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Overview of cod stocks, biology, and environment in the
Northwest Atlantic region of Newfoundland, with emphasis on
northern cod
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Total  lancl ings of  cocl  in thc Ncrvfoundland region _(NAFO Div is ions 2GHJ.

3KLMNO. "nc, i  Subdiuis iun 3Ps) incrcased f rom --  I  x  l0)  mctr ic  tonn( js ( t )  in l8(x)  t . ,
- - , {  x  105 t  in 1950. Landings rhcn increasecl  to >l  x  l0( ' t  in  l96lJ ancl  thcn decl inecl  t

<2 x l0s t  by l97E. I -andi igs again incrcased to 3.5 x l ( l ' t  in  t5c lgN{t \  rnJ af ter  l r t88

droppcd to < I  x  105 t .  Bv 1993 thc c.c l  f ishc ry thror-rghout the n.ra ior i t .v  of  the region

wasikrsccl .  Northcrn cod (2J+3KL) spawncr populat ion cst imates fo l lou 'a tcmPorl r l

pat tern s imi lar  to lancl ings;  current  lcvels arc at  a rccort l  minimum.r t l f  {  I  x  10'  and

Lauc been paral lc lcd b1, '  a col lapse in the s izc anci  agc structurc t l f  thc stc lck.  [Jnder thc

prevai l ing levels of  f is l . r ing morta l i tv .  recrui tn lent  pcr  spawncr rvas below rcplacemcnt

i rom lgU3 onwards,  paia l le l ing thc stock c lecl inc.  Recrui tn lent  deternl inat ion is

c6nsistent  wi th a parent  stock-recrui tnrent  rc lat ionship.  Wldesprcacl  d ist r ibut ions of

agc 5* cod.  typical ly  seen in the l9E0s.  becanre morc agqregatccl  torvard the of fshore.

c i lminat ing in very fcw maior  aggregat ions along thc shel f  brcak i r r  1992. Winter

spr ing spawning throughout thc rcgion is  protractcd (3{  months) ancl  may be mt l rc

f iequini  in inshorc reqions ancl  on banks than has been previously perccived. .Thc

evcia l l  physio logical  concl i t ion of  northern cod in more norther lv rcgions hl ts  becn

dccreasing s incc lgfJ l l .  ant l  onlV in thc ntost  rccent  vcars have capcl in becn Vir tual l l '

absent f rc im thc stontachs ol  cod in northcr ly  regions.  Lcngths at  50' l / ,  rnatur i t l  have

bccn c lecl in ing s ince the ear ly 1980s.  part icular ly  in northcr l l ' reqions.  Fishing

n.ror ta l i t l ' for  northcrn cocl  rvas consistcnt lv  >0.-1 in the rr ic l -1970s.  Thc rcductron ol  F

to <g. .1 dur ing 1977 to l9u0 was paral lc lcd and fo l lorvecl  by incrcascs i l t  t l ic  i tbundance

oi  the sparvner populat ion.  Slorv ly increasing f ishing Inorta l i t ics af tcr  l9 lJO accclcratcd

af tcr  191J7.  TI ]c combincd cf fccts of  t ishing m()r ta l i t .v  t ln spawning populat ion s izc ani l

rcduct i6n in lcngth ancl  agc rcduced lccuncl i ty  contr ibut iorrs of  o lder indiv iduals.  A

reccnt  cxaminat ion of  a sal in i t -v-recrui tmcnt re lat ionship sho*s th l r l  rv i th thc acld i t ion

of  sparvning-stock biomass cst imir tcs.  rccrui tmcnt cst iml l tcs can bc wcl l  Inocie l lcd A

scr ics of  ycars charactcr izecl  by 'bct tcr  than avcrage cnvir t tnnrcntal  c t lnc l i t ions ui l l

l ikc lv bc rcquired to provic lc the good rccrui tnrent  ncccssarv to rebui ld the stock s ize

and lcngth/agc structurc.
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Introduction

Thc cri t ical status of Atlarrt ic cod ((-Jarlrrs rnorhuu L.) i t ' t

thc Nervlouncl land ancl Labrador region of thc North-

rvcst Atlantic. part icularlv northcrn cod in the North-

wcs t  A t lan t ic  F ishcr ics  ( ) rgan iza t ion  (NAFO)  D iv is rons

2.J+3KL.  was rccogn izc t l  in  the  la tc  1970s  (K i rb .v .  19 f i2 ) .

again in thc mid-l9tt0s fol lowing a sevt: rc dccl ine in thc

inshore f ishcr,v (Alverson. l9tt7). and morc rece nt lY in

1989 (Har r is .  1990) .  S incc  then.  coc l  s tock  levc ls  have

bccome so low that Canadian commcrcial cocl f ishing is

norv banned throughout most of the rcgion (Divisrons

2J+3KLNO anc l  Subd iv is ion  3Ps)  and long- tc rm pros-
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pects lor rebui lding thc northern cod stock arc such that
"rccoverv of the spawning stock biomass is unl ikcly
bc fore  thc  year  2 (X)0  a t  the  car l i cs r "  (Anon. .  1993.  p .  l6 ) .
At thc samc t ime a considcrablc e tfort has bccn
mountecl to cxamine morc closcly the naturc of catch
stat ist ics. f ishing cl ' lort.  populat ion sizc. cl istr ibution and
structurc. spawnine ancl recruitment. fccdin-q, growth.
matur i t y .  and cond i t ion .  c tc . .  i l s  we l l  as  var ia t ions  in  thc
cl imatc and thc physical cnvironmcnt. ' fhc 

majori ty ol
thcsc efforts. which havc primari ly focuscd on thc
"nor thcrn  cod"  o f  NAFO Div is ions  2J+3KL.  a rc  onso-
ing ,  and somc o f  thosc  rcsu l ts  a rc  p rcsentcd  c lsewhcrc  in
this ICES Clocl and Climatc Change Svmposium volumc.

The goal of this art iclc is to compile from the se sources
somc of thc morc important i lspccts of thc f indings in
orcle r to provicle a t intcly. thouch primari lv cle script ive .
overvicw ol ' thc cod stocks, thcir biologv and surround-
ins cnvironmcnt in thc Ncwfirundland rcsion. {bcusing
mainl l"  on northcrn cod ovcr thc last 10 to 20 vcars. In
doing so. wc hope to proviclc for gcneral and futurc
insights to analyt ical comparisons with thc othcr Atlar-r-
t ic cocl stocks ancl to provide a -elcncral background f irr
the morc spccif ic and analvt ical stucl ics on cocl from the
Newlound land rcg ion  tha t  a rc  conta incd  w i th in  th is
r,olume .

Landings, population estimates and
distr ibution

I -and ings

Atlantic cocl havc lrccn exploitcd in thc Nervfoundlancl
rcg ion  (NAFO Div is ions  2GHJ.  3KLMNO and Subd iv -
ision 3Ps) sincc thc latc l .{(X)s. Total re portcd cornrner-
cial lancl incs bv ul l  Canacl ian ancl Ncwfoundland f lccts
runcl gcar incrcascci f  rom uhout 1 r I{) i  nrctr ic t i )nnt:s (t)
in  lE(X)  to  anrund - l  x  l0 i  r  in  l r )5 { t  {F ig .  l )  Suhscqucnt
to l t)-50. ancl rvi th thc cxtcnsion of lons-cl istancc l i rrc- ign
f lcc ts  (p r imar i l v  Europcan anc l  Sov ic t )  in to  thc  Nor th -
\\ 'cst Atlantic, totul rcportecl landinss incrcascd dra-
maticrt l lV to >1 x l0" t  in 1968 ancl thcn clecl inccl just as
sharp lv  to  <2  x  105 t  h r  [ t )7X.  a  t rcn i l  wh ich  hc lpec l
s t imu la te  thc  in t roc luc t ion  o f  to ta l  a l lowab le  ca tch
(TAC)  l im i ts  in  I97 .1  anc l  the  cxrcns ion  o l  ( lanada 's
cconomic  manascmcnt  zone t ( )  2 (X)  rn i le  s  in  1977 (F ig .
l ) .  ln  thc  rn ic l - l9 lJ0s .  lanc l ings  inc rcasec l  to  -3 . -5  x  l ( l i  r .
ptrr lr l lc l inq the introcluct ion ancl incrcasccl exploitat ion
by the Canadian of lshore trau,lcr f lcct.  Afte r l9,Sfi
l l rnd ings  c l roppcc l  sharp l l  t ( )  -  |  )  l { l i  r  in  l (J t )2 .  p i l r t l v  a
rcsult of thc carlv ckrsurc ol parts ol '  thc Carracl ian
offshorc cod l ishcrt, .  arrcl latcr t l ' rc inshorc f ishcrv. Latcr
in 1992 ( lanadir closccl al l  comnrcrcial cocl f ishing rvithin
the Canacl i trn cconomic managelncnt zone t l trou-qlrout
2J+3KI -  (nor thcrn  coc l ) .  Thc  c losurc  has  s rncc
cxpandcd to  inc ludc  D iv is ions  3NO and Subc l i v is ion

Cod stot 'ks: Lubrudor und Newfoundland waters l , l l

3Ps. Exploitat ion bv forcign f lects outsidc thc Canadian
cconomic  managcment  zonc  ( the .  ' .n ( )sL- "  i l l td  " ta i l "  o f
the  Grand Bank anc l  D iv is ion  3M -  F lcmish  Cap)  i s
undcr  NAFO ju r isd ic t ion .  and a l rhoueh no t  l im i ted  by
the Canacl ian closurc. NAFO has subscclucntly
cnclorscd the ccssation ol comrncrcial cod f ishing on the
"nosc"  anc l  " ta i l "  o l '  the  Granc l  Banks .  bu t  no t  on  thc
F lcmish  Cap (D iv is ion  3M) .

Sincc l9-50. Newfounci land ancl Labraclor cod stocks
havc bccn manage cl ntore-or- lcss as stock "compoltcnts"

accord ing  to  thc  NAFO Div is ions .  i . c .  2GFl  (nor thcrn
l -abrac lo r  cod) .  2J  +  3KI -  (nor rhern  coc i ) .  3NO (southern
Granc l  Bank  cod) .  and 3Ps cod.  Morc  reccnt ly  (s ince
1987)  

' IACI  
managcment  fo r  nor thcrn  cod (2J+3KL)  has

rcf lcctcd a onc-thircl  al location among each o{ the Div-
isions (2.1. 3K. and 3L) l i rr  thc offshorc l ishcry. althoueh
thc stock is assessccl as a unit .  Divisional lar-rcl ing stut-
ist ics shorv a high dcere c of variat ion within ancl anr()ng
Div is ions  (F ig .  2 ) .  Land incs  wcre  h ighcs t  in  a l l  D iv is ions
dur ing  thc  1960s ( rc f l cc t ing  to rc ign  exp lo i ta t ion) .
though rc la t i vc lv  low (  -5  x  l  0+  t  )  and s tab lc  in  rhe  most
southcrn region (3Ps) ancl in the most northcrn rr-gion
(2CiH) .  w i th  the  cxccpt ion  in  thc  la t tc r  o f  inc rcascc l
cxp lo i ta t ion  (aga in  p r in rar i l l -  fo rc ign)  dur ing  l9 ( r5  to
1970 (F ig .  2 ) .  Thc  h ighcs t  land inss  havc  bccn cor . rs is r -
cn t ly  and consp icuous l l ,  dc r ivcd  I rom the  "nor thcrn"

cocl stocks in 2.1+3KL. part icularlv the southcrn [_ubra-
clor banks (2J) ancl thc norrhern Grand Bank (3L)
th roushout  thc  19( r0s  and car lv  197{ )s  (F iu .  l ) .

Popu la t ion  es t in la tes

Scc lucn t ia l  popu la t ion  r rna lvs is  (SPA)  cs t imatcs  o f
spawncrs  (agcs  ( r *  in  th is  scc t ion  o l  thc  papcr )  in  thc
Ncrvfouncl lancl re gion f nrm the micl-1950s to 1993 l ir l lou,
a tcntporal pattcrn sint i lar to that sccn in the tot i l l
Iancl ings. rr ' i th thc maxintunt cst imutcs of : ' I  x l0')  in
2J+3KI -  in  the  car ly  1960s  dcc l in ing  hv  one orc le r  o l '
magn i tuc lc  ro  - l  x  10s  in  1977 (F ig .  3 ) .  Subscqucnt
incrcascs  to  >3  x  l0 r ' in  1987 in  2J+3KL werc  soon
tol lowecl bv a sharp de crcase to a re corcl rninimum of lcss
than I  x  10s  in  1993 (F ig .  3 ) .  The tcmpora l  pa t tc rn  sccn
in  thc  age ( r *  popu la t ion  cs t imates  is  a lso  apparent .
though le  ss  p ronounccd.  in  thc  h is to r icu l l v  n tuch  smal lc r
( l r l u r r r :  I  I t t ' ) . l N ( )  l r r r t i  . l P s  e s l i r n t r t c :  ( F i u .  . t t .

SPA rccruitnte nt L-st imutL.\ rr l  ugc - l  e,rt l  ulst,  shou, lr
pa t tc rn  s imi la r  to  tha t  sccn  in  bo t l t  thc  lanc l ings  : rnc l
spa\ \ 'nc r  popu la t ion  cs t imatcs  (F ig .  3 ) .  Thc  scncnr l
corrclat ion (rr:0..5.1) bctrvccn spa\\,ncr arrcl re cruit  cst i-
rnatcs for 2.1+3KL cocl is incl icat ive ol u stock-rccruit
rc la t ionsh ip  (scc  Mvcrs  c l  a / . .  1993a)  and is  fu r thcr
aclclrcsscd bclorv.

Thc  rcduc t io r r  in  popu la t ion  s izc  o l  2J+3KL coc l  has
bccn para l le lcc l  in  rcccn t  ycars  b ' , ,  a  rcduc t ion  in  thc
avcntgc  s izc  anc l  ugc  o f  thc  popu la t ion .  ' l ' hc  

in tc rquar t i l c
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lcngth ranges of cod in migrating aggrcgations dccl ined

from 4-5-57 crn in Junc 1990 to'12-4tl  cm in June 1992

(B ishop er  u l . ,  l ( )93 ' .  Rosc ,  1993) .  The average agc  in

1993. dcrivcd from rcsearch vcssel (RV) survey data,

was -: l  years and was bounded by a relat ively narrow

age distr ihution (Fig. zl).

I (  F - S  m a r .  S c i .  5 1 n r p . .  l 9 l  (  1 9 9 { )

Adult distr ibutions

Abundance distr ibutions of cod in the Ncwfoundland

and Labrador rcgit tn. dcrivcd from annual RV survcys

in the carly 1980s, can be considercd "t1'pical" (scc

B ishop e t  u l . .1993 fo r  g rca ter  tcmpora l  dc ta i l )  and show

1  800 1 840 1 8 8 0 1 920 1  9 6 0 2000
1  8 2 0 1  8 6 0 1 900 1 940 1  9 8 0

Figurc l .  Total  rcportcd comnrcrc ia l  landings ( t )  of  cod in thc Ncwfoundland rcgion (NAFO Div is ions 2GHJ'  3KLMNO. and

Su' i rd iu is ion 3l 's)  s incc 1800 for  a l l  gcar scctor .s.  Rcportccl  landrngs to 1950 for  pre-confcdcrat ion Newfoundland (NFLD-no CIDN)

includc NAFO Arcas 2 ancl  3 6nly ind cxcluclc Canird ian and forc ign lancl ings.  Reportcd landings to 1950 for  Canada (Canada-no

Nl- ' l -D) inc ludc only NAFO Arci  3 ancl  cxcludc Ncwfouncl lancl  ancl  forc ign landings.  Total  rcportcd landings subscqucnt to 1950

includc al l  Canacl ian ancl  forc ign f lccts ancl  gcar in NAFO Areas 2 ancl  3.  Major  managcmcnt changcs arc notcd in 195t)  ( fo l lowing

Ncwfouncl lan6 jo in ing Canadian Confcdciat ion in 19'19).  197,1 ( int roduct ion of  Total  Al lowable Catchcs),  1977 (cxtcnston ot

Canacl ian ccongmic nranagcmcnt zonc to 2(X) mi lcs) ,  1992 (Canadran morator ium on domest ic commcrcia l  catch in 2J+3KL)

Data arc c lcr ivcd f rom ICNAF (  1959- 1978) ancl  NAFO ( l97lJ+ )  Stat is t ical  tsul lc t ins and Anon l98l  .  Post-  l9 lJ9 data arc consic lcrcd

nrovis ional .
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F igu rc2 .  To ta l  r cpo r t cdc<x rn r c r c i a l  l and ings ( t ) bya l l  f l c c t sanc l  a l l gca r ( f o re i gnanc lCanac l i an )o f coc l t b r t hc r r c r i od l g53 to l gg2
in thc Ncwfoundland and Labrador rcgion of  the Northwcst  At lant ic  by NAFO Dir is ion.  Timcs st- r ics arc ovcr la id 6n thc
Div is ional  chart  ( -  -  -  - ) ,  which also shows thc 1000 m isobath out l in ingthc shel f  brcak andthc Flemish Cap ( .  .  .  .  . ) .  Data arc f rom
Anon .  ( 19 t i l ) .  ICNAF  (1959 -197U)  and  NAFO (1978+ )  S ta t i s t i ca l  t su l l c t i ns .  Pos t - l 9xq  da t r  r r e .  c t ' n s i dc r cd  o rov i s i ona l .
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avcragc agc (ycars + I  s .c i . )  of  cocl  in NAFC)
Div is ions lJ+iKL lbr  thc pcr iod l98l  to 1993 calcularcci  fnrnr
autunln rcscarch vcsscl  survc)  catch data wcightccl  l tv  surt ,cv
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Ficurc 3.  I 'opulat ion asscssmcnt cst imatcs of  aqc 6* spawncrs
and agc-3 rccrui ts  for  Ncwfoundlancl  cod in NAFO Div is ion:
2J3KL. 3NC).  ancl  3Ps l i r r  thc pcr iod 195t t  to 1993. Notc rhc
i l lustrat ions arc of fsct  bv 3 vcars to a l ign thc agc-3 cst imatcs
with thc spawncr populat ion at  vcar of  b i r th.  F inc- t raccd
cst imi l tcs arc c lcr ived fnrrr  thc 1990 ancl  l99l  scqucnt ia l  popu-
lat ion cst inratcs (  af tcr  Bairc l  r :  t  u 1. ,  l9t ) ( t  ancl  Bishop er c/ .  .  I  99 I  )
u,h ich i r rc luclcd ( 'anacl i l rn rcscarch vcsscl  survcv cst imatcs.
comnrcrc ia l  catch ratc informlt t i ( )n.  ant l  thc Ft ! . ;ch rcsci r rch
survcv c lata lor  3Ps.  Post-1t)77 cst imatcs t raccd in bold arc f ron.r
1993 scqucnt ia l  populat ion cst imatcs calculatcd using rcscarch
vcsscl  survcv cst imales only (af tcr  Bishop cr  a1. .  1993).

l r cqucnt .  w idcspread cu tchcs  o f  agc  5+ cod rang ing
tronr l0 to l(X) pcr l /2 h standarcl torv (Fig. -5). Dunn_q
the late 19lJ0s and carly 1990s catchcs became progrcss-
ivclv morc contagious, and rclat ivc to thc earl icr period
hieh catche s wcrc m()rc fre qucnt in a southcrlv cl ircct ion
anc l  wcrc  c loser  to  the  o l fshore  she l f  b rcak .  Th is  p ro-
grcssion culminated in 1992 with scvcrel l ,  rcduccd sur-
vcy catch ratcs in thc nrajorirv of scts ( << I 0 pcr 1/2 h tou')
throughout thc rceion. cxccpt lor onc largc aggrcgation
a long thc  she l f  b rcak  a t  rhe  borc ic r  bc tween 3K and 3 l_
and t\ \ 'o smaller uegregations ncar lhe shclf  brcak in
Subd iv is ion  3Ps (F ig .  6 ) .  An  cxaminat ion  o f  somc o f
thcse cl istr ibutional changcs ancl associatccl variat ions in
wate r tcmpe nrturc is proviclcd in Rosc et ul.  ( l99lJ.

J u v c r r  i  l e  d i s t r i b u t i t l n s

Invcs t i -qa t ions  o l  the  d is t r ibu t ions  o f  dcrncrsa l  juvcn i le
cod dur ing  thc  per iod  lg lJ l  to  1992 (Andcrson.  1993)
show tha t  agc  1+ juvcn i les  a rc  conccut ra tec l  p r imar i l v
lulong thc coastal rcgions of northcrn Ncwfoundlancl und
Labrador ancl furthe r of l 'shorc on thc Grand Banks (Fig.
7 ) .  

' Ih is  
pa t tc rn  i s .  in  par t .  cons is tcn t  w i th  d is t r ibu t ions

of 0-sroup pelaaic juvcrr i lcs. at lcast f i rr  thc Vcars l99l
and l9t)2, whcn the 0-eroup was primari ly conccntratcd
in the inshorc rcgions (Anclerson ar-rcl Dal lcv. 1993). Thc
ne arshorc conccntrat iorrs appci lr  to bc a reccnt patte rn
and no t  cons is tcn t  w i th  h is to r ica l  observa t ions  wh ic l t
shorv O-group pclagic . juvcni lcs rvidel l ,  distr ibuted ove r
thc  shc l f  rcg ion  (Andcrson c /  a / . .  in  p ress) .  Ncver thc-
less. with incrcasing age . juvcni les durine thc pcriocl
l9l t1 to 1992 we rc f irund prosrcssivcl l ,  furthcr offsl .rore
on the  shc l l  (F ig .  7 ) .  l  pa t tc rn  s t r i k ing lv  s in r i la r  to  rha t
sccn for the older agc gr()ups cluring thc l9lt0s (Fig. 5)
and consistcnt rvi th the observation that by agc . l  thc
juvcni lcs are bc-qinning to aclopt thc distr ibutional and
migra tory  behav iour  o l ' thc  maturc  asc  c lasscs  (Rosc .
I  993) .

Spawning ,  cgg ,  and la rva l  d is t r ibu t ions

Mycrs cr a/.  (1993b) havc conclucle d thut cod spa\\,nrns
throughout thc 2GI{J ancl 3KL Divisions is protractccl
(3 - .1  n ron ths) l  ecncra l l v  hcg inn ins  an t i  cnd ing  car l i c r  in
thc  nor th  (Jan-Jun)  and lu tc r  anc l  morc  p ro t rac tcd
(Fcb Se p)  in  thc  south .  Sp lu  n inq  in  thc  rn . r r r i  s ( )u t l l c r l y
Divisions of 3NO ancl 3Ps re aches i ts rnaximurn in Aor
May ancl thcre is no signif icant lat i tucl inal trcncl in ihc
avcragc  spawning  t i rnc  (Mycrs  c l  a / . .  1993b) .

Historical ly. cod c{gs ancl earlv stagc larvuc in thc

s l ra lun t  a rca
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Figurc 5.  Rcscarch survcv losl r ) -scalcci  abuncl i rncc (numbcr pcr  l /2 h tow) c l is t r ibut ions ol  agc-5* cocl  in NAFO Div is io l ts
l . l +3K l -  (Scp .  t o  No r ' .  o f  l e  a r ) .  Subd i v i s i on  3 l ' s  (Fcb .  o f  v ca r+  l ) .  anc l  3NO (Ap r i l o f  v ca r+  1 )  du r i ng thc  pc r i od  19 f i 2 ro  198 :1  ( a l t c r
B i shopc ta1 . . 1993 ) .No t c : t l n l vn t l I t z c r t l ca t chcsa rcp l t l t t c c l .Sc t conccn t ra t i ( ) n fo ra tV } ] iCa lannua l su rvcv i s i l l u s t r a ted
lcf t  pancl .

4648505256Jd60'464A5052545658O U

56

55

54

53

52

5 l

CU

49

48

47

46

45

44

43"

56

c 3

53

52

5 1

49

48

47

46

45

44

46485052c45652545660"

44

43



l,16 (.. T. Taggart et al

58 56 54 52

l (  t i s n r r r .  S c i .  S v n r p . .  l 9 l t ( 1 9 9 - 1 )

52 50 48 46

5

52

c l

50

49

48

47

46

45

44

43

50 48 46
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Notc:  onlv non zcro catchcs arc p lot tcc l .  Sct  conccntrat ion for  a typical  annual  survcv is  i l lustratcd in thc uppcr lc f t  parrc l  of
Figurc 5.
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otfshorc havc bccn conccntrated on and alons thc shclf
h re  r rk  r r I  thc  L rhr i rdor  Shc l l  lnd  Gr i rn t l  B l rnks .  p r r r t i cu-
la r lv  in  thc  morc  nor thern  rcg ions  (Scrcbryakov  1965,
1968) .  Data  compi lcc l  by  F i tzpa t r i ck  anc l  M i l le r  (1979)
sugeestcd spawning was concentratcd alon-e thc shelf
b rcak  o f  I lami l ton .  Bc l l c  Is lc  and Funk  Is lanc l  Banks  in
2J+3K.  thc  southcrn  shc l f  b reak  o l  thc  F lcmish  Cap
( - lM) .  the  southwest  and southcas t  shc l f  b reak  o f  the
Grand Banks  (3NO) .  and thc  shc l f  b rcak  o f  S t  P ie r rc
Bar rk  in  D iv is ion  3Ps (F ig .  8 ) .  Howcvcr .  reccn t  ana lys is
by Hutchings et ul.  (1993) of cod maturi ty data col lccted
during the period l9'16-1992 suggcst that spawning may
bc more prcvalcnt in inshorc rcgions. along western
(landward) cdgcs of offshore banks, as well  as the
in tc r io r  o f  the  Grand Bank (F ig .  l3 ) .  spawning  on  the
she l f .  in  nor thern  D iv is ion  3L .  has  bccn documentcd  in
1991 and 1992 (Rose.  1993) .

Stock health

Body cond i t ion  ind iccs

Thc overal l  zrveragc body condit ion indcx (Kf :  gutteci
rvcight x lcngth r) of age 3 to 11 cod in Divisions
2J+3KL dur ing  rhe  per iod  1979 to  1992 is  0 .77 ,  and
o ldcr  ind iv idua ls  (agc  9+)  a re  gcncra l l y  in  be t te r  than
avcrage condit ion relat ivc to thc younger age classcs
(Fig. 9). However. thc youngcst age group (ages 3 -5) in
(3L) is oftcn at or bclow averagc condit ion. whercas the
same agc group in the morc northerly (2J) rcgion is
gcncral ly abovc averagc, cxcept most reccntly (Fig. 9).
I t  is apparcnt from thcsc data that the avcragc condit ion
in al l  agc groups in 2J ancl 3K has hecn dccreasing srnce
19 l3 t t  (sce  a lso  B ishop and Ba i rd .  1993) .

I t  is possible that the body concl i t ion indcx (Fig. 9)
may be sizc-dcpendcnt, as shown by gencral incrcascs in
condit ion rvith age (and thcrefore gcneral ly with length)
in  a l l  th rcc  d iv is ions .  Thus .  wc  ca lcu la tcd  the  l i vc r
cond i t ion  indcx  (K l  -  l i ve r  wc igh t  x  gu t ted  we igh t  r )

l i r r  four  d i l le ren t  l cng th  e roups  (27-35. .1 -5- -53 .63  71 .
and 90 913 cm) of 2J+3Kl- cocl as opposcd to thc age
groups. Somc aspects of thc pattcrns obscrvccl in Kf
among Divisions and age groups are gcne ral ly rcf lected
in thc l ive r condit ion indcx (Fig. 10). The ovcral l  agc Kl
for the period 1979 to 1992 for the length groups con-
sidered is 0.066 and thc largcr length classes arc gener-
a l l v  in  bc t te r  cond i t ion  than the  smal le r  leng th  c lasscs .
As scen in thc Kf condit ion index, thc largcr lcngth
classes in the morc northcrly Divisions (2J+3K) are rn
abovc avcrage condit ion. exccpt in thc most reccnt years
in  D iv is ion  2J .  wherc  a  decrcas ing  t rcnd ,  s ta r t ing  in
19139. is apparcnt. Although similar short-tcrm trcnds
\\ 'erc apparent in previous years, thc recent trcnci in 2J is
toward record low lcvcls. In contrast. thc three smallest
lcngth classcs in thc most southerly rcgion (3L) have
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been consistcntly below the ovcral l  avcrage Kl. cxcept
subscqucnt to 19811. when thc Kl 's show montttonic
increases that appcar to bc approaching rccorcl high
levc ls  in  a l l  thc  length  c lasses  cons idercd  (F ig .  l0 ) .

Three dit ferent processcs may explain the observcd
variat ion in condit ion indices. Thc f irst,  and pcrhaps
simplist,  is that gencral ly "good" concl i t ion cod have
movcd l ' rom more northerly rcgior-rs (2J) to more south-
erly regions (3L). thercby inf lucncing the apparent
rcccnt incrcase s in condit ion in 3L. This exolanation is
consistcnt with the obserle t l  chungr-s in ih..  survcy-
bascd distr ibution of cod scen in the most reccnt vcars
(Fig. 6). Howcver, i f  this was the only proccss, a similar
change would bc cxpectcd in thc condit ion of 3K f ish and
th is  i s  no t  rcad i l y  apparent .

A second possiblc explanation is that both condit ional
indices (Kf and KI), each derivcd from seasonally f ixcct
annual survey samples. have rccently becomc progrcss-
ivcly al iascd with rcspect to normal seasonal cycles in
cod physiology that are depcndent on tempcraturc ancl
fceding success. Jangaard et al.  (1967) have shown that
the oi l  content (and a variety of l ipid consti tucnts) in cod
l ivcrs on the Scotian Shclf has a pronounced scasonal
cyclc that pcaks in late autumn and early winter lbl low-
ing scasonal increases in tempcraturc and fccding. This
scasonir l  cycl ing is consistent with that shown for l iver
wcights in Norwcgian cod (E,l iasscn and Vahl, l9l t2).
Condit ion indices compiled lrom scvcral ycars of data
tbr Division 3L on the Grand Bank show that Kl cyclcs
around the ovcral l  avcrage Kl of 0.066 estimated above
(F ig .  l l ) .  Bccause tcmpera ture  pa t tc rns ,  cxprcsscd as
physiological degrcc-days, have bccomc progrcssively
shifted in reccnt yeitrs in thc Newfoundland region.
part icularly in northward rcgions wherc anomalously
co ld  cnv i ronmcnta l  cond i t ions  ex is t  (see  bc low) .  i t  i s
rcasonablc to hypothesizc that thc normal physiological
cyclc. as exprcssed in condit ion factors, has shif tecl.
Thus a t imc serics of annual cst imatcs can rcsult in
apparent anomalous trcnds. bccause thc sampling f irr
the indices has not bccn adjusted for the physiological
shif t .  Thc potential f  or this effcct may bc furthcr com-
poundcd by the fact that survey data for condit ion
indices are col lccted at di l l 'ere nt t imes (spread over I  to 3
months) among thc dif fercnt regions during the Autumn
survey pcriod.

A third cxplanation for the variat ion in condit ion
factors may be found in lcccl ing performance as cst i-
mated from part ial ful lness (capelin and other prey)
indices for cod (Fig. 12). Although thc dara have not
bee n standardized for sampling eff irr t  (scc Li l ly. 1993.
199,+) .  i t  i s  apparent  tha t  in  thc  most  recent  ycars  (1991
and 1992) capelin have bccn virtual ly absent frorn thc
stomachs of cod col lecte d in Division 2J. consistcnt with
thc reccnt decl incs in Kf and KI. 

' fhesc 
f indings arc also

consistcnt with the virtual abscnce of capelin in Division
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Figurc 9.  Avcrage bocl l -  condi t ion indiccs (Kf  -  gut tcd *c i rht  '  lcngth r)  for  eod in NAFO Div is ions 2J.  3K. and 3L avcrascd
ovcr thrcc di f fcrcnt  agc groups (3-5,  G8. 9 1 l )  samplcd c lur ing autumn rcscarch survcys ovcr thc per iod 1979 to 1992. Thc dot tecl
l inc at  0.77 rcf lccts thc ovcral l  (a l l  agcs.  a l l  Div is ions,  a l l  t imcs) avcrage condi t ion.  Data f rom Bishop and Baird (1993).

2J in rcccnt ycars. i l t  lcast during thc autumn capelin
re  scz i rch  survcvs  (Mi l l c r  and L i l l y ,  1991;  Mi l le r .  1993) .
In contrast, stomach ful lncss indiccs Ior cocl in Division
3L in 1990 through 1992 arc the highcst on rccord and
show a greatcr proport ion of capcl in than for any pre-
v ious  cs t imate  (F ig .  12) .  a  pa t te rn  tha t  i s  a lso  cons is ten t
rvith thc apparcnt recent increascs in Kl in Division 3L.
Final ly. ful lncss incl iccs for Division 3K have bcen
consistently at or abovc avcragc since 1986, a pattern

that is not rcf lccted in the Kf and Kl est imates. l low-
ever, i t  is unclcar at this t ime how the changing geo-
graphic distr ibutions of cod and their prcy through t ime
mav be inf lucncing the ful lness indices (sec Li l ly. 19911).

Length  and i lge  o f  ml tu r i t y

Lengths at -50% maturi ty in both fcmale and malc cod
throughout Divisions 2J+3KL have bcen trcnding
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downwarcl since thc carly 1980s (Fig. 13a, b). Thc de-

cl ining tre nd is most prttnounccd ancl least variable in 2J

l ish (slorvcst growing). whilc morc variablc ancl lcss

pronouncccl in thc more southcrlv ancl faster growing 3L

Iish. Thc ovcral l  decl ir-rcs calculatcd from the combincd
og ives  amount  to  -  l0  cm in  the  femalcs  (F ig .  13a)  and
-8 .5  cm in  thc  males  (F ig .  13b) .  Decrcascs  in  length  a t

maturi ty are consistcnt with size sclcct ivc exploitat ion.

Changes in thc avcrage agc at -50%, maturi tv of fcmale

and malc cod from thc samc Divisions ovcr the same
pcriod (Fig. 13c) did not show a downrvard trcnd unti l

the latc 191i0s; femalcs and males arc now showing thc
youngest agcs ut 50'/ , ,  maturi ty (agc 5.,1 and age , l

rcspectivcly) in the 1979 to 1993 record. Modcl-based
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e st imatcs of maturi ty at age alsc'r show a trcnd in increas-
ing  propor t ions  mature  fo r  coc l  agcd 5 ,6 ,  and 7  years
s ince  1986 (She l ton  and Morgan.  1993a,  b .  in  p ress) .

F ish ing  mor ta l i t y  and spawner  b iomass
rep lacement

Fishing mortal i ty cst imates (F) for cod in Divisions
2J+3KL cxarnined reccntly by Shclton ancl Morgan
(1993a, b. in press). clerivcd from SPA cstimatcs rn
Bishop et al.  (1993). were consiste nt ly >0.35 in the mid-
1970s.  a t  t imes excccd ing  1 .0  in  the  o lder  (9 -11)  agc
classcs (Fig. l t la). High Fs occurrccl during the precipi-
tous  dec l inc  in  land ings  (F igs .  1 .2 ) .  and in  cs t imates  o f
thc sizc ol the s;rawncr populat ion ancl age 3 recruitmcnt
(Fig. 3). During thc 1977 to l9tt0 period. fol lowing the
extension of Canacla's economic managcmcnt zone to
200 milcs in 1977 (see Fig. l) .  thcrc was a recluct ion in F
to below 0..1 in al l  agc classcs (Fig. l la). This pcriocl of
rcduccd cxploitat ion was paral lclcd by incrcases in thc
size of thc spawncr populat ion and subscquent recruit-
mcnt from 197u to 1982 (Fig. 3). Horvever. from l9l l0 to
1991 (aftcr which seve re catch rcstr ict ions ancl f ishirrg
c losurcs  bcgan) therc  was l r  cor rs is tcn t  inc rc ' i rs ing  t rcnd
in f ishing mortal i tv (Fig. l : la) with a part icularl l '  markcd
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incrcasc during thc f inal stage of thc prccipitous decl inc
in  land ings  (F igs .  1 ,2 ) .  I t  must  bc  no tcd  tha t  thc  SPA
populat ion and f ishing mortal i tv cst imates arc dcrivccl
undcr the assumption of a l ixed natural mortal i tv.
Ncvcrthclcss. cle spite thc rcducccl F e st imatcs in thc latc
1970s and ear lv  1980s  (F ig .  l la ) .  land ings  in  2J  showcc l  a
l im i tcd  inc rease to  a  rcccn t  (pos t -1977)  rnax imurn  in
198.1 (Fig. 2). Incrcasccl landings wcrc morc pronouncccl
in  3K to  a  rcccn t  max imum in  198.5 .  and in  3L  to  rcccn t
maxima in l9lt-5 and 191t8 (Fig. 2). lncrcascd lancl ings
were associatcd with incrcasing l ishing mortul i t ics aftcr
l9[t0 (scc also Hutchings and Mye rs. in prcss).

Thc cornbined effects of fishins mortality on thc spawn-
ing populat ion sizc ol northern cocl.  anci the rcsult irr-{
recluct ion in lcngth ancl agc structurc ofthc populat ions.
has rcducecl the fecundity contr ibutions oI thc olcler
( lareer. more fccund) indivicluals und can have a dra-
matic inf lucncc on rccruitment (Hutchings ancl Mycrs.
1993). Changcs in rveights and proport i t ' rns maturc at
agc have actecl in concert with changcs in l ishins mor-
tal i ty to inf luencc the amount o1'rccruitmcnt rcquire cl to
rcplace thc spawncr stock (Shclton ancl Morgan.
1993a.  b .  in  p rcss) .  Ca lcu la t ions  o f  rcc ru i tn tcn t  pcr '
spawncr show that annual values u,crc bclow rcplacc-
mcnt lcvcls in thc micl-1970s. rose bricf lv abovc reDlacc-
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Figurc 1 l .  Thc scasonul  cyclc in thc uvcmgc (+ I  s .d.)  of  annual  nronthl i , '  avcragcs (whcn avai lablc)  of  thc cod l ivcr  concl i t ion
incicx (Kl  :  l ivcr  rvc ight  x c.ut tcd wcight  r )  for  NAFO Div is ion 3L compi lcc l  tbr  thc pcnoci  l97l t -1992. 

' l 'hc 
samplc s izc for  cach

monthly avcragc is  h ighly var iablc ancl  is  notct l  besidc cach.  Notc:  not  a l l  ycars arc rcprcscntcd for  a l l  months.  Thc dot tcd l inc at
0.066 rcf lccts thc overal l  avcragc Kl  for  thc Div is ionir l  Icngth groul . rs shown in Figurc 10.
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Figurc 12. Avcragc ful lncss inclcx for cod stonrachs par-
trt ioncd into capcl in ancl "othcr" prcy spccics sarr]plccl during
Autumn ovcr thc pcriod l97l l  to 1992 in NAFO Divisions 2J,
3K. ancl 3L. Zcro (bascl inc) incl iccs indicatc no data avai lablc.
From Li l ly ( 1993. 199-1).

rncnt levcls in thc late-1970s and carly 19[10s, and

remaincd below replaccment lcvels from 191i3 onwitrd

(F ig .  lab) ,  para l l c l ing  thc  s tock  dcc l ine .  Even when the

clfcct of f ishing mortal i ty is rcmttved from thc calcu-

lat ions of replaccme nt. thc cttmbincd eff cct of changcs

in wcights and proport ions maturc at i ige cause thc Icvel

of recruitment requirecl to mcet spawner biomass re-

placcment to increasc stcacl i ly from 1980 onward (Fig

1.lb). Values oI rccruit  pcr spawncr for thc apparently

poor year classes of l9l l t3 and 1989 (sec Fig. 3) wcre very

closc to thc rcplaccrncnt level,  i .c.,  the lcvcl of rccruit-

ment [ ]clow which the pttpulat ion can go extinct c\el l  ln

the abscnce of f ishing. Thus, dcspite thc apparent

incrcascd sizc of the spawner populat ion in 19t37 (Fig. 3).

thc requircd rcplaccment rccruitment remaincd high.

recruitment pcr spawncr has rcmained low and paral lels

recent and continuing dccl incs in length and agc of

maturi tv and somc indiccs of condit ion.
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Recru i tmcnt  and the  env i ronment

Recruitmcnt in northern cod has been at. or ncirr,  rccord
minima subsequcnt to thc formation of the 1982 ycar
class (agc 3 in 19t3-5. Fig. 3). Although thc sizc of thc
spawning stock plays a role in dctcrmining rccruitme nt
(Myers at ul. ,  1993a), rccruitmcnt appears to have bccn
ncgativclf  inf lucncecl by extreme environmcntir l  con-
dit ions (anomalously cold) since 1983. with a bricf
respite in 1986 and 1987. as indicated by a variety of '
strongly correlated occanic and atmospheric indices
(Fig. 1.5 and scc Colbourne et al. ,  1991). Of thc 36
corrclat ions possible among 9 dif fcrcnt environmental
variables, including various mcasures of the wind and
prcssurc f iclds (Fig. 15). ice condit ions, watcr tempera-
tures throughout thc watcr column. and the volumc and
cxtent of the cold intcrmcdiate layer overlying thc
Ncwfoundland and Labrador shclf  rcgit tns (Fig. 1-5). a
ful l  28 (78%) are each independcntly signif icant at tr  :

0.05 (Table l) .  Correction for the sirnultaneous corre-
lat ions requires p < 0.0013 and thus 4,1'X, remain signif i-
cant. The Labrador air temperature and thc Winter-
Spring ice-extent anomalics are signif ici int ly correlate d
with most of the other indices (Table 1) and perhaps
rcpresent the best measures of the overal l  ertvironmen-
tal condit ions in the Newfoundland and Labrador re-
gion. I t  was only during 1986 and 1987 that there was a
marginal increase in recruitment of northern cod (Fig.

3), similnr to the increases seen in the period 1978 to
1982 when environmental condit ior-rs were also warmer
than average (Fig. 15). Thus i t  appears that recruitment
variabi l i ty in the recent past is detcrmined, in part,  by
environmental condit ions. The persistence of the ex-
trernely cold condit ions suggests that future recruit-
ment. at least for northern cod. wi l l  not reach the levels
estimated in the i96(ls (Fig. 3b). part icularly given the
l imited size of the spawner populat ion.

Rccruitmcnt levels in northcrn cocl may also be dctcr-
mined by thc distr ibutional pattern of thc spawners (at

lcast offshorc) and ocean cl imatc variat ions. For
exarnplc, dcYoung and Rosc (1993) have hypothcsizcd
that northerly distr ibutions of spawncrs arc nccessary
for relat ively high recruitment lcvcls. and wil l  l ikely
occur during relat ively warm pcriods (see Rosc el a/. ,
199,1). Howevcr, the relat ionship bctwccn water tem-
peraturc and recruitment is unclear (see deYoung and
Rose (1993)  and Hutch ings  and Mycrs  ( in  p ress) ) ,  and
although Helbig et al.  (1992) have suggcstcd that other
factors. such as storm tracks, may have a signif icant
impact on e gg and larval dri f t  and subsequent sctt lcmcnt
distr ibutions and rccruitment. these samc authors con-
clude that no convincing relat ionship has been demon-
strated between rccruitment in northcrn ccld and the
available cl imatic indiccr,.

Of thc various environmcntal indices avai lablc, carly
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frorrr  Bishop ct  u l .  (1993).

work  by  Sutc l i { le  c l  c / .  (19133)  showed tha t  var ia t ions  rn

northcrn cod rccruitment could bc explained by varr-

at ions in dcpth-avcragcd (0--50 m). summer sal inity
mcasurcmcnts at Stat ion 27 in Division 3L. A reccnt

cxaminat ion  o f  thc  sa l in i ty  rcc ru i tmcnt  rc la t ionsh ip  bv
Mycrs ct a/.  (  1993a) has gcneral ly confirmed thosc init ial
f indings ancl shows that the sal inity variat ictns can repro-

ducc rccruitment f luctuations during thc pcriod 1962 to

lgt l l t .  al though the mcchirnism(s) accounting for thc

modellcd relat ionship remains elusivc. Although the

sal inity-based modcl was ablc to capturc the f luctuations

in recruitment variat ions. i t  was unablc to capture the

long-term trcncl from high rccruitmcnt (and high-

spawning biomass) in thc 1960s to low recruitment (and

low-spawning biomass) in the 1970s and 1980s. With the

addit ion of soawnins-stock biomass cst imates to the

replacment at prevai l ing F

recruit  per spawner

replacement at F=O
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Figurc 16. Timc scrics of survcy-bascd csl imatcs of rccruit-
mcnt (sol id l inc) and modcllcd rccruitmcnt (dottcd l inc) using
annual (I  50 m summcr sal inity averagcs at Stat ion 27 (NAFO
Division 3L) and annual survcy-bascd spawning stock biomass
cstimatcs. Aftcr Mycrs et al.  (1993a).

modcl (Myers et al. .  1993a). the long-tcrm trend and

short-term f luctuations in northern cod could be repro-

duced (Fig. 16). rcf lcct ing both the stock sizc and

cnvironmental inf luences on recruitment. Model predic-

t ions indicate rccruitmcnt wi l l  bc at a record low in 1991 .
simply reaff irming thc quotation in our introduction that
"recovcry of the spawning stock biomass is unl ikely

bcfore thc year 2(XX) at thc carl iest" (Anon. .  1993. p. 16) '

Conclusions

I t  is apparcnt from the varie ty of intormation prescnted

that intensc f ishing. part icularly on northcrn cod in

Divisions 2J+3Kt- in the 1960s reducccl the Ncwfound-

land stocks to a point whcrc long-tcrm avcrage recrult-

ment w:ls rcduced by -50'/ , , .  part ly in response to

decl ing spawning stock sizc. but also as cxpresscd

through the equally prccipitous dccreasc in thc fccun-

dity contr ibution by ct lder age groups as the sizc and agc

s t ruc turc  u  l rs  c ( )mprcsscd.
Although thc cst imatcd spawncr biomass increascd in

the late 1970s. changes in weights and proport ions

mature at agc, togethcr with increasing f ishing rnor-

tal i ty. imply that from the carly 1980s onward i in ever-

increasing amount of rccruitmcnt per spawner was

requircd to cxcced rcplacement and pcrmit poptr lat ion

growth. In addit ion. poor environmental condit ions

have apparcntly had an addit ive e ffcct in furthcr l imit ing

potcntial rccruitmcnt.
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Pe rsistcnce of poor cnvironmcntal condit ions into thc

1990s wil l  l ikely continuc to inf luencc thc distr ibution
and physiological condit ions of adults. This may havc

furthcr ncgative effccts on fecundity and recruitmcnt.
Howcver, thc Canadian moratorium on cod f ishing

should hclp to protect thc re maining stock. Continuancc

of a poor environmcnt may also l imit recruitmcnt, even

if the most recent recruitment servcs to incrcasc thc

spawner populat ion. The above suggcsts that a serics of

bcttcr than averagc environmcntal years is nceded i f  the

chances for a scries of good recruitment ycars rebui lcl ing

the stock size and length/agc structure arc to bc

incre ased. Thc lclng-terrn rccord suggcsts that this may

only occur: (1) i f  f ishing pressurc rcmalns at or ncar

zcro; (2) i f  thc size of the spawner populat ion increascs

signi l icantl l ,  (at lcast to some lcvcl excecding that t l f

19ti7); (3) i f  the lengths at 50% maturi ty rebound to the

carly 1980 lcvcls; and (4) i f  the currcnt. offshorc distr i-

butional patterns of the adults changes to rcscmble the

distr ibutions sccn in the l9tt0s.
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