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P stract

Landings of co in C-iv. 5:i,a by Canada increased by 6.' t in 1990 over 1989 to 14310 t, the second highest in the time series.
iota landing's were 20cS t. Catch by gear type in 1990 was similar to historic patterns. Catch in numbers was dominated by the
197 (5;") and 198 (19'i yearclasses. Catch per tow in LSih spring and fall surveys has re..ained stable in recent years wile the
wring' Canadian 9irvey has been core variable with a substantial deciine in 1991 from the record 1990 estimate. Cc aercial catch
rates are inccrsistent with stock abundance and are not used to estimate stock status. An #DAFT formulation using the thres

rve,e ind;_ates a 19% fish.ir mortality of 0.42 and a stock biomass (,+) of about 70000 t at the beginning of 1991. Catch
prcje::icns 4v 199; and 199` under three options indicate total catches of 2200 t in 1991 (assumed) and 15000-22000 t in 1992.
The fishery is highly dependent on recruiting yearclasses. Estimates for the 1990-92 yearclasses will have considerable impact and
pr.jec:ices beycind 1992 are not considered reliable. Partitioning of total advised catch between Canada and the 115F. is required if
aann art objectives are to be achieved.

R6sumi

Las dlbarquaments canadiens de .orue provenant des divisions SZJ,m se sent 6tablis 8 14 310 t an 1990 ce qui
raprlsent* uns augmentation de 6 000 t par rapport 1 1989. Cs chiffre est le deuxiame an importance de is sIrie
cbronoloaique. Les debarqusments totaux itaient de 20 688 t. En 1990, lea prises par type d'anain ant 6th
cDnpasbies auz tandancee antirisures. Les classes die, do 1987 (51 2) at de 1985 (19 2) daminaient dens 1as
prises. Lore des csmpeenes d'ivaluation de printemps it d'sutomne rialislse par Las Amiricaina, lea prises par
trait *ant demeuries stables au cours des derniires armies, tandis quo cellos des campaanes 6•Ivaluation de
printamps rialisies par lea Canadians se Sant avir6as plus variables at out rigressi notablement an 1991 par
rapport S l'estimation record de 1990. Les taut de prises commerciales no correspondent pas A 1'abondance du
stock at no sont pas utilisies dons 1'ivaluation de 1'itat du stock. En utilissnt la methods ADAPT at lea
r6sultats des trois campaanes d'ivaluation, on obtient pour 1990 une mortalit6 due I is piche de 0,42 at sane
bicmaase du stock (+3) d'environ 70 000 t au debut de 1991. En prenant pour •cquis qua 22 000 t seront
capturCes an 1991, lea projections de prise. pour 1992 salon trois options vent de 15 000 i 22 000 t. La piche
depend in Brands partie des closes d'*ge qui seront recrutCes. Les estimations relatives aux classes d'ige de
1990-1992 auront des rbpercussions considbrables; aussi lea projections au-dell de 1992 no cant-sues pas Ju86es
fiables. Pour •tteindre lea objectify de Bastion vises, it eat nicessaire de ripartir Los prises recommandies
totales antra Is Canada it lee $tats-Unis.
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IntrDlkdilll 

The pr!Sent rE'port incll'pcntes co.ercial catch data iIld research survey results to estilite stock status of cod fll' the 1978­
90 till! period in the blo unit areas SZj Ind 51•• Drfinitilll of this IiIIIlQf!Ellt Wlit is based III analysis of histeric tagging 
resulb, co.ercial and surwy catch distributioo ..d lire recent tagging studies (limt, 1990l. 

Cod are taken by both Cinada and the lSI in lIIi t areas SZj IIld 51. IIld all data relating to lSI cltches IIld research vessel 
surw)'S Mere provided by the Matinl twine Fisberies Service IIfFS) at the IIbods IiIle, tlass., l.ibll'atory. 

Tnnds in Rlplrtlll LRings 

tltches frOi unit areas SZj and 51. are thought to be IIIder- or lis-repated prier to 1978 IIId estilites of populaUIII status 
prier to this til! are suspect. Catch statistics since 1917, IIheIl fereign fleKs Mere excluded frOi the 20() lile eclllOlic ZIllf!S of 
Cinada IIId the USA, are thought to be lire reliible. Spatial distributioo of foreign fleK catches in &.dIdiv. 51e are IIIknDll'l. 
There haw been no repll'ted llndings by fereign fleKS since 1978. 

Fishery by Country and Sear 

Canadian catches of cod are taken 00 the "tUtheast Ptak" of 6eIl'ges Bink priwily bftll!l!ll "rit IIld ~. Lindings haw 
been dOlinated by otter trllliers, except in 1984 IIld I'm !Tible 1,Fig. 1). In 191!8, otter trawlers, loogliners and 
gillnetters accoonted for bOl, 351 and 51, respectiwly, of the- 12700 t tatch, the secllld highest in the tlllfive year series. In 
1989, fixed gear Iloogline and giUnetl catches lllere 5400 t lIhile those by otter trBI declined to 1900 t. The below average 
catc~ by otter traillers reflects wly closure of the fisbery _ the cOibined qUDta for 41+5 lIaS exceeded. 

In 19%, a 6000 t increase in Canadian landings lIaS the result of a return to historic catches by the DTB fleet and an lM!rall 
catch of 14310 t, the secood highest in the tile series. lSI landings rl!liined stable at 6..178 t. tlanageaent of the Canadian 
fishery in 1m tlaS changed frill a TN: to individual and equal boat quotas of 2IKIOOO lb with by catch restrictioos. hcdotal 
infortoatioo suggests that both poor IIIf!ather and availability resulted in IDSt vessels not reaching their ill_Ie catch. 

CatchE'S by Canada and the USA in unit area 52j and 5Z. for 1978-90 are SUIIilrized in Tible 2 and in Figure 2. tltches peaked at 
2b(i}J t in 1982, averaged to about !5000 t betlilHrl 1983-97 and increased to 20000 t in 1988. Since 1985, Canada has taken aboot 
651 of the total catch. The redw::tioo in 1999 to 14000 t lIaS a result of decreased IDbUe gear catch by both Canada IIld the lSI. 

IflllrKal distributial of cDlbined LeA and Canada catches in 5Zj and 5Z. i~ shM! in Table 3 by atb. ADoot 201 of the catch i~ 
taken in the first quarter, 10l in the last quarter and the rf!l!ining 70% in the April-5eptetber period. 

IIrje r.c:..ositilll of the r.o.rcial tltch 

Salpling Intensity 

Supling cMrage of the Canadian fishery pria to 1985 averaged aboot one Sllple per 1000 t landed. In 1985, 18 Sllples lllere 
collected, 19 irl 1980 lIith a substantial increase to 33 Sllples in 1987, 40 in 1988, 32 in 1989 Ind 40 in 1990. Prior to 1978, 
saapJing leV!ls for Canadian cltchE'S lllere very low and it is unlikely that reliable estilites of fl!lDVals at age coold 
obtained. 

be 

~e Cc:tposi ti 00 

Fer the length lIIfight relatiooship, values for a and b lllere derived frill Cwdian [o.erciil Nlpling !lita. ltith rCltlld lIIfight in 
kilogfUS and length in cl!lltilf!iers these vilues llere a=O.OOOOI63 II1II b=2.~ and they llere USI!II fer both Clnlllian II1II lSI 
Sllplino data. 

Canadian Sllples llere used to obtain statistics by igf. The bias introduced by applying otter tr ... l Il!I'Igth frequencies to 
partitioo loogline catches liy be significant in years lICking SllPles fer this gear. The catch at II)! fer 1978-90 IllS re­
calculated. This was required because of rL'Vised rtported IlIIIIings, inclusioo of IIIditilllal Sllples IIId standardizatioo of Ethods 
used. The ilpact of these revisioos ire shOll'l in Tlble 9, lIhi[h CDlpires results of ADtiT with the prL'Vicm II1II current i~t 
par _ers. The changes Ippear to be Iinilal fer the doli nant .. grl1lps. 

tltch at age in the lSI fishery flF 1978-90 lIaS estilited frOi lSI SillPles of 5Zj IIId 5Z. catches fer HCh year !Tible 4). Imual 
Silfiles by Iil"l:et cattgory IIld ath (er less frequent intervals if SlllPles lllere not availiblel llere cOlbined to provide 
estilites of catch at age by wket categery. Canadiill 1ge keys lII!re USI!II fer 1990 lSI length frequencies since 1geing of lSI 
Sllples illS not available. 

PErcent catch at age for total landings of 5li,. cod are sIIOI1Il in Tible 5 and Figll'e 3. The dDiinant yearc1asses llere the 19S7 



41511) and the 1985 U91) • 

SEf'chuk and Nigley (988), in their revifW of stock status fll' 52e cod, discWlted current Canadian estilites of catch at age for 
197B-B5 based 00 a perc!!ptioo of an 1geing prlilll!l. teilsoo et al Ithis atingl clllcluded that the prtferred approach is to 
cootinue using the SUI of Canadian and lIlA derived catth at age as the best estilite of total rMlvals by the Slj,l fishery. 

rean length and lIl'iqht at age fll' Canadian satples are given in Table I> with the pIllS age grDUp set to 115 CI and IS kg, the 
apprC*ilite Ifan fll' ages Io-IS. There appears tD bl' lID trend ill siz, " 18gbt at age owr tilt 12 '(NT tilf series, although 
Ifart wight at age in 1990 appears to be ibm the Illig terl average. lINn _igbt at age 3 in 1990 11'187 '(NTclassl is _11 above 
the average and will haY! a substantial illlact III estilited pc:fwatilll biOlass. 

Research Qu-V!YS 

Randol, depth"'5tratiHed bottOl tr.l S41"wys haY! been cmdl.lctea by IIFS in the aut.. since 1963 IIId a spring sur¥l!'( liS IIIded 
in 1968. ASUIII!I' survty liS cooducted frill 1977 to 1'181. Survtys in Suhdi visilll 52e llEfe tDl!pleted by Cinida in ....ch 198ir90. 
til idjustl!!'lt fll' different gears II' YlSstls used during the ti. series has been lade. The spring sur¥l!'( II5I!d the larger "Yankee 
41" tr.l frill 197Hl and clllsiderable differences in catth per ta. tight be antitipated. Total net qIfIIing of the "41" trllli 
is about 1.7 tilE'S the ~ening of the 'Yankee 36'. NI!tII trawl doors haYf been used fll' both spring and lilt.. surwys since 1985. 
Prelilinary analysis of a study to dMI~ clIlversioo factll's indicates the new trol doII's are lII'e tffectiY!. The value of the 
cooversioo factoc has not been rlSOl YfIi. Ibever, catches since 1985 do not appear to indicate a substantial change in 
catchability relative to the pre-l985 catches. Cansultatioo with USA researchers SWjgests a clIlversilll factll' fll' codliY not be 
nee essar·,• 

Data foc USA surYfys lIII!I'e provided by the ItfS and it liS necessary to rtfll'lit these data prill' to their inclI'plI'atioo in the 
survey database fll' analysis using SlRAP software. tfl initial test to ensure clI'rect loading and clllversioo of data liS carried 
out and tDIParison of total abundancl' estilo1tes in the 51l' area shOllled no siQni ficant differencl' betlll!l!!l STRAP estilites and thl' 
reported lEA estilites. fbteYfr, SOlE differences in age-specific estilites was lilserved but this was attributed to idjustlent 
of age length h'VS and it liaS concluded that STRAP estilites could replicate IS estilites. 

Ibnt 11m) deS!:rib~ the appruach used to estilo1te Ififl catch per tON specific to the Slj,1 area flJ" Canadian and IS surYfYS. 
The technique required selection of ooly sets within the 52j,1 bWldary and using strata iII"!iS also within the SH,I bWldary. 

Results of STFN' analysis fll' each of the surYfYS are given in Table 7. The 1982 IS spring survey is influenced by lilt ta. of 
1000 fish and the resultant high catch rate has a high standard errII' • This ta. has bl'en excluded by IS rl!SNrchers in their 
anal ysis. Exaainatioo of tOMS in the 1982 survey indicates above average catches in SlVl!l'al sets and strata and thertfll'l' all 
tONS lIII!I'e include!! in the present study. The 1m spring lEA survey liaS partitillled with lEA agl'ing data. lAlipari5IJI of catch at 
age lIith resulb used last year, based 00 Canadian ageing indicate sililar estilites. 

Total catch per tDIII has been variable fll' each of the surwys and a general increasl' in the last 2-3 '(NTs of each survey is 
evident. itMever 1 the 1~1 Canadian survty shOMS a larked decline frill the high 1990 value. Catch per tON is strlllgly influenced 
by prDgressill'1 of year-dasses D'II!I' tile and in particular the 19!J3 and 1985 yearclasses. 

The fall survey is asSUEd to be a post-fishery index and spring surwys il'e asSlllfd to be a pre-fishery index. ThertflJ"e thl' 
fall surYfy is laggea by lilt '(NT fll' cOl!pill"isoo of indices lie. fall 1m. Ill! VI spring 1978 age blO). In general, all 
three Sll"YfYS appear to track '(NTclass strength and prOYide a clllsistent index. The 1'187 ywclass, .tIith will be a substantial 
fadll' in the 1990-93 fishery, tppNI's to be abovt average in the Canatlilll IIId lIlA spring IIf'WYS in 1989-91. The 1990 
yearclasses also IPpears to be above average in the Canadian 1991 survey. 

CDIIfrcial Catch Rates 

Canadian tiE fll' the aile gear fleet in 1989 laS not cr:Jlsidered to be a reliable index because of the pr_ture closure of the 
fishery and an "dated tIE series !tiS not possible. lIlA ClE !tiS not available fll' 1988 II' 1989. ThertflJ"e ClIMI!I'cial DlD tiE !tiS 
not ind udI!I! in the analysi s. 

A llllgline CPt£ series, using Canadian wssels of Tt 2 and 3 IE exuined. Data llEfe ertratted fr~ lIFF files and r:Jlly trips 
tilere cod were the liin species llEfe includeG and aths tilere toti! catch !tiS grHter than 10 t. Rl!ptrted tfflJ"t pri IJ" to ~une 
1, 1988 was expressed in llIIiIers of lines, and after June I, IS thoosands of hDoi:s. The earlier values were ClIlvwted to hooks 
using the fll'.u.a EFFrJtT ('OOO's of has) :: (I of lines + 101/20. 

The prograa STIWI)AA was USI!'d to clllstruct a IUltiplicatiY! IDIIeI of IDll9line catch and tffll't. bths included in the aiel tl!fe 
IWch throogh lktliler inclllSivt, 1m to 1990. Reference catl!9ll'ies !lithin categll'Y types were Septellber and 1986, representing 
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periods !IIere lerlgline catches Df cod lIefe high. 

Results of the ILIltiplicatiw analyses .t shQllll in Table B. The 1IOd!1 r-squarl!'!! is 0.330, and tbt Y'ar effttt appears 
significant. tIlen the retransflnl!'!! CPII is plotted against 3+ and 4+ biOliSs frill the finil ADAPT fcnulatioo cootained here, 
there apptar to be concurrent trends betNtefl CPII and 4+ hiDlass IFig. 4). 1bIever, there lEl"e SMril discrepancies betNtefl the 
series !IIicn convincl!'!! us that the CPII series, IS currently devel"ed, is not usrful fir indusioo in tht _T fcrlLllatiO'l. 
tC'Ite, fir exUlllle the decIiIll! in CPII frill the highest to the IlMSt ooserYld vilue betNtefl 1989 and 1990 !lien other indicatioos 
Ire that hiDlass lmls are currently very high. Pending further analysis of this C/E series, it !liS cooclwll!'!! that it tIIlUld be 
inappropriate to include it in the ADl'iT fcrlLllatioo. 

Estilltioo of Red Sizt 

rklly r!SNrch SID"V!y indices lIefe ustd in the _T flrlLllatioo. 

As notl!'!! above, catch at age and surV!)' indices lIefe revised fir I97HO and the ilpad of these revisioos !liS extllinl!'!! by
rerunning AMDT. Changes in estilltl!'!! populatioo nLilber appNred not be substantial lTiable 9). 

The AlW'T flrlLllatioo ustd in 1989 to estillte stock status, !IIich included all three vvty indices !liS ustd to estillte 
",ulatioo paraaeters fir 1978-91 based 0'1 estiaates of the follDlri.ng plrlEters: 

Year "'tIass estiNtes '\,1991 i=I,4 

Calibratioo coefficients fer each Df the three surwys, tilere 
Ki i=1,4 USA spring surV!)' 
I(i i:O,3 USA autllffl survey 
Ki i=I,4 Clnadian spring survey 

AsSUlEd catchability for ages greater than age 4 tage 3 aut_) l!llual 
the oldest estiaated fer each surw~·. The following structure was il!posec! in 
ADri'T lOde1 : 

- errlr in catch asSUled negligible 
- F on 01 dest age group set to leighted F fir ages 3-6 
- no intercept terl htted 
- natural IOrtality set to 0.2 
- logarithtic transforl fer indices 

Input fir the Iodel coosi sted of: 
- RVli,t i=I,9; t';978-90 USA spring survey 
- RY2

1
,t i:O,8; t=l9noW USA fall survey 

- ~~l,t i=I,9; t=I9Bb-91 Canadian spring surV!)' 

and the obJlKti VE fwldioo rl!lluired linilization Df: 

{oo! IlnWli t )-pred IlnRVl i t)}2 
+ {obS(lnR92jlt)-pred(l~,t)}~ 
+ {obstlnRV3j tl-predtlnRV3i ,t)} 

and a total of 21 paruetl!rs lIl'fe estillted frill 134 ooser~atioos. Residuals flr!ill"vey indices .nth zero catch it ag~ 
Ipredolinantly the USA fall Sll'V!)') lIef~ excluded frill the overall l1li of residuals. 

Calibration coefficients and ""ulahoo estilltes lIl'fe statisticilly significant frill the ibM run except at ag~ 1. 
i:orfficients of variation lleft iboot 11-261 for IS vV!)' catchability and the tanadian uwy had higher tv·s 119-421), 
probably due to the short tite series. Residuals for both IliA vvty indices lIl'fe balanced in at cases but SDIt year effect 
NaS evident for the 1982 spring, and 1983, 1986 and 1987 fall uwys. Ci:liipariSIJI of results oohined .nth and withem the 1982 
IS spring surV!y indicate little dHferll!nCe in either the preciSIJI Ir lIQIIitude Df estiaated plrlEters and thereflre this vvty 
!liS included in the fillil flrlLllatioo. The IWl7 and 1990 Canadian spring Sll'Vl'Y also hid a stroog pattern in residuals. 

The rtsilltant residuals fir the _T flrlLllatioo usilKj all three indices lI'e given in Table 10. PlrlEter estiaates flJ' stock 
nUlbers at ag~ in 1990 and the slopes relating vV!)' indices to ,..ulatioo IlIl1bers, .nth their standard error and standard 
errer/teal1, are gi ven in Tabl~ 11. 

http:follDlri.ng
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AssessEnt IiKults 


PqlulatiDII estiaates frlYl the above AfW'T flJrlulatioo are 9iYl!'l'l in Table 12 and indicate that the 1985 yw-dass is the largest 
Dbserved with about 27 lillioo fish at age 1. The 1980, 1983 and 1987 are also estiuted to be Ell abM the 1971H19 average 
abundillce. lhe 1989 year-class appears to be average in abundante at age 1. FII' ages 3+ abundance has iocreased frlYl a 10M of B 
li1lioo in 1985 to a high of 20 lillioo in 1988 with a soae decline in 1991. The 3+ bir-ass in 1991 is 71(1()() t and Ell above the 
13 year average of 49000 t. Abundance of the 1987 and 1986 yearclasser. in 1990 increased Sllbstantially over the esHutes tade 
last year with a resultant thange in 3+ biClliss frlYl 69000 t to 70000 t. Pqlulatioo bir-ass, ibundant!, fishing utality fll' ages 
3+ and recruitient at age r are ghen jll Figtres H. 

Fully recruited (3+) fishing utality in 1990 is estiuted to be 0.40, 11\ intTHse frOll 0.11 in 1989. Hrly tlDlSlll"e of the 
Canadian om fishery in and reduced IS catches cootributed to the reduced exploitatiCll rate. The 1986 ytar""tlass tCMItinues to 
have an antWOlously high F of 0.62 in 1990, a reflectioo of the unexpected high catch at .3 in 1999 iI'Id age 4 in 1990. 

Prognosis and Catch ProjectiCMI 

The following input data Ere used fll' catch projectioos: 

1991 Beginning of Year IN Neight Partial 
PqlulatiCMIs Wers 1000's) (kg) Recrui tlent 

9B8b 0.696 0.004 
2 7880 1.391 0.320 
3 5473 2.249 1.000 
4 5128 3.579 1.000 
5 1020 5.012 1.000 
6 mo 6.446 1.000 
7 342 8.m 1.000 
B 327 10.340 1.000 
9 58 10.948 1.000 

10+ 100 15.000 1.000 

As indicated earl ier! the results of the asSESSIent suggested that the 1990 yw-tlm Mas abwe average in atJundillce. IbIE-ver, 
because the estilite is iapfecise, the 199(l year-class Mas asSUJed to be equal to the geoEtric tear! for the 1977-99 yw­
classes (988b Ii i lim). 

Cateh projecti!)f! fo- 1991-92 was cOIIlleted using three ~tiDIIS - f in in 1991 and 1992 equal 1990, the ~I rule in 1992 and a 
catth ill 1992 equal the catch ill 1991. II 1991 catch of 'llJiJfJ t Mas asSlllE'd. Results of projectiCMIs with these ~tioos, lIhith are 
fCi total catet, UJSA iIld Canada) I are gi VI!I! bel OM: • 

Option Fl3+) 
1991 1992 

BiClliss 3+ I'(1()() tl 
1991 1992 1993 

Catch I'(1()() t) 
1991 1992 

1. Fin 1992 and 
1991 : 1990 

0.40 0.40 ~ 46 44 22 20 

2. 22000 t in 1991 
~lrulein 1992 0.42 0.30 ~ 48 51 22 15 

3. 22000 t in 1991 
IIId in 1992 0.42 0.46 50 45 3'1 22 22 

If fishing utality is not IllOll!d to exceed that in 1992, then a tatth of IIIoot 20000 t in 1992 is ilPlied. Cod in 5Zj,1 .e 
fully recruited at age 3 lIhich II!IIIS that flJ"l!Casts are heavily dependent l1li estiutes of incllling rl!mlitlent. The 1985 and 
1987 ytar""tlasses will likely Cilltinue to tCMItribute substantially to citches in 1991 but it is difficult to precisely fll'ecast 
catches btyIJIId 1992 because recruitlEllt is vriable and lI!predictable. fecruitll!l1t in 1991 II1II later years willllavt a IIIbstllltial 
i~act 00 actual catches. 

IllnilgeBt tansideratilllls 

Cod in the 5Zj,1 lilIlagl!ll!llt unit will cootinue to be exploited by both the IS and Canada and it is necessary to dewl~ a 
coosistent lilIlagetll!llt plan. The apparent redllCtiCMI in fishing utali tv in r!tent years indicates soae ilPrDY1!ll'C1t in stock 
status lIhich coold be the result of reduced catches by the IS after exclusilll frill 52c. Sioce 1985, the IS has accounted for 
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III aVl!!"age of about 3SI of the total SU,I catch. 

~t (1'190) reperted 00 a study undertaken to estillte the ratio of the 5Zj,1 cod biDlilSs rtlatiw to the SlclSZu IInternatiooall 
boondary as a leans of dPierlining the prqlll"tioo of total biDliss in 5Zj,1 Iilich taJ.ld be available to the Canadian fleet. HI! 
[oodudes that, giYl!n the year and seasonal variatioo in the ratio of total Slj,l biDliss found in the Canadian zooe, it is 
difficult to provide a precise estillte of biDlilSs available to the Canadian fleet. The average of the three surveys DVI!!" the 
entire tile series is 711 and B3l fer the sherter tile period frOt 1985. A ratio of about 701 taJ.ld rlXlghly rtflKt .wrage 
cooditioos during the period (June-SeptMler) in Iilich lOSt of the Canadilll fleet is ac.tiw in the 6eorges Bank fishery. Based 00 
projectioos fer catch in 1991 giYl!n aM, this IIIXIld i~ly iblXlt 14000 t fer the Canadian total tatch and tilt rl!llining 6000t fer 
the USA catch. 

The IIIthers Irish to thank h. Fredrit Serchul: IIId Ralph Kayo, of tilt tIfS at the bIIs IiIle laberatery\ fll" their assistance in 
providing data relating to the USA fishery and fll" cu.nts on tilt iflalysis. Peter Perley assisted in the t~liatilll and 
I/Ialyses of longliner tIE data. 
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Table 1. Nominal landinQs of cod by gear and ~onth for Canada in unit areas
5Zjm. 	 : (OT-otter trawl;LL-longline;GN-gillnet;MISC-miscellaneous). 

Y~~R SMR 1AN 	 DEB66 H~ ~~~ A~i g~~ 1~~' 1~~~ A~~ ~I~ 12~i 1~~¥ 7H~ 
~lsc 8 8 5g 8 3 I ~~ 0 7~ 1 9g 8 ~~j
TOT 166 762 242 27 314 21 3 1438 152 293 1666 1585 0 8778 

79 OT 76 30~ 178 7~ ~3 19~~ !~4 !l: tU 21~ 28 1H~ ~~rc 7~ 30~ 17~ 84 9~ 216g 9B~ 988 7B~ 30 22 ~ 597S 
so OT 24 86 3 111 1~73 1593 771 633 591 6S 100 5405 

0 20~ 5~ 59i 49t 46 8 26~~~l se 8 8 1 	 8:1 	 ~~8TOT 	 24 86 4 320 2326 2190 12a3 638 68 100 B063 

(, 20~ 	 9l81 ~( 5i ~ 5~B li'J 18ii ~!' l~a~ 2i~ 2~1 ~~~g 
~orC ~ 20g 56 16 57f 201 204~ 158? 129a 31 28f lOr B4~; 

82 OT 90 73 0 0 11 S45 4289 ?109 1507 2360 934 119 
~lsc 0

0 16 26
0 

198 77a J03g 138E OB~ 635 308 3~ 4 lsiit 
TOT 90 84 26 193 783 18BO 5677 3191 2142 266B 967 123 ° 17B2~ 

83 179 9 3& 2209 109~ 211~ q5~~J (I 46 (I 8 I 4 ~..J 
176 78 10 69~~ 

8 176 147 448 1442 69~ 574 1308 31i 83 8 51 ~Hse 8 	 I ~I 2 ~ TOT 179 41 180 153 
(I 

475 3658 1829 269 2264 4B3 165 11 121~~ 
84 B~ B l 1~ 8 36 2~~ 9~ 248 68 16 8 7~~ 

~1sc 8 8 J6 b 151 11~ 11~t 120; 118r bOB 288 5~ 8 49H 
0:­TOT 3 180 153 152 1515 1311 1424 665 305 50 0 5763..J 

'j (I 	 ~85 ~J (l 
0 0 8 (I 8 13ft 256~ 244~ 69~ 

II 
43~ 88 75~~ 

~'9L' 0 54 lU lr~ 412 23~ 54~ 64~ 50~ 29 29 28p~MIse (I ..,.., 2 	 (l 1"1 	 .. ..hi
TOT 0 ....\ ;,;. 56 195 166 1770 2808 2991 1343 938 34 110 10443 

86 14 9 ?l 1~ 8 23U 31~~ 477 Ib 26B~ (I 0 ) 	 75 ~~ ~ 6~~6
I')

~~sc g 5~ 8~ ro 14~.) 129 538 60b 4(19 12 g 2°H15 	 1 0 0
TOT 14 69 95 42 (I 2557 3347 1091 6~~ 420 16 22 8411 

87 19 ~ 8 2485 394~ '" 44~~ (I h II 8 I ~4 ~6~ 1~~ 6 78 0 7~8~ 
0 6 11~ 8 ~~93 91 1o~~ 747 31~ It 3~ 3irII:"Afsc 11 1.", t~ 9 33 88 51 	 ... ~, r 

TOT 	 24
..J 

18 13(1 85 17 2920 4869 2312 981 314 96 79 11845 
"'..,88 ... ~, 520 5(, 0 Ii 3247 31§1 	 26 7FoB~ u 0 0 180 a4 H~ 	 ~ 16° 54.., 	 F 1247 1685 

M 1~1~lsc 8$ i~ 2~B 6 41 95 3H 45~ ~8 ~ 4~~; 
TOT 	 79 " 615 136 215 56 4715 5185 1058 546 253 59 11 12928 

B9 a 148 	 8~ 3~~~ 6 8 ~ ll~r 3~$ 418 	 ~ prl
Hsc 	 4~ 20j 25~ H 2k 1~% 10a~ If~~ !}f 6~ g :,s8
TOT 53 349 266 114 317 2719 1587 IB71 523 164 36 2 8001 

90 4388~ 8 S 8 8 ~ 311l 1~~~ 1~~~ y~~ b 7~1~ 
~~sc 125

6 11~ 2i~ 1~ 11 11 14'9 1 ~ s2~ 25
5 J ~ 5~ 'a

TOT 131 161 279 19 140 451~ 3613 30 2 1716 693 24 3 14~10 
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Tabl e 2.Summa r y of total catches by Canada and the USA in 
unit areas 5Zjm for 1978-1990. 

YEAR CANADA USA TOTAL 

1978 8778 5502 14280 

1979 5978 6408 12386 

1980 8063 6418 14481 

1981 8499 8094 16593 

1982 17824 8565 26389 

1983 12130 8572 20702 

1984 5763 10551 16314 

1985 10443 6641 17084 

1986 8411 5696 14107 

1987 11945 4792 16637 

1988 12932 7645 20577 

1989 8001 6182 14183 

1990 14310 6378 20688 


~Tabl e Proportional catch by lIlOnth for USA and Canada in unit areasoJ. 

5Zjm ,1978-1990. 

MONTH 
YEAR JAN FEB MAR APR MAY JUN J"UL AUG SEP OCT NOV DEC 

78 0.04 0.12 0.07 0.05 0.07 0.19 O. 12 0.03 0.03 0.16 0.13 0.01 
79 0.03 0.07 0.09 0.06 0.06 0.23 0. 12 O. 14 0.08 0.06 0.04 0.02 
80 0.04 0.12 0.07 0.06 0.05 0.19 0.19 O. 11 0.08 O.OS 0.01 0.02 

81 (1.03 0.14 0.05 0.02 0.06 0.18 0..19 0.13 0.10 0.04 0.03 0.02 

82 0.02 0.05 c).06 0.03 0.060.11 0.27 0.14 0.10 O. 11 0.04 0.01 
83 0.03 0.09 0.05 0.03 O.OS 0.23 O. 14 0.160.130.04 0.03 0.02 
84 0.08 (1.18 0.05 0.04 0.07 O. 17 O. 14 0.12 0.07 O.OS 0.01 0.01 
85 0.03 0.08 0. 10 0.05 0.05 O. 11 0.19 0.20 0.09 0.07 0.01 0.02 
86 0.04 0.12 0.11 0.07 0.04 0.20 0.24 0.08 0.05 0.03 0.00 0.01 
87 0.04 0.02 0.04 0.06 0.06 0.20 0.30 0.15 0.06 0.02 0.02 0.03 
88 0.05 0.08 0.08 0.05 0.05 0.28 0.27 0.06 0.03 0.01 0.02 0.02 
89 0.06 0.08 0.06 0.06 0.09 0.28 0.13 0.14 0.04 0.03 0.02 0.03 
90 0.05 0,03 0.07 0.06 0.09 0.25 0.19 0.15 0.09 0.03 0.00 0.01 

tlEAN 0.04 0.09 0.07 0.05 0.06 0.20 0.19 0.12 0.07 0.05 0.03 0.02 

http:0.160.130.04
http:0.060.11


10 


Table 4. 	 Catch at age of cod in numbers (000'5) for Canada, 
USA and total, in 5Zjm ,1978-1990. 

ASEGROUF' 
2 3 4 5 6 7 8 9 TOTAL 

7B 	 CDN 2 62 2017 667 205 78 57 12 12 3112 
USA (I 59 1571 409 102 32 26 9 0 2208 
TOT 2 121 3588 1076 307 110 83 21 12 5320 

79 	 CDN 0 371 328 76'3 302 S5 18 9 4 1850 
USA 10 443 71 1011 243 94 4 36 \) 1912 
TOT 10 814 399 1174 545 149 22 45 4 3762 

80 	 CDN 1 175 1121 214 420 125 32 11 14 2713 
USA 0 212 374 51 496 220 17 9 19 145B 
TOT 1 987 1495 265 916 345 109 20 33 4171 

81 	 CDN 2 145 60B 504 134 380 B7 51 21 1932 
USA 17 458 835 745 21 215 82 14 15 2402 
TOT 19 603 1443 1249 155 595 169 65 36 4334 

B2 	 CON 6 1283 1358 1105 742 164 221 97 21 4997 
USA (I 1399 328 324 324 25 124 60 16 2600 
TOT 6 2682 1686 1429 1066 189 345 157 37 7597 

B3 	 CON 27 744 2506 1212 201 54 10 17 12 47B3 
USA 13 575 910 262 265 229 21 54 27 2356 
TOT 40 1319 3416 1474 466 283 31 71 39 7139 

84 	 CDN 0 26 118 375 340 123 72 19 18 1091 
USA 1(I 243 793 971 171 167 158 12 53 2578 
TOT 1(I 269 911 1346 511 290 230 31 71 3669 

85 	 CDN 4 2146 904 383 497 139 45 38 9 4165 
~USA 8 646 317 248 444 B5 51 62 1866..J 

TOT 12 2792 1221 631 941 224 96 10(1 14 6031 

86 	 CDN 19 235 1283 365 143 215 29 19 9 2317 
USA 9 91 905 148 161 185 29 20 16 1564 
TOT 2B 326 218B 513 304 400 58 39 25 3881 

87 	 CDN 14 259:, 602 741 91 79 117 22 15 4276 
USA 0 1071 263 358 53 42 50 15 9 1861 
TOT 14 3666 865 1099 144 121 167 37 24 6137 

88 	 CDN 10 232 2360 324 421 69 61 111 29 3617 
USA 0 BB 1293 322 440 75 41 32 10 2301 
TOT 10 320 3653 646 B61 144 102 143 39 5918 

89 	 CDN 0 318 2B4 918 124 179 31 23 37 1914 
USA 0 422 36B 919 69 135 25 2 4 1944 
TOT (I 740 652 IB37 193 314 56 25 41 3B5B 

90 	 CDN 7 339 1769 617 799 95 102 B 14 3750 
USA 0 339 1427 345 396 21 20 2 0 2550 
TOT 7 67B 3196 962 1195 116 122 10 14 6300 
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Table 5. Percent catch at age for total 5Zj.1I landi ngs, 1978-90 

Year 

Age 78 79 80 81 82 83 84 85 86 87 88 89 90 


1 0.04 0.27 0.02 0.44 0.08 0.56 0.27 0.20 0.72 0.23 0.17 0.00 O. 11 
2 2.27 21. 64 23.66 13.91 35.30 18.48 7.33 46.29 B.40 59.74 5.41 19. 18 10.76 
3 67.44 10.61 35.84 33.29 22.19 47.B5 24.83 20.25 56.38 14.09 61.73 16.90 50.73 
4 20.23 47.16 6.35 28.B2 18.81 20.65 36.69 10.46 13.22 17.91 10.92 47.62 15.27 
5 5.77 14.49 21. 96 3.58 14.03 6.53 13.93 15.60 7.B3 2.35 14.55 5.00 18.97 
6 2.07 3.96 8.27 13.73 2.49 3.96 7.90 3.71 10.31 1. 97 2.43 8.14 1.84 
7 1. 56 0.58 2.61 3.90 4.54 0.43 6.27 1.59 1. 49 2.72 1.72 1.45 1.94 
B 0.39 1. 20 0.48 1. 50 2.07 0.99 0.84 1. 66 1.0(1 0.60 2.42 0.65 0.16 
9 0.23 0.11 0.79 0.83 0.49 0.55 1. 94 0.23 0.64 0.39 0.66 1. 06 0.22 

Table 6. 	 Mean size at age of cod in SZj,m derived fro. Canadian salples, 
1978-89. 

(a} Length 
Age group 

Year 2 3 4 5 6 7 8 9 10+ 

1978 44.3 53.9 57.9 63.6 74.6 76.0 89.9 86.0 93.6 115. (I 
1979 50.7 53.3 69.1 75.3 80.4 95.9 104.4 99.6 115.0 
1980 36.7 49.3 60.1 66.7 78.0 85.7 87.6 105.6 105.2 115.0 
1981 42.2 49.2 58.8 67.8 77.4 85.7 94.5 96.0 97.4 115.0 
1982 36.8 49.8 57.1 69.B 78.6 84.9 95.0 95.8 107.2 115.0 
1983 42.6 50.4 58.4 67.1 77.8 84.8 93.0 99.3 104.4 115.0 
1984 50.2 60.4 70.2 76.9 83.5 92.2 99.7 101.4 115.0 
1985 3B.7 49.3 55.3 67.9 74.8 B3.2 90.1 95.6 98.8 115.0 
1986 39.6 51.7 63.5 71.0 79.7 86.9 92.B 96.2 94.S 115.0 
1987 3B.5 51.9 60.3 73.5 B2.5 B8.1 96.2 100.3 106.0 115.0 
1998 40.9 48.0 60.3 7O. 1 79.9 84.5 95.3 100.1 102.3 115.0 
1989 37.0 4B.5 57.6 69.9 77.0 B2.6 BB.l 100.4 102.B 115.0 
1990 41.6 54.3 63. 1 69.0 77.6 84.0 92.0 102.0 107.4 115.0 
(b) Weight 

1978 (1.656 1.206 2. 121 2.644 3.54(1 5.682 6. 141 9.268 8.399 15.0 
1979 1.483 1. 723 3.691 4.730 5.9B6 9.5B6 12.058 10.412 15.0 
1980 0.572 1.348 2.427 3.241 5. 116 b.707 7.14B 12.324 12.1b9 15.0 
1981 0.864 1. 36B 2.312 3.467 5.113 6.Blb 9.108 9.575 10.4B5 15.0 
1982 0.592 1.41(1 2.128 3.814 5.335 b.656 9.158 9.574 12.941 15.0 
1983 0.885 1.466 2.265 3.371 5.210 6.641 8.593 10.42B 11. 999 15.0 
1984 1.43B 2.477 3.841 4.977 6.310 8.541 10.486 11.034 15.0 
1985 0.6BO 1.391 1.950 3.571 4.742 6.399 B.074 9.664 10.5B4 15.0 
1986 0.723 1. 573 2.897 3.944 5.623 7.208 B.61B 9.512 9.996 15.0 
1987 0.600 1.600 2.506 4.447 6.14B 7.484 9.538 10.759 12.565 15.0 
1988 (1.79(1 1. 270 2.489 3.862 5.662 6.641 9.309 10.765 11. 636 15.0 
1989 0.5B5 1.303 2.178 3.830 5.128 6.348 7.554 10.799 11.576 15.0 
1990 0.831 1. 812 2.829 3.699 5.221 6.657 8.5B2 11. 227 10.080 15.0 
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Table 7. 	 Stratified lean catch per tOM in nUlbers for USA and Canadian 
research surveys in 5Zj,l, 1978-90. (USA autuln 1990 estilated 
using COlbined 1988/1989 USA age keyl. 

Age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
USA spring 

1 - 0.17 0.44 0.02 1.38 0.64 0.44 0.13 0.08 1.13 O.OJ 0.58 0.27 0.18 
2 - 0.01 1.70 1.90 1.27 9.40 2.33 0.14 3.67 0.62 2.17 0.45 1.96 0.80 
3 - 3.27 0.14 1.86 1.97 20.2B 4.06 0.52 1.15 2.05 0.46 5.05 0.59 4.02 
4 - 0.72 1.65 0.18 1.40 18.09 0.87 0.78 1.92 0.55 0.98 0.50 3.02 1.44 
5 - 1.0~ 0.64 1.93 0.06 13.78 0.68 0.11 2.75 0.78 0.01 0.84 (1.58 1.57 
6 - 0.22 0.22 0.38 0.49 0.01 0.42 0.25 0.60 0.98 0.34 0.08 0.6B 0.40 
7 - 0.89 0.11 0.08 0.25 4.50 0.18 0.22 0.35 0.05 0.28 0.03 0.09 0.33 
8 - 0.12 0.14 0.05 0.10 1.01 0.07 0.01 0.45 0.21 0.06 0.14 0.07 0.05 
9 - 0.05 0.01 0.04 0.01 0.57 0.01 0.14 0.13 0.27 0.11 0.01 0.11 0.01 

USA autuln 
o0.08 0.17 0.26 0.49 0.49 0.01 0.94 0.04 2.24 0.22 0.29 0.18 0.52 0.45 
1 0.01 2.14 2.40 1.16 3.44 0.67 0.08 1.82 0.39 5.20 0.24 1.02 0.91 0.91 
25.12 0.21 2.38 0.62 1.78 0.83 0.27 0.09 1.80 0.11 1.53 0.33 2.13 1.00 
3 1.02 4.14 0.17 0.98 1.37 0.05 0.57 0.66 0.30 0.35 0.23 2.13 0.36 I.B9 

4 0.2B 0.59 2.20 0.04 0.39 O.OB 0.03 1.08 0.03 0.01 0.19 0.25 0.97 0.27 

5 0.22 0.09 0.36 0.28 0.02 0.01 0.02 0.03 0.01 0.01 0.01 0.44 0.13 0.47 
6 0.27 0.09 0.13 0.03 0.04 0.01 (1.02 0.04 0.03 0.02 0.01 0.01 0.05 0.05 
7 0.03 0.13 0.(14 0.04 O.OJ 0.04 0.(11 0.01 0.01 0.01 0.01 0.07 0.01 0.03 
8 0.01 0.01 0.03 0.04 0.01 0.01 0.03 0.(1{ 0.01 O.OJ 0.01 0.09 0.01 0.01 

Canadian spring 
1 - 1.81 0.12 0.36 0.B4 0.26 2.75 
2 - 8.33 4.31 1.08 5.01 1.81 3.31 
3 - 7.50 1.55 12.85 1.77 7.96 3.26 
4 - 0.76 1.81 1.36 3.90 4.49 3.72 
5 - 1.61 0.39 2.02 0.58 10.12 1.99 
6 - 1.04 0.21 0.23 0.76 1.23 2.70 
7 - 0.52 0.44 0.19 0.09 2.51 0.33 
B - 0.08 0.21 0.43 0.19 0.33 0.57 
9 	 0.15 0.03 0.04 0.25 0.3b 0.08 
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Table B. Results of longline catch rate standardization. 

RE6RESSION OF MULTIPLICATIVE MODEL 

MULTIPLE R............. 0.580 
MULTIPLE R SQUARED..... 0.336 

ANALYSIS OF VARIANCE 

SOURCE OF SUMS OF "EAN
VARIATION DF SQUARES SQUARES F-VALLIE 

INTERCEPT 1 9.202El 9.202El 

RE6RESSION 21 1. 680E 1 8.000E-l 3.306 
TYPE 1 7 9.956E-l 1.422E-l 0.588 
TYPE 2 13 1.464El 1.126E0 4.654 
TYPE 3 1 6.881E-l 6.881E-l 2.844 

RESIDUALS 137 3.315El 2.420E-l 

TOTAL 159 1.420E2 

REGRESSION COEFFICIENTS 

VARIABLE COHFI CI ENT STD. ERROR NO. OBS. 

INTERCEPT -0.869 0.172 159 
1 O. 171 0.168 13 
2 0.034 0.179 11 
~ 

~ -0.122 0.164 14 
4 -0.059 0.140 24 
5 -0.124 o.13B 25 
6 -0.067 0.144 22 
7 -0. 115 0.143 22 
B 0.450 0.233 7 
9 0.332 0.216 9 

10 0.572 0.224 8 
11 0.514 0.208 10 
12 0.416 0.199 12 
13 0.291 0.186 16 
14 0.292 0.184 17 
15 0.260 0.184 17 
16 -0.234 .0.206 11 
17 0.306 0.223 8 
18 -0.031 0.206 11 
19 0.849 0.202 10 
20 -0.467 0.192 12 
21 -0.137 0.082 91 

PREDICTED CATCH RATE 

LN TRANSFORM RETRANSFORMED 
YEAR MEAN S.E. "EAN S. E. CATCH EFFORT 

1977 -0.6781 0.0446 0.561 0.118 500 892 
1978 -0.2281 0.1019 0.854 0.267 729 853 
1979 -0.3463 0.0874 0.765 0.222 1338 1750 
1980 -0.1058 0.0905 0.971 0.287 2635 2714 
1981 -0.1645 0.0865 0.917 0.265 4525 4932 
1982 -0.2624 0.0829 0.833 0.236 5487 6584 
1983 -0.3867 0.0789 0.737 0.204 5173 7015 
1984 -0.3866 0.0781 0.738 0.203 4957 6718 
1985 -0.4178 0.0781 0.715 0.197 2805 3922 
1986 -0.9117 0.0912 0.434 0.128 2011 4638 
1987 -0.6781 0.0446 0.561 O. 11 B 3212 5729 
1988 -0.7092 0.0879 0.532 0.155 4335 8152 
1989 O. 1708 0.0869 1.283 0.371 4425 3450 
1990 -1.1446 0.0835 0.345 0.098 5202 15087 
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Tabl e 9. Population nu.bers and fishing .ortality derived Mith ADAPT 
formulation used in 1990 and revised catch at age and survey 
indices, 1978-89. 

Numbers 
78 79 80 81 82 83 84 85 86 87 88 89 90 

1 11227 9599 9366 17533 6601 4731 14594 5341 28711 4890 15905 9105 11423 
... 
~ 2243 9190 7850 7667 14338 5399 3837 11939 4362 23481 3991 13013 7455 
3 10683 1727 6788 5534 5732 9312 3227 2898 7249 3276 15908 2978 9984 
4 3544 5500 1053 4205 3225 3167 4533 1818 1268 3955 1900 9719 1848 
5 1024 1928 2898 622 2312 1347 1259 2493 917 574 2244 971 6295 
6 378 561 1086 1543 369 929 681 569 1190 476 340 1058 620 
7 306 210 324 577 725 131 504 295 263 612 280 148 582 
8 41 175 152 167 319 282 79 205 155 163 350 137 70 
9 41 15 103 106 78 119 166 37 77 92 100 157 90 
3+16017 10115 12402 12753 12760 15287 10450 8315 11119 9148 21121 15168 19489 

Fishing mortality 

1 0.00 0.00 (1.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
2 0.06 O. 1I) 0.15 0.09 0.23 0.31 0.08 0.30 0.09 0.19 0.09 0.06 
3 (1.46 0.29 0.28 0.34 0.39 0.52 0.37 0.63 0.41 0.35 0.29 0.28 
4 0.41 0.44 0.33 0.40 0.67 0.72 0.40 0.48 0.59 0.37 0.47 0.23 
5 0.40 (1.37 0.43 0.32 0.71 0.48 0.60 0.54 0.46 0.32 0.55 0.25 
6 0.39 0.35 0.43 0.56 0.93 0.41 0.64 0.57 0.46 0.33 0.63 0.40 
7 0.36 O. 12 0. Ij6 0.39 0.75 0.30 0.70 0.44 0.28 0.36 0.52 0.54 
8 0.82 0.33 0.16 0.56 0.78 0.33 0.57 0.78 0.33 0.29 0.60 0.23 
9 0.39 0.35 0.44 0.47 0.75 0.4.5 0.64 0.54 0.44 0.34 0.S7 0.34 
3+ 0.44 0.39 0.34 0.39 0.57 0.55 0.45 0.56 0.43 0.35 0.35 0.26 

Ratio of population numbers estilliated in 1990 to revised est i utes 

1 1.04 1.00 0.94 0.94 0.95 0.98 1. 01 1. 00 1. 04 1. 04 0.98 0.94 1. 12 .,.. 1.17 1. 04 1.00 0.94 0.94 0.95 0.99 1. 01 1. 00 1.04 1. 03 0.98 0.94 
3 1. 04 1. IB 1. 03 1. 01 0.93 0.85 1. 04 0.99 1.01 1. 00 1. 03 1.03 0.97 
4 1.06 1. (14 1. 11 1. 05 0.98 0.8B 0.99 1. 07 0.99 1.02 0.96 1. 03 0.87 
~ 
.J 1. 03 1. 09 1. 08 1. 17 1.07 1.09 1. 02 1. 01 1. 12 0.96 1.04 0.92 1. 03 
6 1 • 06 1. 05 1. 17 1. 12 1. 25 1. 20 1. 05 1. 06 1.01 1. 18 0.96 1. 07 0.90 
7 1. 12 1. 12 1. 09 1. 24 1. 23 1. 67 1.04 1.00 1. 10 1. 00 1. 25 0.94 1. 11 
8 0.82 1. 19 1. 14 1. 13 1. 38 1.45 1. 09 1. 04 1.00 1. 12 1. 02 1.44 1 • 11 
'1 0.90 0.59 1. 25 1.13 1. 27 1.88 1. 08 1. 09 1. 08 0.98 1. 17 1. 05 1.49 
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Table 10. Residuals for survey indices frol ADAPT 
Year 

Age 77 78 79 ~ 81 82 83 84 85 86 B7 88 89 90 91 
la) USA spring 

1 -0.56 0.54 -2.52 1.09 1.31 1.24 -1.08 -0.54 0.44 0.00 0.33 0.11 -0.35 
2 0.00 0.09 0.36 -0.02 1.36 0.95 -1.54 0.61 -0.14 -0.55 -0.56 -0.10 -0.45 
3 -0.01 -1.34 -0.12 0.14 2.44 0.35 -0.63 0.24 -0.08 -0.75 0.09 -0.62 0.28 
4 -1.14 -0.75 -1.31 -0.64 2.1B -0.B4 -1.30 0.55 -0.40 -0.92 -0.82 -0.63 -0.02 
5 0.46 -0.65 0.05 -l.BB 2.24 -0.23 -0.94 0.56 0.35 0.00 -0.50 0.04 -0.82 
6 -0.09 -0.48 -0.60 -0.69 0.00 -0.34 -0.54 0.52 0.27 0.22 -1.04 0.07 0.14 
7 1.51 -0.19 -0.95 -0.38 2.28 0.77 -0.37 0.63 -1.19 -0.31 -1.64 -0.14 -0.03 
8 1.52 0.23 -0.66 -0.06 1.61 -0.93 0.00 1.26 0.77 -0.52 -0.43 0.03 -0.05 
9 0.66 0.00 -0.49 0.00 2.45 0.00 0.29 1.72 1.74 0.60 0.00 0.16 0.00 

(bl USA fall 

o-1.37 -0.46 -0.01 -0.00 0.99 0.00 0.84 -1.28 1.08 0.31 -0.41 -0.35 0.65 0.00 
1 0.00 0.65 0.92 0.22 0.68 0.04 -1.78 0.23 -0.27 0.65 -0.87 -0.42 0.00 -0.05 
2 1.28 -0.09 0.97 -0.17 O.BS -0.40 -0.44 -1.47 0.64 -1.34 -0.26 -0.36 0.49 0.31 
3 0.48 1.45 -0.09 0.27 0.87 -2.42 -0.34 0.75 0.27 -0.67 -0.32 0.30 -0.13 0.73 
4 0.43 0.55 1.45 -1.01 -0.05 -1.09 -2.00 0.90 -1.63 0.00 -0.71 0.47 -0.03 0.40 
5 1.19 -0.10 0.63 0.02 -1.1B 0.00 -1.79 -1.20 0.00 0.00 0.00 0.91 0.29 -0.29 
6 1.60 0.B8 0.82 -1.23 -1.17 0.00 -1.49 -0.26 -0.42 -1.67 0.00 0.00 -0.64 -0.19 
7 1.41 1.43 0.39 0.30 0.00 -0.22 0.00 0.00 0.00 0.00 0.00 1.30 0.00 -0.66 
B 0.00 0.00 0.50 0.75 0.00 0.00 0.02 0.00 0.00 0.00 0.00 1.23 0.00 0.00 

Ie) Canadian spring 

1 0.56 -0.60 -0.50 0.89 -0.34 0.00 
2 1.63 -0.70 -0.53 0.00 -0.47 0.07 
3 0.42 -0.34 0.22 -0.32 0.16 -0.15 
4 -0.61 -0.83 -0.35 -0.90 0.59 -0.39 
5 0.55 -0.50 -0.15 -0.49 0.51 0.60 
6 -0.19 -0.79 -0.51 -0.35 0.74 -0.34 
7 0.63 -0.38 -0.32 -0.66 1.47 -0.11 
8 -0.72 0.21 0.17 0.50 1.32 0.48 
9 0.63 -1.17 -0.96 0.45 1.64 0.24 
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Table 11. Parameter estilates for age }-9 population nUlbers at the 
beginning ot 1991 and slopes for survey indices for cod in 5Zj,. 

Age Estilate Std. Error SE/iean 
1 9.8859E3 2.5012E3 2.5300E-l 
2 7.8804E3 3.0880E3 3.9186E-l 
3 5.4732E3 1. 9029£3 3.4768E-1 
4 5.1294E3 2.0304E3 3.9591E-l 
5 1.0199E3 4. 597bE2 4.5077E-l 
6 3.5298E3 1. 267bE3 3.5913E-l 
7 3. 4206E2 1. 3724E2 4.0I21E-l 
B 3.2717£2 1.4279E2 4. 3645E-l 
9 5.8356£1 3.0772El 5.2731E-l 

USA Spring survey 
1 2.6646£-5 7.0039E-6 2.6285£-1 
2 1. 6923E-4 4.4145E-5 2.60B6E-l 
3 3.0937E-4 7.70B2E-5 2.4916E-l 
4 6. 3567E-4 7.2412E-5 1.1391E-l 

USA fill survey 
0 2.B047E-5 7. 3983E-6 2.6378E-l 
1 1.2190E-4 3.0844E-5 2.5302E-1 
2 1.3339E-4 3. 22S2E-5 2. 4178E-l 
3 1.7746E-4 2.2441E-5 1.2646E-1 

Canadi an surv!!y 
1 3.808IE-5 1. 6041E-5 4.2123E-l 
2 3.9065E-4 1.4923E-4 3.B201E-l 
3 6. 9(I07E-4 2. 598bE-4 3.7658E-l 
4 l. 0759E-3 2.0270E-4 I.B841E-1 
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Table 12. Results of ADAPT forluJation using Canadian and USA spring 
and USA fall survey indices for cod in 5Zj", 

Year 
Age 7B 79 80 81 B2 83 84 85 86 87 88 89 90 91 
la) NUlbert at age (OOO's) 

1 11214 95BB 9350 17485 64BO 4780 14436 5139 27236 5730 15624 9080 9633 988b 
2 2241 9180 7841 1654 14298 5300 3877 11810 4197 22273 4678 12783 7434 7B80 
3 10679 1726 6779 5527 5721 9280 3146 2931 7143 3141 14919 3541 9796 5473 
4 3543 5497 1052 4198 3219 3159 4506 1751 1295 3868 I7B9 B909 2309 512B 
5 1024 1927 2B95 621 2307 1343 1252 2472 B63 596 2173 BBO 5632 1020 
6 378 560 10B5 1542 368 924 678 563 1172 431 358 1000 546 3530 
7 30b 210 324 576 724 131 500 292 258 598 244 162 534 342 
8 41 175 152 167 319 280 79 202 153 159 338 107 82 327 
'1 41 15 103 106 78 119 165 37 75 90 97 148 65 58 

3+ 16012 10110 12390 12736 12735 15235 10327 8247 10958 BB83 19917 14747 18965 15879 

(b) Biolass at age (t) 

1 6261 6493 5346 14999 3735 4214 9775 342B 19423 3765 12238 5316 BOOS 8215 
2 2214 13419 10567 10255 19842 7615 5507 15915 6493 34849 5834 16427 13471 14279 
3 IBb49 2917 Ib242 12427 11813 20454 7647 5514 20080 7599 36090 7498 27693 15473 
4 7617 19752 3410 14274 11912 10422 16954 5981 5034 Ibb30 b703 33102 8541 18970 
5 2891 88BB 14792 3104 12050 6809 6140 11181 4693 3583 11904 4332 29405 5325 
6 1696 312b 7285 10354 2408 6018 422Q 3469 8197 3139 2305 6033 3635 23498 
7 1449 1954 2318 5138 6557 1112 415b 2271 2185 5616 2228 1182 4587 2936 
8 320 20BB lB71 1555 2957 2889 822 18bO 1433 1686 3568 1141 924 3b73 
9 276 155 1252 1035 998 1415 IBID 371 665 1116 1085 168b 853 763 

3+ 32897 38BBl 47171 47886 4B694 49120 41748 30647 422B8 39369 63883 54974 75637 70637 

Ie) Fishing lortality at age 

0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 -0.00 0.00 
2 0.06 0.10 0.15 0.09 0.23 0.32 0.08 0.30 0.09 0.20 O.OB 0.07 0.11 
3 0.46 0.30 0.28 0.34 0.39 0.52 0.39 0.62 0.41 0.36 0.32 0.23 0.45 
4 0.41 0.44 0.33 0.40 0.b7 0.73 0.40 0.51 0.58 0.38 0.51 0.2b 0.62 
5 0.40 0.37 0.43 0.32 0.71 0.48 0.60 0.55 0.49 0.31 0.58 0.28 0.27 
6 0.39 0.35 0.43 0.56 0.84 0.41 0.64 0.58 0.47 0.37 0.59 0.43 0.27 
7 0.36 0.12 0.47 0.39 0.75 0.30 0.71 0.45 0.29 0.37 0.62 0.48 0.29 
8 0.82 0.33 O.lb 0.56 0.79 0.33 0.57 0.79 0.33 0.30 0.63 0.30 0.14 
9 0.40 0.35 0.44 0.47 0.75 0.45 0.64 0.55 0.46 0.35 0.59 0.37 0.27 

3+ 0.45 0.39 0.34 0.39 0.57 0.55 0.45 0.57 0.44 0.37 0.38 0.27 0.40 
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Fig 1. Canadian landings by gear type(X 1000) 
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Fig 2. Canadian and USA landings of cod(X 10000) 
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Fig 3. Percent age compostion in 1990 
landings of 5Zj,m cod 
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Fig 4. Population 3+ biomass (t) and 

Canadian longline C/E (tl1000 hooks) 


Biomass 
.•. C/E 

,." . 
... .-:.::~-\.. 

' ..
... / ············\1'-..,)· 
• 4 • _. ~ • .;. 

.0 

'". 

1.5 

1.2 

0.9 

0.6 

0.31 
I 

'. 

Vear 



... 


20 


Fig 5. Fully recruited~3+)~Iation(X 10000) biomass for 5 j,m
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Fig 6. Populations numbers (3+) for 
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Fig 8. Recruitment at age 1 with 1991 
set to geometric mean 




