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INTRODUCT IO

STLYIR HAYE  /MESLUDETIUS BILIMEARIS) EELONGS TQ THE BADITAE FAKILY WHICH ALSO THCLULES THE COMMOM COD, HALDOCK,
ANl POLLOCK, SFECIES BISTRIBUTION RANGES FROM THE GRAMD RAMKS TO DELAWARE (LIEM AND SCOTT,1944), TWO STDCKS SOUTH
GF BROWN'S BANY HAVE BEEN REFEREER 10 BT ANDERSOM ({§77), ALTHDUGH THERE IS5 N0 SPECIFIC DELTHEATION OF A THIRD STOCK
STLVER HRKE 03 THE SCOTIAM SMELF HAVE DEEM HISTORICALLY REGARDED RS A SEPARATE URIT (HALLIBAT ET 0L, 1979), @
DISTIHOT SEOTIAM SHELF SFARHING COMIENTRATION WAS DBSERVED RS ERRLT A5 [§42 BT RESEARCH VESSELS FROM THE USSE
[SARMITT AND SAUSKANM, {747),  SAUSKAM (1754) ALS) SUFRORTS THE THEORYT OF A SEFARATE SCOTIAN SHELF STOCK,
CURSEHT GATA F5O0M THE CANADIAN SCOTIAH SHELF ICHTHYOFLANKTON SURVETS SUGGEST THREE
TFLERTE SPAUNING LOCATIONG, OdE EACH OF BANAUEREAL, SAELE ISLAHD AHD EROWM'S BAMKS (WALDROM, 19B1F,)

SERMETS BN SEUSARH (1947} TEEMTIFIED SEASOMAL AREAS OF SILVER HAKE STOCK CONCENTRATIONS AS THE SHELF EREAK AND
SABLE 16ishi sit¥,  C1A1 (1970) SUMMARIZED 1941 TO 1948 USSR SCOUTIHG VESSEL DATA WHICH DESCRIBED MOMTHLY COHCENTRATIONS
OF GILVEL HRXE FROU AT [0 JULt IH Al ARES SEAWGRD OF THE SMALL MESK GEAR LINE, RECEMTLY, SCOTT ({947 AHD {980}
FRESENTED RESULTS FROM CAMADIAN RESEARCH YESSEL SURVETS HHICH SHOW THAT BOTH AIULT AHD JUVERILE (AGE 1) FISH
ARE WIGHLY COMCENTRATER ON EMERALD BANK AND FHE SLOPE RREAX, THEREFURE IF THERE I5 MORE THAN OME
STOCK 0N THE $20TIAN SHELF 1T I5 FRCEARLE THAT THE SILVER HAKE FISHERY
CAULE PGHCEUTEATE AM & SEFARATE FUT DISTINCT UNIT, THIS FOSSIRILITY

15 CURREHTLY BEIHG INYESTIGOTED,

SEAUNTHNG NCTURT OVER THE SCOTLIAN SHELF FRON MAT TO DCTORER, PERXING IM JUNE AHD AUGLST (SARNITS AMD SAUSKAH, 1967’
NOSEAY, 1974 AHD MOSKOY ET AL, 1978), SAUSKAN (1948) SUGGESTS YHAT SILVER HAKE FEMALES ARE SERUENTTAL SFAWMERS WITH EACH
FEMALE SPABRTNG AT LEAST TWICE, HICKLING AND RUTENBERG (1971) SUPFORT THIS HYFOTHESIS WITH ORSERVATIONS DN  MERLUECIUS

AND 57 £% nesrscT:ver, THE MAXIMUM POSSIBLE LEMGTH (L
0 BRE 20 YEBRGS,
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RECORDS OF & SCOTIAN SHELF COMMERCTAL FISHERY FOR STLVER HAKE DATE RACK 70 THE EARLY {G50'S (CLAY,{§79},
THE THTRODURTIOR OF THE GOVIET FLEET IN {94} SIGHALED THE START OF A YRULYT DIRECTED FISHERTY, FEAK CATCHES OCCURRED
' 3963 (123)000T)y 1970 (14950007) AND THE LARGEST M 1973 (300,000T), RECEHT CATCHES MAVE REMAINED NEGR 50,000

TOHE [FIBURE 1), ALTHOUGH SOME COUHTEY ALLODATIONS HAVE NOY OLNAYS REEN CAUGHT; THE USSR HMAS BEEM ABLE TO CATCH THE MAJG
PORTION OF THERR ALLOCATIOH,

[kt
t . B
38
WHEH LRUADA FROCLAIMET & 20() MILE MANAGEMENT ZOWE I {977, FOREIGH FLEETS WERE RESTRICTED TO THE SEAWARDSIDE OF ﬂHﬁ FEH
15 MO REFERRED TO &% THE SHALL MESH GEAR LIHE [SMGL) (F1G,72), SIRCE 1077y A LARGE EQDY OF DATA HAS RHEEN COLLECTED o
EFFORT &bl MORPHOLOGILAL DATH EY TRAIHED OBSERVERS, THIS INFOFMATION HAS REEM AND TS USED TO EVALUATE THE SILVEFR
HAXE STOCK,
HEk
o
CATOH D EFFIRT
N+
FROVISINHAL 100] CATCHES WERE DBTATHED FROM MAFD STATISTICS AND CIRDULAR LETTERS 4AMD CAMADIAN STATISTICS{TARLES {+3),
DBIRECTED SILVER HAKFE EFFORT FOR {98] WAS ESTIMATED FROM THE ORSERVED DIRECTED CFUE FOR EACH FLEET (TABLE I}, DIRECTER CATCH
ARD EFFORT FOR {979 AND {930 WERE OBTATMNED FROM HAFO AND' ADJUSTED BY TOHNAGE CLASS AND GEAR T0 USSK DTED, TOMNAGE CLASS 7 )
ES2ELS FICHING FOR SILVER HAKE, EFFORT FOR FREVIOUS YEARS WAS OETAIMED FROM CLAY QWD REGHLAHDS []1980) WHO ADJUSTED REFORTED- "
EFFORT TO THE USSh 01E2, TC7 BIRECTED SILVER HAKE FISHERY (1€, WHEH SILVER HANE WARS THE MAJOR SFECIES CAUGHT), £
DETRILED DIRECTED CATCH AHD EFFORT FROM THE ORSERVER PROGRAM ARE SUKMARIZED IM APFENDIN {, Eoaranet

$941 GAWFLING TWTEWSITY

SEMFLING FOR CATCH, EFFORT, LENGTH AHD AGE ®AS COMDUPTED BY THE CAHALA SCOTIA-FUMDY OBSERVERS, FROM THE APPRONIMATELY
245000 TOMS OF SILVER HWAKE REFORTED CRUGHT, 10,004 TONS, OF 50 PERCEHT WAS ORSERVED FOR ALL FLEETS, COVERAGE LEVELS FROM
1978 TO 1DRQ ARE GIVEN IH WALEROR 1981A,

SERPLING LEVELS FOR LEMGTHS WERE ARDVE THE NAFD RECOMMENDED LEVELS FOR ALL MONTHS (TABLE 4), OTOLITH
SANFLES WERE ADEQUATE FOR ALL MONTHE, AGEING RAS DIOME AT YHE ST, GHDREWS LARDRATORY, HEW BRUHSRICK, CAMADLA,

REDEARCH VESSEL SURVEYS

MINTMUM ESTIMATES FROW JULT-AUGLST CANADIAN RESEARCH SURVEYS OH THE SCOTIAN SHELF ARE REFDRTED
IR AFPENDIX 2, THE DESTGH AND SAMPLIHG METHODOLGGIES OF THESE CRUISES ARE DISCUSSED IH HALLIDAY {19743,

i

THE YEARS (970 AHD 1?71‘ RESEARCH VESSEL ESTIMATED HUMEERS AMD FIOMASS AT AGE FOR 1972 TO {981 DHLY ARE SUMNARIZED I TAELES'

RESEARTH HUMBERS FEAKED AT 728 MTLLION FISH IN 1§71, WHICK 1S ALSD THE FEAK FISHING YEAR, SINCE THAT TIME THE
ESTIMATED NUMBERS HAYE FLUCTUATED UNTIL 1§78 WHEM THEY STAEILIZED TM THE RAMGE OF 43 TO 4 KILLION FISH,

HOWEVER, EQTH HUMEER OND BIONASS TREMD'S HAYE IMCREASED IN {981, THIS CAR BE ACCOUNTED FOR EY

THE FRESEHCE DF THE STROMG {978 AND {979 YEAR CLASSES (FIG5 I8 AMD IF)



g LEHGTH FREQUEHCT DATA TOLLECTED EBY THE OESERVER PROGRAK IH {08] WAS SUMMARIZED BY MOHTH AWD SEX

FUP EACH COUMTRT SAMPLED, THESE MONTHLY LEWGTH SUMMARIES WERE ARJUSTED TO ESTIMATED MONTHLY CATCHES DERIVEL FROM
F'OU’ SDURCES &MD REFORTED TH TARLE {, USTHG MOWTHLY AGE-LEMGTH KETS SUFFLIED Br THE AGEING GROUP IH SF, ANDREWS, THE

_Am}MEEF.B STOLGE FOF EACH SEY WERE CALCULATED BY MULTIPLYING THE MATRIY OF PERCEMT AGE-AT-LENGTH BT A HUMBERS-AT-LENGTH

; s‘EE,;”AE»:‘TFA\EJ: WOWUTHLY HUMEERS-AT—AGE WERE WEIGHTED TO CATCH FOR EACH CDUNTRY AND SUMMED IM ORDER TO ARRIVE AT THE ESTIMATED

SEMDYALG-AT-AGE FOR 1947 TC 1970 WERE BERIVED BY CLAT AND BEANLANDS {1980), THE 1979 AND {9B() REMOVALS-AT-AGE
ERE FRESENTED BY RALDROM ({GB1A) BASEL OM A 44,171 TOM CATCH, THESE WERE ADJUSTED UPWARDS WITH THE FIHAL 1980 CATCH

E 445377 TOMS,

%
Aﬁsnx WEIGHTS-AT_ABE

NEAM WEIGHTS-AT-AGE FOR 4347 TO 1979 WERE DERIVED BY CLAY RHD BERNLANDS (1980), THME 1980
CWERM WETGHTS-AT-AGE  WERE COMPUTED USING THE JULY, {980 RESEARCH VESSEL WEIGHT-LENGTH RELATIONSHIF
(FOR EACH SEN AFFLIED TO MOMTHLY COMMERCIAL MEAN LEHGTHS, WEAN WEIGHTS-AT-AGE FOR 19g] WERE CALCULATET FROM

1 2 3 4 g s 7 8 9 10

1980 7 AT AGE §,041 0,141 0.213 €,280 9,322 0,366 0.520 0.501 0,892 1.452
B WU AT 80F 034 50142 0,173 0.248 0,318 0,369 0,472 1,547 1,316 1,409
T 1577 - 1981 0.050 0.139 0,198 0,236 0,321 0.385 0.530 0.B49 0,727 0.942

| CETDH BIDWASSAAT.AGE A5 CALDULATED BY MULTIFLTING THE REMOVALS-AT-AGE BT THE MEAM WEIGHTS
LAT-ABE { TAELE 103, AGRETMENT KETMEEN REPORTED NOMIMAL CATCH AND CALCULATEDL {4 RIDMASS WAS GOOL

1954 1965 1966 1947 1968 1949 1970 1971 1922 1973 1974 1975 197 1977 1978 1979 1980 196l
81147 50027 10323 2477 3471 44323 169045 128657 114048 298621 95745 116284 97184 30762 48200 5431 44377 43000
81426 50051 10401 2516  J34D A4T9B 169663 127698 113188 298937 95598 116562 97243 36833 48174 56402 44726 44933
DIFF, 7279 729 778 T390 9L TIPS A1 959 B8s0 TH2 147 TI7é TIR 1071 24 Tt TI49 TIRE

THE SAWE M (),4) A5 USED IN THE FREVIOUS ASSESSMEWT (WALDRQM,; {9Q1} WAS PRESEWTED BY TERRE aMD MARL ({977),
8 FFUE-AT_OGE MATRIY WAS CALCULATED &Y DIVIDTHG THE CATCH REMOVALS-AT-AGE (HUKBERS) BY THE APFRO-

- i‘ FKIRTE TEARLY DIRETEDL EFFORT (TABLE 1)}, FALOMEIMO I VALUES WERE CALCULATED (Z=-LN[{C\F}2:(C\F}1]

SF1yF0/%) AMD REGRESSED AGOINST MEAM EFFORT, THE IMTERCEFT (M) AND SLOFE (F) WERE UHREALISTIC

AN THE QRIGIHAL ESTIMATE OF K=0,4 WAS AGATH USED FOR THIS AHALYSIS,



VIRTUAL FOPULATION  AHALYSIS (VFA), TERKIMAL F AND RECRUITHEHT

FERTIAL RECRUITHMEMT AMD F AT AGE {() U/SED IM THE FREVIOUS ASSESSMENT (WALLRON, {9§iA) WERE INITIALLY USED
FOR THIE {9§] ASSESSMENT, '
F AT AGE {( WAS CALCULATED KT AVERAGING F'S FROM AGES 2 TO 4 FOR ALL YERRS EXCEFT 198], THESE CALCULATED F VALUES
WERE THEM USED IH THE MEXT VFA ITERATION, THIS FROCESS COHTIKUED UNWTIL HO CHANGE IW F'S AT AGE |{) WERE HOTED,

Tt ORDER TO DETERMINE THE TERMIMAL F FOR THE YPA, SEVERAL VARIAELES WERE CALCULATED, TO DETERMINE WEIGHTED F, THE
F MATRIN FROM 1947 TO {981 WAS WEIGHTED BY FOPULATION NUMEBERS FOR AGES 2 TO § (FyPDP:SUM FOF), CATCH FER UNIT OF EFFORT
(CFUE) whs CALCULATED BY FIRST SUMMING THE FRODUCT OF THE CATCH-AT-AGE AHD THE MEAN WEIGHTS-AT-AGE FOR AGES 2 TO {()
KHICH WAS THEW DIVIDED BY DIRECTED EFFORT, OMLY THE YEARS 1947 TO {981 WERE USEDL, COMPARISON DF FOFULATIOM
WEIGHTED F AGATNST BIRECTED EFFORY ARD 34 FOFULATION CPUE AGAINST D+ POPULATION BIOMASS INDICATED THAT A TERMIMAL F OF g,20
WITH AR M=(),4{) GAVE THE FEST COMEIWATION OF R AWM THE DIFFERENCE RETWEEH THE OESERVED AND PREDICTED VALUES (TAERLE {32),
KATRICIES F FOFULATION HUMBERS, FOPLLATIOH EIOMASS AND F AT TERMIMAL F=(,20 AHD Mz, 640 ARE FRESENTED IH TARLES

13y 14 &Mk {5,

BOTH HUMBEFS AMD BIOKHSS FOR AGEL I FISH HAVE INCREASED SIHCE {974 AMD PROBABLY REFLECT THE

SHIFT I WEEH SIZE FROM 4)MM TO LOMM CODEMIS, ESTIMATED {4+ POFULATION BIOMASS HAS INCREASED IN {980

TG LEVELS FEMINICENT OF THE BIOMASS FRESENT DURING THE FISHERY IN THE EARLY 1970'S,

THIZ IS QUE TO THE PRESENCE OF THE LARGE 1978 YEAR CLASS, FREDOMIHANT IH {081,

HOWCVEFR, THE {980 YEAR DLASS 15 EXTREMELY LON RMEN COMPARED TO FREVIOUS YEARS (FIG, 4, TABLE {%), THIS TRENI 1S NDT EVIDEHT.
IN THE RESEARCH VESSEL NATG (FIG,5, TABLE ]4) WHICH COULD SUGGEST AN AVATLARILITY FROELEM, o

THE FINAL PBRTIAL RECRUITMENT FOR {981 WAS DERIVED STKILARLY TO THE 1980 ASSESSMENT BT AVERAGIHG THE {§77 TO
1950 F'4—6T-ABE (FIGURE §4), FULL RECRUITMENT OCCURS AT AGE 4 WHICH IS OME YEAR LATER THAN THE AVERAGE OF YT
FUS_AT-AGE USED IH THE FREVIOUS ASSESSHEHT AMD 2 YEARS LATER THAN THAT PEIOR TO 1977, .

PARFTTAL RECEUITMEHT USED IM THIS AHD PREVIOUS ASSESSMENTS -

AGE 1 2 3 4 3 6 7 8 § 10 -
FR{FREVIOUS) (044 C.444 1,000 1,000 1,000 1,600 1,000 1.00¢ 1,000 1.000
FE(1977-'80) 0.029 0,273 0,835 1,000 1.000 1,000 1,000 £,000 1,000 1,000
FE(1%62-'76) 04150 1,000 1,000 1,000 1,000 £.000 1.000 1,000 1,000 1.000

YALIDATION OF VFG

THE FISHING MORTALITY AT AGES 7 TO & WERE WEIGHTED EY POPULATION HUMBERS OND AVERAGED FOR THE YEARS 1944

TO 1981, THE PERIOD {347 TC {945 WERE OMITTED FROM THE CALCULATIONS BECAUSE THE FISHERY WAS DEVELOPING, FURTHER,
TWRING THE YEARS {944 AND 1945 THERE WAS & LAKGE SOVIET HADDOCK FISHERY WHIDH COULD MASK SOME OF THE EFFORT
LIRECTED TOMARDS SILVER MAKE,

REGRESSING WEIGHTED FISHING WORTACITY AGAINST DIRECTED EFFORT (Rz(),§35) AMD DIRECTED CPUE (FIONASS) AGAINST
2¢ FOFULATION BIDMASS (R=(),7(7) WAS OFTIKIZER WITH A TERMIMAL F OF {,20 (TAELE {2, FIGURES 7 AMD §),




YIELD PER RECRUIY

THE YTELD FER RECKUIT WAS CALCULATED USIHG THE THOMPSOM AND PELL MODEL, MEAN WEIGHTS-AT-AGE WERE
AVERAGED FOF THE YEARS {977- 1§81, FULLY RECRUITED F(,{ WRS (,444 WITH & TIELD OF (040 X6, THE
FMaX 1S 3,555 WITH @ YIELD OF (,074 KG, {TABLE {g),

. RECEUI THENT

RECKUITMENT FOR GILVER RAKE MAS BEER RELATIVELY UNSTABLE SINCE 1944 AVERAGING 1,34 BILLION
INMIVIDUALS, FOR PROJECTION FURPOSES KECRUTTHENT WAS TAKEN AS THE GEOMETRIC AVERAGEL FROM 1970 TO 1980 (1,79 BILLION)
GG RS & RESULT IT 1S FOSSIELY AM OVERESTIMATE OF THE {§B() RECRUITMENT,

_ CATEH FROJECTIGHS UNTIL {981 WERE CALCULATED USIMG THE ABOVE PARTIAL RECRUITKEMT, F{),{, N, MEAM WEIGHTS-AT-AGE AND THE
' GEOMETRIC NEAD OF RECRUTTKEMT FROM 1970 TO {980 (1,29 BILLION FISH), THREE OPTIONS FOR THE {983 CATCH WERE GEMERATEL,
S THE FIRST BSSUMEL THE F(,{ CATCH OF §4,000 TOMS TN {98 WOULD FRERICT AN F(,] CATCH IN 1983 OF 44,000 TONS (OPTION {,TABLE
7+ 19), THE SEROWD ASSUMED THE ASSIGHED 19g7 TAC OF §0,00) TOMS WOULD BE CAUGHT, THIS ASSUMPTION PREDICTED THE {983 CATCH WOULD
W BE 48,00 TONS (OFTIDN 2, TAELE 19), THE THIRD ASSUMES AN AVERAGE CATCM In 1987 WOULL BE 40,000 TONS (OFTIOH 3,

| TAELE {9), THE ESTINATED {932 CATCH OF 40,000 TOMS INCREASED THE 1983 FQ,1 FREDICTED CATCH FROM 44,000

(OPTION §) TC 74,000 TONS (DFTIOH 3}, GIVENM THE RECEMT HISTOKY OF ALLOCATIONS OPTIOM J WOULD XE A WOST
_REALTSTIC PROJECTION,

SFECIAL THANKS ARE GIRECTED TO MK, JOE HUHT, HEAD OF THE AGEING UNHIT IN ST, ANDREN'S AWD THE CANADA SCOTIA-FUNDY OBSERVERS
% _WHD SFENT MAHT HOURS COLLECTING THE DATA USED IN THIS ASSESSMENT, THAHKS ARE ALSO GIVEM T0 MRS, MILLIGAN
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Table 1. 1981 Provisional Silver Hake Catch (t) in NAFQ Divisions 4¥WX,

COUNTRY  APRIL MAY JUNE JULY AUG SEPT acT NOV _ TOTAL

CANADA - 1 - - - - 2 3 6l.4
CUBA - 66 279 198 97 2 - - 6423,
ITALY* 117 162 181 - - - - - 460%
JAPAN - - - - 70 43 7 - 12036
POLAND - - - 0.20 0.5  0.03 - - 1°
PORTUGAL* 161 633 666 - - - - - 14609
UsA - - - - 1 - - - 11
USSR 459 11035 14498 11912 2333 - - - 402353,6
TOTAL 737 11897 15624  12110.2 2501.5 45.03 9 3 42924

1 NAFO Circular Letters
2 Canadian DFQ FLASH System
3 NAFO Provisional STATS
4 Canadian Statistical Reporting System
Only Observer Program Data
5 Only monthly catch prorated by using FLASH data.

* Both Italy and Portugal Fished for Joint Trawler Companies.

Table 2. 1981 Monthly Percentage caught in the 4VWX Silyer Hake Fishery
{using FLASH and Observer Data),

TOTAL
COUNTRY  APRIL MAY JUNE JULY AUG SEPT 0cT NOV_ CATCH ({T)

cupal 10,27 43.42  30.87 15,13  0.31 - - 662
ITALYZ  25.34 35,33 39,33 - - - - - 460
JAPANL - - - - 58,21 35.59  6.20 - 120
POLANDZ - - - 29.00 67.00  4.00 - . 1
PORTUGALZ 11.03 43,34 45.63 - - - - - 1460
usal - - - - 100.00 - - - 1
usspl 1.14 27.43 36.03 29.60 5.80 - - - 40235
TOTAL 37.51 116.37 164.41 89.47 246,14 39,90  6.20 - 42924

1 FyasH menthly data used
Observer Program monthly data used,
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Table 3. Catch directed effort and CPUE for silver hake caught in NAFC Divisions
4y, 4u and 4X for all countries,

Nominal DirectedZ : Observed?

. Catch £ffortl cPUE] Observeq2 Catch Réalculated?d
YEAR  ('000 t) (hrs) {Directad) CPUE (‘000 t} Effort
1963 123 55216 2.22 - - 55216

64 81 38675 2.11 - - ) © 38675
1965 50 44696 1.12 - - 44696
66 11 44175 .24 - - ) 44175
67 . 3 3818 .66 - - 3818
68 3 19295 .19 : - - 19295
69 47 - 36033 1.29 - - 36033
1920 169 82710 2.05 - - 82710
71 129 1005624 1.27 : - - 100624
72 . 114 68313 1.66 : - - 68313
73 299 128061 - 2.33 - T - 128061
74 96 101283 .94 - - 101283
1975 116 94997 1.23 - - 94997
16 97 - . 54430 ©L78 ' - - 54430
77 37 . 20382 1.81 1.30 - 20382
8 48 . - 35154 1.37 1.304 17 37058
793 56 39994 1.41 7 1.885 23 27574
19806 44 330477 S 1338 s 33628
8l 43 . 287457 .30 1.188 22 287457
1 Effort adjusted to vessel class and gear (from Clay and Beanltands, 1980).
2 Data from Canadian and Joint Camada-USSR and Canada-Cuba observer programs.
3 Effort and CPUE calculated from provisicnal 1979 catch statistics.
3 ICNAF Res. Doc. 79/17 (Seaward of Small Mesh Gear Line}.
5 ICNAF Res. Doc. BO/18 (Seaward of Small Mesh Gear Line). -
6 provisional NAFO Statistics.
T Estimated from Observer Program, using 1980 FLASH effort adjusted by observer
hours divided by Observer Days.
8 Observer data seaward of Small Mesh Gear Line.
% tffort readjusted using reported catch and Observer Program directed CPUE.
Table 4. Summary of 1981 Observer Program Silver Hake Sampling.
COUNTRY SAMPLE APRIL MAY JUNE JULY AUG SEPT TOTAL
. CUBA Meas. - 2772 6718 4581 - . - 14071
- . Oteliths - 29 48 . 0 - - 106
ITALY  Meas. 2301 6234 5034 - . - 13569
Otoliths 36 46 15 - - - 97
JAPAN Meas. - - - - 8515 8873 17388
) Otoliths -+ | - - : - 333 195 528
POLAND Meas. - - - - - 217 - o217
‘Oteliths - - . - Y - o
PORTUGAL  Meas. 2899 12302 10828 - - - 26029
Otoliths 40 60 30 - - - 130
USSR Meas. . 3433 69583 30760 56566 5107 - 1€5429
Qtoiiths. . 109 391 73 384 239 - 1196
TOTAL Meas. 8633 90891 53340 61147 13839 8873 236703
Otoliths 545 526 . 166 384 572 195 2057
0t./Meas. .0001 .006 .003 .006 .041 .022 .009
No. Smps. T 43 454 267 306 69 44 1184
. Catch (t) 690 9583 - 5520 5933 285 33 22?34
No; Smp . -

('000 t} 62.32 47.38 48,37 51.58 242.11 1333.33  52.08




TABLE 5, SCOTIAH SHELF SILVER HAKE RESEARCH VESSEL SURVEY humeers ot ace, { “(000) .

AGE 1972 1970 1974 1975 1§76 1977 1978 1979 1%B¢ 174t

1 27717 69273 37346 17591 17338 28744 13337 3846 739 14378
2 45447 130968 120211 16722 49123 42718 12339 32794 11270 AI90R
I 677% BI0O0 17114 2458 4521 27749 8232 8494 14748 48930
4 3857 7394 217 RaFE OG5 B9 ANDT 1M1% 0 4234 29338
31577 880 2114 768 409 5405 1444 501 2174 BM9
b 6 317 407 445 330 2428 1439 414 1584 24670
7 140 1108 443 128 94 1324 601 239 770 1471
2 330 404 254 202 132 497 233 0 444 415
9 a8 41 9 19 89 107 469 0 18% 254

10 205 342 2 0 0 7 21 & il 227

TOTAL 1+ B7054 228789 102047 40028 74313 117437 44757 ARNY 4373 171680

Table 6. Scotian Shelf, July-August Groundfish Survey Biomass at Age (Tons) for Silver Hake.

YEAR

AGE 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981
1 1552 3117 2353 1179 1092 © 1780 654 235 303 619

2 5434 16764 15507 2592 7270 6282 1357 5051 1589 7357
-3 1417 1622 3491 . 646 1113 5832 1432 1739 3146 15077
4 878 1848 662 354 561 2436 995 397 1186 8269

5 432 2030 837 366 248 2146 975 143 700 2788

6 505 1396 1297 203 185 1253 480 142 584 1160

7 68 537 432 145 78 883 230 98 400 958

- 8 416 538 293 254 166 535 116 0 268 358
9 52 12 0 31 77 117 368 0 169 - 302
104+ 0 592 33 - 0 0 0 145 0 481 316

TOTAL 10754 28876 24906 5771 10789 21163 6752 7805 8826 37234
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Table 7. Monthly removais-at-age ('008) for Silver hake in NAFD aywx (1981).

MO NTH VERRLY S
COUNTRY AGES APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER TOTAL L
CANADA 1 - * - - 2 ) j
2 - 1 - - - 5 [ 1
3 - 3 - - - - - 6 9 |
4 - 1 - - - - - 2 3 o
5 - * - - - - - * 1 o
6 - * - - - - - * * -3
7 - * - - - - - * * KO
8 - - - - - - - * * '
g - * - - - - - - *
10+ - - - - - - - * * . i
TOTAL - 6 - - - - - i6 22 {
CATCH (T) - 1 - - - - - 3 ) ]
CUBA 1 - 2 9 * 10 2 - - 23 . I
2 - 38 106 91 107 k! - - 345 T
3 - 208 795 458 265 4 - - 1730 . !
4 85 224 171 77 1 - - 558
5 - 21 63 114 20 * - - 218 ' ]
6 - 13 56 20 4 * - - 83 1
7 - 1 8 3 2 > - - 14 S
8 - * * 2 0 * - - 2
g - * 1 * ] - - - 1
10+ - - 1 4 * * - - 5
Total - 368 1253 865 484 i1 - - 2981 {
Catch {t) - 66 279 198 97 2 - - 642
ITALY 1 5 28 8 - - - - - 4
2 62 69 48 - - - - - 179 ‘
3 384 506 455 - - - - - 1345
4 05 222 165 - - - - - 482
5 42 51 56 - - - - - . 151
6 7 30 39 - - - - - 76
7 2 4 3 - - - - - 9 A
8 1 - - - - - - - 1
9 - * * - - - - - *
10t i - * - - - - - 1
TOTAL 599 912 774 - - - - - 2285
CATCH (T} 117 162 181 - - - - - 460
JAPAN 1 - - - - a7 33 5 - 85
2 - - - - 105 71 12 - 188 ;
3 - - - - 147 90 15 252
4 - - - - 46 25 4 - 75
5 - - - - 17 6 i - 24
6 - - - - 6 4 1 - 11
7 - - - 3 2 * - 5
8 - - - - E L * - *
g - - . - _ - - - -
10* - - - - * * * - 1 H
TOTAL - - - - 372 231 38 - 641
CATCH (T) - - - - 70 43 7 - 120
POLAND 1 - - _ * * . _ ) .
? - - - * * * - - *
3 - - - * 1 * - - z
4 - - - * * * - - 1
[ - - - * * * - *
6 - - - * * * - - *
7 - - - * * - - *
8 - - - * - - - _ *
9 - - - * - - - - *
10t - - * - - - - *
TOTAL - - - 1 2 * - - 3
CATCH (T) - - - * * * - - 1
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7. {Continued).

MONTH YEARLY
AGES APRIL MAY JUKE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER TOTAL
1 22 37 10 - - - - - 69
2 167 474 315 - - - - - 956
3 451 2054 1964 - - - - - 4469
4 115 780 553 - - - - - 1448
5 32 193 156 - - - - - 381
6 10 i1 108 - - - - : - 229
7 6. 13 10 - - - - - 29
8 1 * - - - - - - 1
9 - 1 1 - - - - - 2
10+ - - * - - - - - 1
TOTAL 804 3663 3117 - - - - - 7584
CATCH (T} 161 663 666 - - - - - 1460
1 8 847 297 14 235 - - - 1461
2 206 6430 5634 4623 2570 , - - - 19463
3 1464 32662 43130 28929 6365 - - - 112550
4 400 14649 12343 9896 1849 - - - 39137
5 115 3934 3359 6735 472 - - - 14665
6 a7 2270 2082 1099 106 - - - 5604
7 18 290 145 179 46 - - - 678
8 6 3 3 126 - - - - 138
9 1 14 13 35 - - - - 63
10+ * - 6 247 3 - - - 256
TOTAL 2265 61099 67012 51993 11646 - - - 194014
CATCH (T} 45% 11035 14498 11912 2333 - - ~ 40237

_GRAND TOTAL 3666 66049 72156 52858 12504 242 8 16 207530

,-* Data less than 1.
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TakLE 8, COMMERCTAL SILVEF HAFE REMOVALS AT AGE FRDK THE WAFQ DIVISION AVYWM SILVER HARE FISHERY,

AGE 1962 1583 1944 1965 1985 147 (%48 1949 1970 1M1 1§71 1§73 1974 1975 1976 1977 1978 197% 1980 19E!

| 1BR4Y 48073 1070 4347 BIM B9 2270 27636 187298 219407 3I7Y3IA 245401 10LISE 144908 133533 2131 28807 10533 4272 148t :'“
2 526770360718 232433 115396 31209 5398 14130 189232 FABODL 10149 440410 1478425 390044 165424 3IRLES! 43528 9110l 87T 40575 L1M7 N

3 7412 157119 121703 82187 14944 3A07 4831 72147 14244 175005 7536 94490 150741 57768 M8 78024 90038 70250 82011 120357 S

4 Q1B 7IIBD SO%44 12T 7009 1779 1416 M9F1 S9BI 74753 47903 104381 7095 40750 M29% 09536 4201 5070 35ES7 1704 ~. .
5 4 374 0575 (4N 2872 953 627 4200 20695 22015 17822 ges4é F7BY QL0 SHEZ £980  1ysii 323G (529D 19440 LA
[ 4 15902 402 4083 1043 442 J12 2038 9435 1877 AS2 19511 3MT 4799 2669 2004 BAIR  1B4BS 4179 L094 )
H 67 WE7 WM 1781 289 134 kil 571 3408 513F 1160 1TT7 93 m S14 463 3704 D530 MR 115 o
8 1 B R P T L 78 5¢ ki 143 1980 1133 417 SHLB 109 343 105 564 2016 194 ELRS 147

7 LI 4! 570 209 2 2 ? ¥ i 2082 807 483 &0 160 0 522 421 1255 90 13

1@ 2 Bog 350 78 9 10 2 16 680 1900 2000 Eibd 71000 82 H 643 533 4 23

TotAL B2244 774798 AL91R4 284597 45484 12390 23928 120181 19113 913842 OBBBAL 2064830 241D 4F561 4341 183900 287402 M5 20B27L 07330 e f

TAME 9, SLGT1AH SHELF STLVER HAKE COMMERCIAL CATCH KEGN WEIGHTS-AT.AGE {%,),

AGE 1942 1943 1944 1945 1966 IPAT IREB 1969 19F0 1971 1972 1971 1974 1970 1974 1977 1976 1979 1980 1961

1.000 0.077 0,081 0.077 4,067 0,072 ¢.078 0,073 0.042 0,060 0.040 0,056 0.045 0,043 6,067 0,063 0,042 0.047 G.041 0,041 9,038
2,000 0,104 0,129 0.140 G.15% 0,128 0,190 0,128 0,133 0.12¢ 01128 0.119 0,128 0,129 0,155 0. 148 0,147 0,110 0,154 0,141 6,143
2,000 0,160 0.1B9 0,189 0.195 0,195 0,196 0.175 0,175 0,167 0,188 0.209 0,214 0,204 0,243 0,244 ©,210 ¢.174 0,200 0.217 0,193
4,006 0,216 0,251 0,241 0.240 0,240 0,259 0,733 ¢.214 0,222 0,254 0,240 0,250 9,310 0.237 0.273 0.290 0.226 0,243 0.280 0.248
5,000 9,254 0.313 9.202 0,238 0.27B 0,322 0,309 0,250 0,303 0,315 0,274 0.295 0,196 0,477 0,407 0.397 0,263 0,285 0.327 0.2i8 )
8.000 004 40373 0,362 0,336 0,310 0,374 0,374 3,290 0,404 0.450 0,557 0,437 0,519 0.437 0.523 0,514 5,329 0,344 0,346 0,369 L
7,000 0,310 0,407 0,371 0,359 0,324 0,389 0.382 0.293 0,470 ¢.587 0,483 0,485 0,975 1,133 6,818 0,467 0,382 G.411 C,320 0,672 e
2,200 0,331 2,530 0.508 9.418 0,340 0,445 0,417 0,351 0.705 0,832 1,263 9,875 1,154 1,257 1.251 1.077 0,498 0,320 0,601 1.547 oo
£.000 0,234 0,219 9,721 0.518 0.371 0.440 5,404 0,451 0,828 0.512 0,886 1.174 2,001 1,435 0.859 1.089 &, 784 0,957 0,892 1.315 e
10,000 0,149 €.735 1,031 0,40 0,245 0,417 0,147 0,298 0.875 0.712 0,001 1,726 1,508 0,946 1.618 0,001 0,459 1.189 1,452 1,409

AVE 14+ 0,219 0,375 0.394 0,298 0,252 0.308 0,245 ¢.252 0,414 0,412 0,40% 0,583 0,528 0,461 0,443 0,444 0.349 0,396 0,481 0,425

TAFLE 10,  SCOTIAM SHELF SILVER WAXE CATCH EIOMASS-AT-AGE (T},

AGE 1962 1963 1984 175 1%k6  1%67 1948 19&? 1970 197% 1972 171 I9M4 1975 1974 1977 1978 199 1980 1981

1459 3934 1448 437 503 7 166~ 1726 11238 B7B4 21242 11043 5173 9Tz 4T3 132 2 443 a7 [
478 90143 32541 17425 I9S B¢ 1807 5148 PAZSL 52499 S4813 189238 30316 56472 SHdB 419 10020 8112 gS4l ’3Q23
1106 29895 23001 18043 29iE 707 845 12626 36113 32901 14951 20842 7SI 10B27 7RIS 14427 1567 1S0S0 17448 1A% . v
466 18168 12281 BYI4 1482 151 377 4702 1383 16988 11457 26588 2199 143%8 B B571 9735 12424 10D4B 10743 ’
10164 4214 #29 743 273 194 1350 8271 4941 4BB3 28511 3876 1BAL7 2272 M7 5522 90 4904 491D o
75 G931 J404 2044 3 146 117 591 3893 BAS 4151 BeDS 1749 ST 1407 10 2835 43S 26l 1S

i Wi 1182 439 74 53 ] 167 18% 37 380 7351 91 352 431 moo1Es 2 875 454

OO De U e L PO e
[
(=]

6 [uB 582 )41 7 el 13 W 402 1109 332 A7 12 436 13 £07 1004 1000 204 21
1 B0 411 108 7 ? 4 13 12 1282 538 547 9 589 33 S48 ke 594 80 L
10 { o9 31 » 2 9 0 3 595 1353 2 1408 114 745 149 [ 435 834 4 7

TOTAL f+ B8BTS 12726 BL4I 50051 10801 2914 JS62  AsS9B 169663 127490 103189 299933 95599 116562 97043 34633 4BL74 56402 44726 44953 s




- 13 -

TASLE 41,  SCOTIAW SHELF SILVER COMMERCIAL CPUE-AT-AGE {NUKBERS ''(0) PER WOUR),
AGE 1941 1944 1965 1966 1947 1968 1969 L1970 197i  1R72  1WP iPP4 1975 1976 1977 197B 1579 1980 198l
1. 0,880 0.493 0.146 0.189 0,023 0,118 £.773 1,245 2,182 5553 1.916 0,999 1,526 2.821 0.105 0.777 0,382 0.187 0,058
2 7,040 4,010 2,582 0,706 1.414 0732 5,252 9.044 4,074 6,743 11,545 3,850 3,849 7.012 2,134 2.438 1.710 1.801 0.735
5 . 2,845 3,147 1,943 0,339 0,945 0,250 2,002 2,415 1,739 1.047 0,753 1,488 0.536 1.330 3,838 2.430 2.72% 2,419 4,187
4, LML LB 9,833 0499 0.466 0.0B4 0,810 0,723 00743 0,701 0.B30 9,070 0,439 0,375 1.45¢ 1.180 1.83% 1.067 1.451
5. ¢.588 0.532 0,320 0,040 0,274 0,032 0,177 0,250 0.21% 0.261 0,755 0,097 0.404 0.103 0.342 0,526 1,172 0.435 0,537
[ TR 0,288 0,743 0,138 0.024 0.114 0014 0.057 0417 &.81% 0109 0,853 0,032 0,051 0,049 0,096 0,233 0.670 0.184 0,209

e 0,092 0,077 0,040 0,007 0,036 0,005 0,016 0,044 0,051 0,017 118 0,001 0,003 0.009 (.024 0.087 0.201 0.050 0,02
8. % . 0,080 0.030 0.017 0.002 0,014 0.007 0,004 0,024 0,013 ©.006 9,043 0,001 0C.004 ©.002 0,028 0,054 0,070 0.010 0,005

9. C0.020 0,015 0,005 0,000 0,005 0,000 0,004 0.013 0,020 0.00% 0.004 0,001 0.004 0.007 0,026 0.011 0,045 0,003 0.002
1. . 0,015 0.009 0,002 0.000 ©.003 0,000 0,000 0,008 0.01%9 0,029 0.006 €.001 0.0%1 0,002 0.000 0,017 0.017 0,001 0.009

AVE [+ 1,312 1,087 0.592 0149 0,325 0.124 0.B8% 1510 ¢.908 1448 1812 0,654 0,705 1.191 0,805 0,776 0.904 0.420 0.722

Table 12. Summary of YPA Tuning for the Scotian Shelf Silver Hake Stock
Assuming an M = 0.40.

Weighted F CPUE vs
Terminal F Criteria (Pop.#'s} vs Effort (hrs.} 2+ Pop. Biomass
0.1 r 0.939 0.570
Observed 0.089 0.174
Predicted 0.159 0.211
Diff. -0.070 -0.037
Intercept -0.095 0.074
0.2 r 0.935 0.709
Qbserved 0.178 0.174
Predicted 0.197 0.167
Diff. -0.018 0.007
Intercept -0.053 0.019
0.25 r 0,932 0.680
Observed 0.223 0.174
Predicted 0.212 0.146
Diff. 0.011 0.028
Intercept -0.035 0.027
0.3 r ] 0.928 : 0.640
Observed 0.268 0.174
Predicted 0,225 0.133
Diff. 0.043 0,041
Intercept -0.018 0.039
0.40 r 0.918 0.574
Ry Observed 0.247 0.174
AL Predicted 0.358 0.121
I Diff, !

o Intercept 0.011 0.058




TRELE 13. SCOTIAH SHELF. SILYER HAKE FOFULATION HUMBERS F=

Vel
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o4 FULL REC, AT AGE 4,

AGE 1962 19863 1964 1965 1966 197 196 %6 1970 1971 1972 1973 1§24 1970 19 1977 1978 1979 1%B0 1981
1 1469077 1092597 44211 300034 471776 Bh&4D1 1494439 2700975 1733956 1497181 3853113 1451345 1390177 1525854 1091640 1019781 1270042 2177658 727294 151201
2 5E5447 L9485 492057 275979 195800 09437 SB0828 1001247 17B7RET 1010481 960052 T275el9 774781 B49BAD 905174 A07545  ABIB47 BIB2A3 1401141 48241)
T 76747 9758 340159 TRD3 92943 104045 203035 377850 18541 403613 351023 278997 M7E397 2MA27A4 1791s6 303476 I72022 38334 S10474 93543
4 92436 139247 109795 130960 IP0719 S023L 48155 132173 195105 175622 264270 177404 109904 1J1818  §I9L 128904 140077 174972 196137 277194
542 50208 36285 322 57923 75234 32MA6 44172 70861 BIBSS  5B30B 138502 3584l 47916 A00VD 41432 GRLTF EISE T7RAD 102642
b 13385 07724 14797 8155 1089 34458 49736 21082 24732 30%04 37844 24806 18162 14180 (D013 ID3GL 2UIB 26I7A 14818 I
7 2989 81T L7 29 801 4445 24213 I30ES 17488 BY00 19194 19361 1729 9554 4999 BO4D 13309 7972 Q2 4E@7
B I5% 3546 1BFL 17M4 358 08 4209 L4150 27i4 5477 1935 11925 1443 1084 4153 4275 5001 8354 1063 . 91
9 M N 50a R 599 177 183 9% 10709 12944 2800 945 34sb 879 436 4039 40% 1740 27iB 419
10 54 132 b 163 [:N] 152 102 192 1850 6277 012 1l4 Wm0 409 03 [ K. W 05 1749

TOTAL 1+ 2431314 2455763 1820002 1011431

952002 1495587 2459106 4329854 4377870 1434408 SU553L2

4380411 2711348 2816607 2444372 2140004 2372818 2449748

2787224 2107088

TGELE {f,  SCOTTAN SHELF SILVER HAKE FOFULATIOM BIGMEES (T, F= 0 AN M=,

asE 131 1043 1344 1945 194 1947 (ME 19?1970 1971 1970 173 1974 975 1974 197 1978 199 1980 1%Et

1 TUI4 OAD TIPAE SFSUS 10940 167441 104017 TEA7 215774 SSM1 B7SE 102037 48771 43226 62257 13183} 29MY 1Eng

2 014 41517 S0AT h416 74346 133165 225074 129347 114244 291279 99947 131725 LT3998 9324 7003 127553 204614 48998

3 A178 54331 1B128 CO07BS GGIL GA1TS BASO0 113479 7IIEA 50053 TATBY SIMD 6BS7S AIJMG S4732 7ae79 H09LET 174N

4 aug1 A6 JBFTE L1010 15860 TBIOS 43316 MMADS £3425 44414 34020 310P 2707F 37397 31770 A335E 54975 L3nH

5 WEST 9SA5 13503 24205 09SE 1E09) 21470 24099 15975 AQBSE 14761 I239%F LSIID 14443 17732 17030 29098 32497

4 S155 0740 1309 13783 LE700 ALL7 9997 13507 21679 10890 9289 7334 8033 11533 716 80D SIS0 147

7 JI8E 910 280 2507 BM9 9P+ SBAT  TI24 9971 9390 16BS 10827 SBE5 5386 5101 3IFF 1749 3T

5 sa1 73 11 137 i755 SeS% 15308 4557 D444 10434 L86%  1362 7478 4504 D450 3304 44D 143

9 451193 2% 7% &6 1261 8BS 7R 230D 1160 41438 375 4399 188% 946 244 573

10 7B 47 21 188 15 30 1619 aked PR T - 01506 1516 9B udd

TOT, 1+ P47OTLOIS2457 242284 141699 126284 1BBYZS 274742 42890) 527354 417521 T17890 536115 125908 372186 337358 254027 249764 415593 434144 IgAETI

TRELE 15’ SCOTIAM SHELF SILVER HRLE TRELE OF F VALUES,

acE 1963 1964 1965 1966 1947 198 1969 1970 1971 . 1972 1973 1974 1975 1976 1977 1978 1979 1980
1,000 0.016 0,055 0,055 0.627  0.022 0.000 0,002 0,003 0.140 0,470 0.127 0228 0,092 0,122 D.186 0,003 0.028. 0,008
2,000 0,115 0,447 0,511 2.687 0213 0,020 0,030 0,298 0,686 0,858 0.835 1,402 0899 D713 0493 0.091 0,176 0,0BO
3,000 0,042 059 0.S55 0.436 0,216 0,047 0,029 0,261 0,483 0,426 081 0,537 0us48 0,356 0,372 0,370 .MI 0,249
4,000 0029 0.948 0,796 0.418 0,073 0.0M 0,028 0,223 0436 0,703 0246 1200 0,081 0,789 0,473 0,322 0,455 0.420
S.000 0,020 1,004 1,092 0,714 0,057 0,014 0,024 0,185 0,430 0,384 0455 1,632 0,39 1,094 0,184 0.227 0,465 1,008
5000 0,023 1,113 1,343 LSIE 0,125 0,015 0,008 0.124 0,62 0076 0.7 2,263 0.2 03B 0037 G105 04621 1,648
7.000 0,014 1.3 0,854 1,560 £.540 0.035 0,005 0,021 042 126 0.074 2,19 0067 0.040 0,097 0075 0383 1,613
8000 0006 LO2 107 0,515 D04 001 0,008 G001 0T 0.345 2316 0779 0096 0510 002 0,72 DgST 0,449
9,000 0,002 0.804 1,317 1,076 0.035 Q0,147 0.04% 0,013 0,134 0,23 0.329 0,520 0.000 0.566  1.B8% 0,70 8238 1.743
10000 0.085 0,894 0,859 LM 0137 5,027 0.0M 0210 0,573 6.45 DB 1406 0453 0,679 0,392 0235 0,412 0,85
W e 0030 0843 0,381 0,520 0,174 0,057 0,623 0,137 0.427 0,455 0335 1154 0300 0.541 0,454 0177 637 0.9
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TRELE 16' FERCEHT AT AGE OF THE HAFO DIVISIONS 4vWi SILVER HAKE CATCH,

AGE 1942 1961 1964 1945 1966 1967 1968 1969 1970 1971 1972 1973 1574 1975 1976 1977 1978 1979 1980 1981

100 23,04 4,71 4,15 2,47 12,74 0,72 9.4 8,69 14,99 24,03 36,34 11.88 15.27 21,65 23,48 1,30 10,02 4.23 3.01 0.8l
2,00 44,03 52,46 50,62 43,61 47,51 43,57 59,05 59.10 59,88 44.B8 46.58 71,50 50,88 54.41 58,87 26,54 31,70 21.14 29,07 10,19
3.00 9,01 20,89 26,50 31,14 22,78 29,11 20.1F 22,53 17,3 19015 7,23 4,67 2275 7,68 11.17 47,70 31,33 30.19 39,35 57.99
400 2082 9,99 1110 1407 10,67 14,36 6,75 6.B6 4.7% 818 484 5,15 107 9,07 4,83 18,02 14,97 20.35 17,22 20,10
5.00 0,87 4,48 448 S.41 407 6,30 2,62 LA 186 2041 1.80 4,88 1.40 S.77 0.B6 426 4,79 12,97 .34 744
6,00 0,30 2,20 2,05 2,30 1,62 397 1,30 Cb4 0,77 021 075 0,95 0,049 0,72 041 1,27 300 P42 197 2,89
7.60 0,08 0,70 0,65 0.67 044 1,10 041 0.8 029 0.5 0,12 0.73 0,01 0.05 0.08 0,29 1,13 2,22 081 0.35

8.00 0,02 XI1 0.23 0,22 0442 04 0013 0,04 D6 0.5 0,04 026 0.02 0.05 002 0,34 0,70 077 0,16 0,07
9.00 0,00 0.5 0.17 0.08 0,07 ©,06 .04 0.01 0,08 0,23 0,06 .02 0,01 0.05 0.06 0.37 6.15 0.50 0.04 0,03
16,00 000 011 0,08 0,00 0,01 008 0,01 0,00 0,05 021 0020 004 0,01 0,13 601 0,00 6,22 021 0,02 0,13

TOTAL 0,00 0.00 0.00 0.00 6.00 0,00 0,00 0.00 €.00 0.00 0.00 0.00 €.00 0,00 0.00 0,00 .00 0.00 0,00 0.00

TABLE 17 PEFCENT-AT-AGE (WUMBERS) FOR JULY/AUGUST SCOTIAN SHELF SILVER HRKE RESEARCH SURVEYS

AGE 1972 1973 1974 1475 1974 1977 1978 197% 1980 1981

1.09 .94 i0.28 2
2,00 2,48 57.24 4
3.00 Y. 3.89
4.00 4,26 3.23
50 1.8 3.0

0.51 43,93 3.3 24.41 29.84 7.9¢ 17,12 7.94
4
9
1
1
£.20 1.04 1.39 1
0
0
0
¢

03 41.78 s4.10 36,33 22,97 48,17 26411 20,38

A0 b.64 6,07 23,61 18,39 18,07 4.2 39.92

17 1,73 2 7014 7.94 3,36 9.81 17,09

16 .92 0.82 4,59 7.49 £005 5,04 4.92
2 il 0,47 2.06 1.2 0.84 170 1.56

7.00 0.14 0.48 4 0,32 0,13 1.13 L1 0,50 1.78 0.86

8.00 0.18 0.30 4

9,00 007 0.03 90

16,00 0.26 015

0.51 0.18 0.42 0,52 0.0¢ 1.03 0,25
0.05 0.12 0.09 1,05 0,00 0.44 0.1
{ 0,00 0.00 4,49 0.00 0.77 01

=
]
L)

AVE, 1+ 10.00 10,00 1000 19,00 10.00 10.00 10,00 16.00 10.00 10.00
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TeeE 18,

FISHING
MORTALITY

1-— 0.445

P
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VIELD FER RECRUIT FOR SILVER MAXE ASSUMING AVERAGE WEIGHTS FROM 1977 TO 1980,

CATCH

{ HUMBER )
{.21802
0.27175
0,312%3
0.36832
040812
0,42438
0.43879
.47530
047164
0.50472
2,51693

L)

n

g L B
e B v |

(b L

2 D CE

s TS T e T LS
A LM LN N LA EN

T e e )
Lhnoon

o
s}
=
=

[<}

TIELD
(¥6)

AVG, WEIGHT
(KG)
{1,241

W22
0,204
¢.188
0,177
0,183
0,162
0,157
0,153
0,149
0,146
0.143
0,341

YIELD FER
UHIT EFFORY

4079
0.7

TIELD FER RECRUIT

7IELD FER RECRUTT(KG) VS, FISHIMG MORTALLITY

28 & a 9 ] ] 2
! ! | ! ! ! ! ! !
3.9 4.9 4.5 5.8 T
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Table 19: Catch projections for Silver hake. F = 0.2. M=0.4.

BGE 1 2 1 4 3 ) 7 8 ? 10
HATAGE  I5Z201 482421 923963 277294 102442 219921 4887 951 439 1749
CATCH 1681 21137 120337 41704 15440 4004 735 143 56 253
WRTARE 0,050 0,139 0,198 4,258 0,321 0,285  0,%30  0.849  0.927  0.942
FECRUT 1284143
LOGREC 14,0672

STORES 19,9074

TEAR FOF FOF CATCH CATCH MATURE

HUMEERS ~ KIOMASS MUKRERS  RIOMASS F

Option 1

1981 2187083 392767 207530 454%0.42 0200
1982 2583381 I77046  JA4349 BR929.30 4440
1983 2741264 365230 270982 A5921.29  0.4480
TEAR FOF FOF CATCH CaTCH MATURE

HUMEERS — BINMASS MUMBERS  EIOMASS F
1981 2187083 392767 207530 45690.42  0.2000 Option 2
1082 2583381 177046 I20315 B0000.37 G090
1963 2750101 371281 270452 67706.47 G 444D
TEAR FOF FOF CATCH CATCH MATURE

HUMBERS ~ BIOMASS HUMBERS  RIQMASS F
1981 2187088 292767 207330 AS6%0.42  0.2000 Option 3

1982 25E3IB1  I7M046 239543 60000.0¢ 0,274
1983 2824355 I91793  20GA30 7376377 L4440
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Table 20: Catch projections for Silver hake at F0 1 = [.446.
M=0,4, Option 3.

POFULATION RIODMASS FOFULATION MUMBEF:
. 'S

I __—{?Bi 1??2 1983 ! 1981 1982 1983
— e e e i e .

11 17589.40 4405002 4405002 11 352201 12
21 §7034.49 32719.30 11BA25.92 2 48242? lﬁgglgi 1333§Z§
3| 182845.46 40630.91 28848.50 311 923563 306;17 1:5699
41 714B6,49 134507,28 41210.34 41279 52170 159854
S+ 32954,57 48850,55 8380741 31 102662 152182 °210€3
61 15361.69 21680.49 29303.20 61 391 52345 ‘7615’
71 259211 11620,46 14951.85 714887 21909 "Bl?;
g1 B04.87 2274,03  9303.49 Bl 951 2682 10963
91 404,72 483,42 1243.87 9 43¢ Lsﬂﬂ 1347
01 184729 226,87 245,97 101 149 2ZI vsf
| 392757,09 377045,72 391792,20 | 2187088 2583331 29?4556
£ATCH HUMBERS FISHIHG MORTALITY
| 1981 1982 1993 1981 1982 1983
e e e
1f 1481 B937 13405 170,006 0,008 6,013
21 21137 14902 80971 21 0,035 0,080 0,122
31 120357 56298 38545 3 10,171 0,250 0,381
41 41704 110069 48109 410,200 0,292 0,444
S 1 15440 30105 79575 310,200 0,292 0,444
61 6004 11886 22912 6 110.200 0,292 0,44¢
71 75 4600 pags 7 10,200 0,292 0,444
g | 143 S84 3299 81 0,200 0,292 0,444
9 | 66 110 404 9 l 0.200 0-292 0'445
w1 % s 10 1 0,200 6,292 0,445
| 207530 739345 295030
CATTH EIOMASS
| 1981 1982 1983
11 B4 445 478
21 2938 2071 11258
3| 23831 11147 7636
4 1 10751 28376 12403
S 1 4954 10304 2522
61 2310 4574 9819
71 390 2452 4500
g1 121 480 2800
91 41 102 374
101 M8 48 T4
|

45490 0000 73764
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Figure 1. Scotian Shelf silver hake fishery
catches (t).



or

9%

L5

TBULT AR ysaly [{BWS :2 3dn9I4

r

- 20 -
g

NOIMSNNYE

MIN

e




No's ('000)

- 21 -

230000
200000
150000
100000
50000
0 I SR NS S NN S NN SN N
1972 1974 1975 1978 1980 1982
YEAR
Figure 3a. Scotian Shelf silver hake research vessel
SUrveys numbers.
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Figure 3b. Scotian Shelf silver hake research

vessel survey 1+ biomass (t).
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Figure 4. Percent at age numbers for age 2(R) and
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“0.251 ! ! ! ! I i
0 30000 100000 150000

FIGURE /, FOP AGES 7 - 4 WEIGWTED F vS EFFORT (HRS,) FOR THE 4VWX SILVER HAKE STOCK, (R = 0,935 ),

TRELE , FREDICTED AMD CALCULATED WEIGHTED £ AMD EFFORT (HES,) FOR THE 4VWKX SILVER HARE STOCK,

YEAR 1967 1968 19469 1970 1971 1972 1971 1974 1973 1976 1977 1978 1§79 1980 1951
FRED F 70,025 0.110 0,237 0,645 0,828 0,539 1,061 0.827 0,772 4,417 9,120 0,245 0,183 0,235 0,193
WFRF 0,026 0,028 0,252 0,660 0,567 0,600 1,324 0,736 0,679 0,589 0,200 0,277 0,236 0.118 0.147
TERK F 0,027 0,024 0,210 0,575 0,449 0,418 1,404 0.453 0,679 0.392 0,225 0,412 0,485 0,294 ©0.200
DIf EFF 71818 19295 34033 82710100424 48313128041101283 94997 34430 20382 37058 27574 33628 28745

TABLE |, REGRESSION OF WEIGHTED F AGAIHST EFFORT (HRS,) FOR THE AVWX SILVER HAKE STO(L,

REGRESSION COEFFICIENT 8.7418?66465"6

THTERCERT "0, 05849026044
T-VALUE 9.47363052
STRHDART ERROH 9,22758p122E77
BEGREES OF FREELDM 14
OBSERVATIONS 13

Ra7 0.871478915 ’

] 0.934400741
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" CPUE (TONS/HR)

0,25

¢.20

0,15
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0,00 . L ] | ) ! L | L

0 100000 200000 200000 400000 300C00

FORULATION BI0WASS {T)

FIGURE 8‘ FOFULATION RIOMASS Alh CPUE FOR THE gVv#i SILVER HAKE STOCK,

{ F= 0,691 1
SFAHHING THE TEARS {947 - 1981 !

#ic': TORLE |, REGRESSION OF YEARLY CFUE AGAIHST YEARLY POFULATION BIDWASS FOR THE 4VWi STLVER HAYE STOCK,

i YEAR 1957 1968 1949 1970 1971 1972 1973 1974 1975 1976 1977 978 1§79 1930
FRED CFUE 0,078 0,097 0,138 0,205 0.176 0,156 0,228 0.128  0.142 G041 C.128 0,115 O.147 0.197
DR, CPUE 0,073 0.020 D.138  0.2i13 0.3 0,150 0,25¢  0.098 0,125 0.179 0,200 0,140 0,225 0.4
L BTONASS  17{130 145502 761440 A1BI14 149434 302119 470808 23831 269958 248587 237803 07510 282757 404327

TARLE , REGRESSIOW OF TEARLY CPUE AGATHET TYEARLY FOFULATION PIOMASS FOR THE 4YWM SILVER HAKE STOCK,

REGRESSICH COEFFICIEMT 4,28110898%E7

IHTERCEFT 0,0261949343

T-YALUE 3.450071802
. STANDARD ERFOR 1,2409333877

DEGRFES OF FREEROH 14
OBSERVATIONS 15
T 0. 4779744437
K 0.49130489597
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APPENDIX |
Preliminary 1981 monthly observed catch rates.for 4YWX Silver hake, Argentine and Squid.
DIRECTED MONTH
COUNTRY SPECIES APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER TOTALS
USSR "S. hake Catch (T) 413.4 8751.3 4506,5 5459.0 188.9 - - 19319.2
Hrs. 306.3 £085.2 3704.9 4466.0 130.8 - - 14693.3
Days 25 348 268 217 10 - - 868
C/hr. 1.3 1.4 1.2 1,2 1.4 - - 1.3
Squid Catch (7) - - 45.2 462.4 1.7 - - 509.3
Hrs. - - 63.2 445.2 10.5 - - 519.9
Days - - 8 38 1 - - 47
C/hr. - - 0.7 1.0 G.2 - - 1.0
Argentine Catch (T) - - - - - - - -
Hrs, - - - - - - - -
Days - - - - - - - -
C/hr. - - - - - - - -
JAPAN S. Hake Catch (T} - - - - 26.3 3.1 - 29.4
Hrs. - - - - 52.0 14,3 - 66.3
Days - - - - 7 2 - 9
C/hr - - - - 0.5 0.2 - 0.4
Squid Catch (T) -~ - - - 2259.4 1256.2 28.1 3543,6
Hrs. - - - - 1539.7 2216.3 31.8 3787.8
Days - - - - 155 93 3 251
C/hr. - - - - 1.5 0.6 0.9 0.9
Argentine Catch (T) - - - - 16.4 2.6 - 19.0
Hrs. - - - - 16.0 15.5 - 3l.4
Days - - - - 3 2 - 5
C/ar - - - - 1.0 0.2 -
CUBA S. hake Catch (T) - 108.7 241.2 72.8 1.6 - -
Hrs. - 236.8 562.1 117.5 23.1 - -
Days - 15 42 § 2 - -
C/hr, - 0.5 0.4 0.6 0.1 - -
Squid Catch (T} - - 17.9 15624.7 51.4 - - 1593.9
Hrs. - - 43.3  721.0 100.7 - -
Days - - 4 74 11 - -
C/hr. - - 0.4 2.1 0.5 - -
Argentine Catch (T) - - - - - - - . -
Hrs, - - - - - - - -
Days - - - - - = = -
C/hr. - - - - - - - -
PORTUGHAL S. Hake Catch (T} 160.8 632.8 665.2 - - - - 1458.8
Hrs. 203.0  806.1 919.0 - - - - 1928.1
Days 13 _46 50 - - - -
C/hr 0.8 " 0.8 0.7 - - - -
Squid Catch (T) - - - - - - - -
Hrs. - - - - - - - -
Days - - - - - - - -
C/hr. - - - - - - - -
Argentine Catch (T} - - - - - - - -
Hrs. - - - - - - - -
Days - - - - - - - -

C/hr
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fe]iminary 1981 monthly observed catch rates for 4VWX Silver hake, Argentine and Squid.

BIRECTED ' —NWONTH

SPECIES APRIL MAY JUNE JULY AUGHST SEPTEMBER OCTOBER TOTALS

S.Hake Catch (T) - - - - - 0.02 - 0.02
Hrs, - - - - - 4.5 - 4.5
Days - - - - - 1 - 1
c/hr - - - - - 0.004 - 0.004

Squid Catch (T} - - - 59.8 486.4 24.9 - 571.1
Hrs. - - - 43 130.1 45,1 - - 21B.5
Days - - - 3 14 7 - 24
C/hr - - - 1.4 3.7 0.6 - 2.6

S. hake Catch (T) 116.4 162.3 176.8 - - - - 455.5
Hrs. 143.9 250.3 365.3 - - - - 759.5
Days 14 21 23 - - - - 58
C/hr. 0.8 0.7 0.5 - - - - 0.6

Squid Cateh (T} - - 5.5 - - - - 5.5
Hrs. - - 25.2 - - - - 25,2
Days - - 2 - - - - 2
C/hr. - - 0.2 - - - - 0.2

Argentine Catch (T} - - - - - - - -
Hrs. - - - - - - - -
Days - - - - - - - -
C/hr. - - - - - - - -

.GRAND TOTALS for all areas from April-October for all countries for Silver Hake, Squid & Argentine,

5. Hake Catch (t} 690.6 9655.1 b5589.7 5531.8 216.8 3.1 - 21687,12
Hrs. 653,2 7378.4 5551.3 4583.5 205.9 18.8 - 18391.1
Days 52 430 383 226 19 3 - 1113
C/hr 1.1 1.3 1.0 1.2 1.1 0.2 - 1.2

Squid Catch (t) - - 68.6 2046.9  2798.9 1281,1 28,1 6223.6
Hrs. - - 131.7 1210.2 1781.0 2261.4 31.4 5416.1
Days - - i4 115 181 100 3 413
C/hr - - 6.5 1.7 1.6 0.6 0.9 1.2

Argentine Catch {t) - -, - - 16.4 2.6 - 19.¢
Hrs. - - - - 16.0 15.5 - 31.5
Days - - - - 3 2 - 5
c/hr - - - - 1.0 0.2 - 0.6
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APPENDIX 11
July 1981 Groundfish minimum estimates (Mos. '000) for Scotian Shelf Silver Hake.

Strata/Sex 1 2 3 4 5 6 7 8 9 1w 1 12 13 W
43-52 '

Male 0 40 40 97 0 44 0 6 0 0 0 0 0 0

Female 0 72 170 43t 132 ¢ 42 100 0 0 0 0 0 50

TOTAL 0 112 210 528 132 163 42 100 O 0 0 0 0 50
53-66

Male 5975 19650 19020 9509 3102 451 57 0 0 0 0 0 0 256

Female 6808 20776 45345 17502 4372 1845 1292 162 181 0 187 0 0 73

TOTAL 12783 59676 64374 27011 7474 2296 1349 162 181 0 187 0 o 329
70-85

Male 2009 1792 588 277 143 0 4 0 25 40 0 0 0 0

Female 1565 1779 3348 1522 700 211 40 174 48 0 0 0 o 0

TOTAL 3574 3571 3946 1799 843 211 80 174 73 40 0 0 0 0
90-95 '

Male 19 0 0 0 0 0 0 6 0 0 0 0 0 0

Femal e - - - - - - - - - - - - - -

TOTAL 19 0 0 0 0 0 0 o 0 0 0 0
YEARLY TOTAL

MALE 8003 21282 19667 0883 3245 495 97 © 0 25 40 0 0 0 256

FEMALE 8373 22627 48863 10455 5204 2175 1374 436 229 0 187 0 0 123

TOTAL 16376 43909 68530 29338 8449 2670 1471 436 254 40 187 0 0 379
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