons f', " .....~..;v .. ', ~!,<,,I,~!. I;' ,.". ",;", ~':.'"{" .•.''.','.''' """"'."':;:"'~.'~".: .,".~'~,".:'.'. "" ... '::)' '"
- .""to- ~. ; •.. ~.~ <~'~;;';,~~!;;.~,t;~~i~~~\~.~.,;

~~::'~I,T~B~:~~~onoio~icai',~~'rie~ '.6f~n;üi~iori,s in ye6.r.:.c~~~.:~tren~~ iso shom;l in, ."
. -~,./~1;~::·:'':~~+:. '.... ',~:. ' ...... "" '. :".',~ .. -: .. (,' '~', ,,', ' '.4'.' r ,....: ,." \ :,' . '. • I I

Figure~Hrf.rfi'ote thelong-lmmffi"highervario.bility Off recruitiJent,: to the West , .
.-.' .' '.. ;, ". ',- ' ~.,.

Greenlnnd fishery. Figure 2 ;h~;is.the:Illots of 10;e r:~ivc..l index a~ain3t
..'.~ . . ,

.' :' f .. · •
f:ishi:hg~.ci~rt~ity ~r·ye.~-6~; 'conputed as described. Three calculated rela-

'.~..., l '! -' .,.

tion:~iP~ 'ha:V-e}been: superir.lposed' on this figure to represent. the requirenents if- ..,' -'. .) .

s'llr'llval is to' vary so o.s to satisf'y pnrticulnrhypotheses concerning the stock

and recruitr.lEmt relationship.

Ir recrmth~nt"i~ proportional to year-clas~ strengththen.the replm.c·enent
~~.::~:': .::~ f' . . .:.~:.. -.. '"

rate will equril the reduction of spmvning stock nndthe' surviVal index milbe .-'
..-l., ,""., .' " : f," •

" ~: \ • "f 0< •

.,,:<1,•_~ i·.l~og~ .0.oobo; .. ihis is sho;:ai o.siine 1.
':',):ir'. ' ,

incr,~~e in survival that is required tooaintain a consta:nt year-ela:ss 'strengt1:l

(tJifl:l:,is the assuDption 'upon 'which asses~l'lentsar~'currentlY bo.sed). -;There is. a
~ . -, . "," .. ," '.'" , ;. ".' . " "

,; ';.", '. . " ~ .. " '. ~ "- '.. ... '," . . t " . -'. . 't

third'possibility'(linc 3), that 'survival would increase to ensure f'ullutilization
! ';:,,'. : ,.: .J,. ••.• " , ., ' •• ' ' •• , . " ; ~ ~l. • ". .

of;the;'o.v.aiiablefood resources,:i.e. that.the biono.ss wouldreno.in c6~stant, and
•.- _v.:."; .' ," .. """",~ .. , '~':' ,~'. ~.. ",~",,-,'"j.i..!,.' ':~\_''''''':' ~ " (~'~ ..f"

rec~toent 'rn)uldbe inv'ersely proportional· to the b1.ooass•.. This concept is
..~."~:": ~.,·.":t.· ,.,:-,. "", " . .. . .. ...~ ,',- ". ':': .! .': , ..,. '. ,'-"" ';

inherent:.i:t:l tJ:1e •energetic' approach to population dynauics being developed by .
. :." •• ',: .~. " t,. :;:~} :- , ,.' . ."':' . '.. <',' t '.' .'", .• '. . ,"

Paloheirlo and Dickie (1968) •

. In Fißure 2 the points have been joined to follo-.7 the tiDe series, and in
.. stocks the

tvvo of,the/, the Arcto-Nor;,egian ana,/West Greenland, the survival index/

fishing uortality relations are quite clear, but dii'ferent. The ''lest Greenland

stook.:f'oilovrs a linear increase in the survival index, close to that required

• I :.. ~ \ 3•



&~.Oek, hovrever, the' relo.tiou"sho\vsthe inc.rease in survivn.:L,..ten.ding to~an asynp~.
';.' 'I ':', \" ••• _ •• '... • 't _ ' • " ......., . -

t6tic"~evel:· the ·IO'....er port of this 'curve~ approxir.::o.tes to'thatrequiredto
'. ' " .' . .

nai!itain the-bionass 'af the stock as D.,' whole•. There is uo indicati?~ at any,

point that aurviva.l is adjusted to na.intaiu constant recruituent. The relation

far Ice~d cod:iD indat~ruina:be; da-ta for the pre-·,YD.r years do. not conforo to·
, ',' . ,'.,

nny p~ttern and, ~ post-:"vor years an early j,p.crease in survival', as' t~ought.0

nn'1n~n!n the b!of.lnss., has been subsequently nodif'ied to n trend .,"mich WO~d..

oaintain 'yea,J'-alnss strength. 'Overo.ll thete .is n suggestion that the total .. ··

change in ~ury~al 'Will prove to be asynptvtic., as "Wi.th the J-C"?to-Nor',"{egian. stock.

The tiDe series f'o:' the Gulf of' St. La'Vlr~nee cod is nuch sho~er; but so· f'ar . ns
~ . .

it goes there is again a suggestion tlnt it w'Ould :f0lIOl;l the 'asyoptotic~ l.rcto-
~ ."

NOI'ivegian pa,tte:rm, tlut at u. high~ J,e-vel. the dif'ference in level would be

related tothe lOil-.:t' a.g.e of.lJ.n'lurityf~ this stock, \?hich hn.s be~n taken into •

...
",..

I

I

original c~p~tp.tio~.. of ~ishin3.140r:talityand proporti,?naJ. C?hange
.... '-',' '" _, .!.,.v,.~ __ '." ,\ .. ,~ ....... \. <i .1..,.•• "~.,,,•. ,',.... l. ",'" "_~?c~~:.:~ t~~

in size of the sp~wning' stook..
;:.1 • , .'- 'if, 1 ' -,', . ~,-' <" .' '" ' •• - .• - .• ~

:, ':-.' . "...,,'"'' .
~ :, ~~ .

;':. :. 'The~e ~es~ts cove.r t~e period ('1:11> till a.b~t.1960) for which: ~~t~~ates of

yeUr~lass strcneth and fishing nortality can be o'btaincd froo virtual population
0,., '... '~ :,\~ ". _ ,\ .~,~ •• ,.•' '.".. ~- •• , "".,.' ~'.

analysis., In,uore. recent yenrs, though c~l1parativc;dnta .are not av!rilable,
.,.' .. ' ~.~.'.' t., ". '." t \ .' ~.'.··v '" '.~. li..

recruitoent is knovm to hu.ve dcclincd in nt ,least the Arctq-Norwcgian,. Icelandic
•• ' ; '\,_'., ') ~,,' ., ., ~., ., , 1 ••••~~.. .. ..~, " ' •• ,,'. ~, ',.. ,

ana. West Grccn1.and stocks, altl1ough.in t.he firs,t of these there nre ~o. excep-
'" ~ .: \ ' • 0 •.>. . ...... ,

tionally good year-alasses of 1963 and 1964.•.
•.': I ~., ,. ". ./ '.

:The values plotted are not equiJibriun values. Hawever, one Dight suppose
• • • ,"0 ... • _ , "., .' 0., 1-" ' . ~' . ", ..- \ '. •., • ~ .,.. " ,,,.,,;- ~,,'... " •

tho.t in tending to a new equilibriun survival would increase rapidly at first. a.I!d
• • " • \.... ,.,.:...." ~ .' .". • .' '. • -. (.. • • , ' -' ....~,' 0 ~ • ;: • .' •. 0 ,'. 'i \' "',

then ,l':lore slowly, and that a continuous increase in fishing Dortality, such as
.~ 'o"~' '~~ ..... ~.:.": •.• '-,'."" ...._ '.·_: ••• :···.,,1 .... ,,~- ...~~.- ....!

has' occurred in the Arcto-No~vegi:m stock, .'\7ould proDate a continuous upward ~rend
'1. ! -, -. '4., -' ' .' '; - ..'. - .: .'. • : '. :l~ .., ..' ,~\:. ~~ i. ~

in .survival tc~. sone upper equ,ilibriULl ~evel~ . Qtri.te clearly this has not

occurred ,in' the ilrcto-Norwegian cod.! .J:ln asyoptotic level of' survival has been
:.. ", " . • . • - ".. i', ' . . . , ' i ~ " :', '" ~ .. ..:

reached in this stock, and possibly in the Icelandic and Gulf cf St. Lawrence
: \~.,. ,-' .:' "~. , ~: .".'. '. .. •...~ ':'.' ." ,;',: '. . .,',. .' \~~ ..:" ~.~. . '"''

stocks. :Th~s sugg~~ts ther,e "nay be an upper DaXiDun, to th~ p;tcntial survival.

Such a level mst exist if intersJ?ecific varintion in' fecundity. is to hnve any ,
• ~ ]" '. 4 " '," • ". .' c': ... , " ." ~ . •

' •• ',<

evolutionary significa:nce: if survival were infinitely variohle, as required
~ t ,_.: ~ , '. ,'. ". l ~. , , :. "'. • • ' .. ~ •.: ,~

•

by thedogna, v..hy produce so DOllY eggs?
, ' .. '. ,. . .

", '-~. ~'

It will Q.lso benotedthat .the rel(\.t:Lonships f'ollow' the inevitable tine \
. ;,.~" -'.,

s~ries"l
.L

Ho:vcver, lo()k:ing ngain nt the ~cto-Norweßiml stock, for "mich the
, ., .. ". ... "", " '-
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asynptotic. level i8 reasonably established, i t is clc~r thcre has been nO'" tre..l'l1

with tiue. Hitherto thesug,ßestion has been that reduction in year-class strengt-l~...;:"

Day havebeen caused by poorer conditions for surviv~. These data show the

average' survivo.l to have reuained approxioately constant. This Deans .that the

reduction in recruituent Dust bear SOuC relation to the decreased spa\v.ning stock.

Hovv"8ver,it reI:1ains probable th30t over andp.bove this basic relation the survival

will be nodulated by environuental fluctuations.

The contrast betlreen the Arcto-Norwegian and West Greenland stocks is also

significant: it inplies that stack/recruitoent relations Dny be unique to e30ch

stock.

The iDplications of these results are shovm in the Dore usual stock/recruit-

I.lent relation plotted in FiGure 3, where thc straight lines represent equilibriun

recruituent and bionaBs of the spavm.:ing stock at different levels of fishing

l:.lOrtality (see Gulland, 1968, i'or f'urther explanation of this type of plot).

"illere the relationship lies above the equilibriun lines the stock 'will Dore than

replace itseli' and vrill tend to 'increase in size. Ii' the relation lies below

the equilibriun line· replucccent does not o~cur rind fish~ng v~ll induce. a pro- .

gressive decline in the stock. The full curves oi' the relations reflect that

part far which the results are uvailable in these data. The relation for the

Gulf of St. LavJrence cod is not sufficiently weIl established to place Duch

•
reliance on its prceise forn, and at riest Greenland repl30cenent has been oain-

tained at the levels ".i' fishing observed up to 1960, although in view of the

increases in fishing effort since 1960 there ony well. be doubt concerning the

present situation. For the Arcto-Nor\yegian stock the duta span a Duch wider

ronge oi' i'ishing oortality (und hence spa\vning stock size), und show the stock

i'ailing to replace itseli' at disturbingly 10YI levels oi' fishing llortalitYi in'

i'act, i'rou Figure 2 it is innediately o,!?vious that si.'1Ce the eurly 1950s recruit

nent has been on average prDportional to the size of the spa,vning stock.

Under these circunsto..nces for the Arcto-NorY/egiun stock. the concept of an

equilibriuI1 yield disintegrates when the fishing nortality (F) per year-class

in the period betvreen recruitnent to the fishery nnd 10 years old exceeds 1.4.

This corresponds to Wl nnnual value of F of 0.3 for the fully recruited age

groups, and is below the currently rec1uced levels oi' i'ishing Dortality reported

by the North-east ll.rctic "Iiorking Group (r.C.E.S. 1968 a). This reini'orces the

5.



advice currently being' presentea. to the.N.E.lI.. F. C. , that, econooic benei~it " an~

pos:~ibly inCreased catches, 'would accrue froo a lioitation of effort. It also

necessitatesa careful reappraisal of .nesh assesstlents, to see how .the distri

bution of fishing tlortality "vith age varies with D~sh size, in order to preserve

the· spawning stock. The :~tornative is a protracted decline in recruitDent n.na.

stock abundance in at least the iU'cto-Norwegian stock. For the other stocks the

situation iivaS less critical at the end of the period revie,red here.
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Table 1.. Calculation of ttrvival und fishing oortality inaiceeor Arcto-NOI'Vlegian cod

-........ .-. 1---- ~- .._-
NlL:lber of Average Fishing Total 5-year ooving
r~cruits at I.!ature nunber of Replacenent nortality :po Potential survival

Year 3 y.ars ola I year-elasses recruits rate (F) per biorJass of (S) per Loge (7) average of
Loge (10)

x 10-6 (ages 7-13) to (2~ (1)/(3) year-class (3)* year-(lass F S
(5) (7)Je 10- in (3) in 3)_.. deZ)

-- -- -
(3) (4) (5) (6) (7) (8) (9) (10) (11 )- ----~- -

1931 555
1)32 536
1933 818
1934 786
1935 581
1936 714
1937 1412
1938 390
1939 298
194-0 41+5 ;~

1~4-1 716
1742 942
194-3 1067
1944- 642 1931-37 772 0.83 1.02 0.38 2.18 0.779
154-5 678 1932-38 74-8 0.91 0.27 0.78 1.17 0.157
1945i 680 1933-39 714 0.95 0.16 0.87 1.09 0.086 0.44- 1.98 0.683
1947 947 1934-4-0 661 1.4-3 0.26 0.79 1.81 0.593 0.37 2.4.3 0.888
1948 1516 1935-41 651 2.33 0.4-8 0.64- I 3.64- 1.292 0.49 3.59 1.278
1949 1685 1936-42 703 2.4-0 0.66 0.54- 4-.41+ 1.4-91 0.68 4-.17 1.428
1950 2252 1937-4-3 753 2.99 0.88 0.43 6.95 1.939 0.88 4-.24- 1 .44-5
1951 906 1938-44- 643 1.41 1.10 0.35 4-.03 1.394 1.11 4-.27 , 1.1~52
1952 4-30 1939-45 684- 0.63 1.27 0.30 2.10 0.742 1.32 4.57 1.519
1953 620 191~0-46 739 0.84- 1.66 0.22

I 3.82 1.34-0 1.52 3.95 1.374-
1954- 1011 1941-1+7 811 1.25 1.71 0.21 5.95 1.783 1.67 4.06 1.401
1955 672 194-2-48 925 0.73 1.84 0.19 3.84 1.345 1.81 4-.59 1.524-
1956 860 1943-49 1031 0.83 1.89 0.18 4.61 1.528 1.88 4-.92 1.593
1957 963 1944-50 1200 0.80 1.95 0.17 4.71 1.550 1.95 4-.66 1.539
1958 1152 1945-51 1238 0.93 2.00 0.17 5.47 1.699 2.01 4.51 1.506
1959 906 1946-52 1202 0.75 2.09 0.16 4.69 1.545 2.08· 3.85 1.34-8
1960 544- 194-7-53 1194 0.46 2.14 0.15 3.07 1.122 2.17 3.42 1.230
1961 220 1948-54- 1203 0.18 2.24- 0.14 1.. 29 0.255
1962 340 1949-55 1083 0.. 31 2.39 0.12 2.58 0.948
-- ~.-.-

....

.-.

, ,
! :

* The bioDass of the spavming stock under Dean nortalities at (5) expressea as a proportion of the unexploited oature stock
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Figure 3 Stock/recruitment relationships for Arcto-Norwegian, West Greenland and Gulf of St. Lawrence cod.
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