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Management and Current Fishery

The silver hake fishery on the Scotian Shelf has traditionally been pursued by large
(TC 7) non-Canadian fishing vessels using bottom trawls; Cuba, USSR, and Japan have
been customary participants. Prior to 1977, fishing was unrestricted in terms of area and
gear. During this period fishing was shelf wide, and the use of trawl mesh as small as 40
mm was common. In 1977 Canada amended fishing regulations to restrict fishing for this
species to the seaward side of the Small Mesh Gear Line (Figure 1), west of 60"W longitude,
with a minimum mesh size of 60mm. However, on an experimental basis a portion (4-6
vessels) of the fleet ;.vas altowed to fish inside the line during 1978 and 1979. From 1980
through 1983 fishing was permitted by condition of license in an eastern extension of the
box as far as S7°W longitude; from 1984 to present this eastern extension has been restricted
to 59°W longitude.

By regulation the fishery opens April 1 and closes November 15 each year; however,
in recent years vessels have been allowed to commence {ishing uader experimental permits
in March.

Since 1990 renewed attempts have been made to boost Canadian participation in fishing

this species. However, attempts by Canadian fishing vessels to catch this species have met
with mixed success, as long distances to the fishing ground and deeper water preferred by
silver hake caused difficulty for smaller vessels. Since 1991 Canadian companies have
negotiated charter arrangements with fishing companies of Cuba and the CIS (formerly
JAESSRY Lo Bsh Conaden slocaisons using TU 7 vessels. - Tlese arcangements were much
more successfﬁl. and hﬁve continued. As a result alloeatioﬂs to foreign nations have been
reduced, although the overall vessel/gear composition of the fishery has remained the same
as in previous years.

Nominal catches from this stock have ranged from.300,000 tons in 1973 to 32,000 tons



in 1992 (Table 1Y; the provisianal catch in 1993 is 29,000t. The Scientific Council advice
on caich levels, the Total Allowable Catches {TAC's) established, and resultant catches,

from 1983 have heen as follows:

Year| 1983 | 1984 § 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994

Advice| 80 100 160 100 100 167 235 100 105 75 51

TAC| 80 100 160 100 100 120 135 135 100 1 105 .1 30

Catch| 36 74 15 R3 62 74 91' 69’ 68' 32 29 NA

[ Preliminary

Removals and Weights at Age
Sampling for length composition of the commercial catch in 1993 was conducted by

the Canadian Observer Program (IOP) while otoliths were collected by both Canada and
CIS (Russia). More than 2000 samples consisting of 350,440 lengths were collected during
the fishery. Of the otoliths collected, 1,563 ages were read by Canadian scientists and 531
by Russian scientists. A summary of length and age sampling is presented in Table 2,

The commercial removals at age for 1993 were calculated from Canadian length
sampling and a combined Canada/Russia age-length key, foilowing the same procedufes

used since 1991. Regressions of lengths and weights fromthe Canadian July research vessel

surveys were used to calculate yearly o and § values (Table 3) used in the calculation of
sample weights and weights-at-age. The removals-at-age and weights-at-age for 1977-1992
were taken from the previous assessment (Showell ef af., 1993} to provide estimates for the
period 1977-93 inclusive. {Table 4, 5; Figure 2). |

Indices of Abundance -

Commercial Catch Rates
The APL program STANDARD was used to standardize catch rates for the

period 1977 to [993. in the previous assessment of this resource (Showell et al.,
1993), six factors were included in the model: data source, month, year, area, fishing
regime and country. As data source and fishing regime were not significant, the
model used in this assessment was simplified to include month, year, areaand country
only, with data from the Canadian Observer Program.

Examination of the regression results (Table 6 and accompanying graphs) show
year, month, and country all have a significant effect on the model. A comparison
of catch rates calculated with the previous and reduced models is shown in Figure
3.

The standardized catch rate for this stock has dropped in recent years, from a
peak of 5 t/hr in 1989 to 1.6 t/hrin 1992 and 1993. The most recent catch rates are
similar to those experienced in the late 70°s and early 80s.

Canadian Bottom Trawl Surveys

The July stratified random groundfish survey has been conducted on the Scotian
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Shelf from 1970 using three Canadian rescarch vessels (A. T-Cameron, Lady Hammond,
and the Alfred Needler), A conversion fuctor of 2.3 1s applied to the series prior to 1982
to account for the effect of vessel and pear changes between the AT Cameron and the
other two vessels (Fanning, 1985). .Nn conversion is required between the Lady

Hammond and Alfred Needler.

The survey results indicate a continual decline in total numbers and Biomass over
~ the period 1986-1992, Results of the 1993 survey indicate both numbers and biomass
have risen mederately (Figure 4).

In numbers at age (Table 7), the July RV surveys in 1991 and 1992 show the 1990
and 1991 year classes to be weak. However, the 1993 survey shows stightly higher
estimates for these year classes at age 2 and 3 respectively. Further, the 1993 survey
confirms initial indications that the 1992 year class is large, with 166 million fish
estimated at age 1.

Silver hake juvenile survey

A standardized IYGPT O-group survey for this species was conducted in
Oct/Nov. 1993 using the Canadiain R/V Alfred Needler. Results suggest the 1993
year class is of average size for the time series 1981-91, with astratified mean number
per tow of 186.5. These data as well as those of previeus years for the core strata

(60-78) are presented in Table 8.

Estimation of Parameters
Sequential Population Analysis

" Asin previous years, a Sequential Population model was used to assess the silver hake
stock. This assessment used the ADAPTive framework (Gavaris, 1988) and included a
dome shaped partial recruitment pattern achieved by sctting F at age 9 to 10% of that on
the fully recruited ages 3-5 (after Showell et al. 1993). Commercial catch-at-age, age
disaggregated standardized CPUE, Canadian July Survey catch-at-age and the juvenile
O-group index were included in the analysis. Ages 3-5 were assumed fully recruited and
ages 1-8 were included in the calibration block, The formulation is summarized below;

resulls are in Table Y.

1y Cuteh at Age extends from 1977 ta 1993 and Ages | 10 9
The Catelent Age dad NOF comtin n FLAS Grong
2) Partial Recruitment -* indicates ages used to calculate mean fully recruited F.

Ages PR

" 0.020

0,249

* 1.000

* 1.00¢

1.000

0.775

0.550

0.325

0.100

3) Natural Mortality was set at (.4 o

4) F'sover Ages | 1o 8 will be estimated starting from:

Ages F

! 0.06
2 0.075
3 0.306
4 0.306

[Foite RS Wo RV RNL ST S R
*



5 0.306

ﬁ .236

7 0.167

8 (1099 .
51 Mortality at age 9 was FO% of that [or fully cecruited ages.

) Research Survey Estimates of Abundance for apes 110 8 were given.
No standard errors were applicd. Log transformation used.
There were 2 age disaggregated series used for tuning.

Munth Yo
July RV 7 1977 through 1963
CPUE 5 1977 through 1993

7) The Lower Limit for Estimated Numbers af Age was the CATCH
Upper Limit for Estimated Numbers at age was 10000000

8) The Lower Limit for RV survey slope was 0
The Upper Limit for RV survey slepe was 9000

Several other formulations were tested; RV alone, CPUE alone, RV with juv., CPUE
with juv., and RV & CPUE. Comparison of the results suggested that the model including
RV, CPUE, and juvenile surveys gave the best diagnostics.

Population numbers, biomass, and F at age are shown in Table 10(a,b,c).

An analysis using the Laurec-Shepherd technique was also conducted, excluding the
0-groupsurvey from the tuning process. Resuiting fishing mortality and population numbers
are shown in Table 11. The results of the two analyses closely correspond, particularly since
1983 (Figure 6). In 1993 the Laurec-Shepherd technique gave a slightly higher fishing
mortality over ages 3-5, at 0.414 vs 0.323 for ADAPT,

A retrospective analysis on ages 3-3 (the most important fully or almost fully recruited
ages) was performed using the results of the ADAPT formulation (Figure 5). As a
progressively shorter time series of data was introduced as input to the model, F was

consistently underestimated, by 40-60%. This retrospective pattern has been noted in other

Northwest Atlantic groundfish stocks; however the underlying cause remains obscure. Given
the historical pattern, it is reasonable to assume that the 1993 fishing mortality produced by
ADAPT is also underestimated.

Recruiting Yearclass Sizes

The 1993 yearclass will make a significant contribution to the catch in 1995 at age 2.
Based on the 0-group survey, it appears this year class is of average strength. The 1992 yearclass
will also be critical at age 3 and it’s estimation in the SPA is based only on a single occurrence
in the catch matrix. While it was decided to accept the estimates of the 1991 and eartier

yearclasses as given by the SPA, the strength of the 1992 year class was inferred from July
survey data.

Yearclass estimates from the survey were repgressed against estimates from the SPA for
the 1982-91 yearclasses at age 1, using the model SPA = a + b(logRV). (Figure 7). Data for
yearclasses prior to 198 | were excluded because the surveys in 1977-81 were conducted by the
A.T. Cameron, which had alower catch efficiency for silver hake than vessels used in subsequent
years. The logarithmic curve fitted the data well (R*=0.72), including that for the 1985 yearclass.
Prediction from this relationship for the strength of the 1992 yearclass was 1.2 billion fish, Tt
is recognized that there is an element of circularity in this calculation, as the survey age 1
estimates contributed to the SPA calibration, However, the RV index was one of several data
clements contribuling to the SPA estimates.

Catch Projections

An FU 1 value of 0.70 (yield per recruit =90.059 kg) was calculated using a Thompson-Bell

model, takmg pdrt:al recruitment and weights at age as the average of those observed for the

five most recent years in the fishery (1989-93). These same mean weights-at-age and PR at age
were used for projection as foliows:
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Age Avg wit (kg) PR
1 0.062 0.02
2 0.133 0.30
3 0.182 073
4 0211 100
5 0254 0.96
6 0.308 0.89
7 0.399 0.47
8 0.431 034
9 0.n7 0.08

Two projections were made. For the first population numbers at age at the beginning of
1993 were taken from the SPA (Table 10a) except that the 1992 yearclass was set at 1.2 billion,
from the regression in Figure 7, and the 1993 year class was set at the geometric mean of 1.1
billion based on the 0-group survey. ‘

Due to delays in the allocation process, the silver hake fishery did not start until the last
week of April in 1994. Given this late start and a reduced level of participation anticipated in
1994, the catch is predicted to be at most 20,0001, Projection of stock and catch trends through
1995 utilizing these data gave the results in Table 12a.

A second projection was run inan ad-hoc attempt to provide correction for the retrospective
pattern. Based on Figure 5, F appears to be underestimated by at least 40% in retrospect, and
the population numbers from the SPA were therefore reduced by this amount for the projection.
These results are presented in Table 12b.

Based on the actual numbers from the SPA, a catch of 20,000t in 1994 will result in an
estimated fully recruited fishing mortality of F=0.18. Fishing at F,, in 1995 is estimated to
equate to a catch of 77,000t

Using "cormrected’ populations numbers from SPA reduced by 40%, the fully recruited F
for 1994 is 0.30, with an F,,, catch estimated at 59,000t in 1995,
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_Table 1. Nominal catches for 4VWX silver hake 1970-1993 (1990-1993 preliminary).

Country
Bulgariz
Canada
Cuba
Frince
FRG
GDR
Ireland
Italy
Japan
Poland
Portugal
Romania
Spsn
UsA

USSR
Total

Country
Bulgaria
Canada
Cuba
France
FRG
GDR
Ireland
Italy

‘ Japan
Poland
Portugat
Romania
Spain
USA

USSR

Total

"1 Obsefver Program Data (data not reported to NAFQO)

! FLASH data

1970
Y

0

0
0
168916
169045

1982

38

11969

2]

37
937

31?

47261

60251

1971

15

128633

128657

1983

649

378

27377

35839

1972
0

0
201

i

0

113774

1140438

1984

530

1714

57423

74266

1973
U

0

1

298533
298621

1985

120

1338

56337

75480

1974

G

11

95371

95745

1986
0

9
16041

0

82688

1975
1722
101
1724
0

106

108
0

54

112566
116394

1987
0

13
20219

0

0
0

41329

61705

1976

308y

26

12572

97

106

81216

97184

1988

74374

1977

862

10

33

295

33301

37095

1989

337

14541

72917

87989

1978

006

26

3436

106

161

44062

48404

1990

88

55981

70289

1979

4639

45076

51760

1991

58

17786

49311

67899

1980
817
104

2287

0

239

56

40

40982

44525

16528

0

0
0

14716

31795

1981

0

642

41243

44600

1993

0

73!
22018

0

0

7139

29230



Year
1977
1978
1979

1980

1981
1982
1983
1984
1985
1986

1087

1988
1989
1990
1991
1992

1993
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Table 2. Sampling used in this assessment.

| No. Lengths
34379
137468
101908
247369
195493
160878
134226
203314
216912
197654
377527
309767
300100
447587
556765
336562

. 350440

No. Ages
600
674
1108
1462
987
1152
986
1255
1163
1311
681
1158

1135
1817
1712
1721
1563



Table 3: Male and female Alpha and Beta's used in the construction of the silver hake catch
at age used in this assessment. Lengths (cm) and weights (kg) used were from the

Canadian July Research Vessel Survey of the Scotian Shelf (4VWX).

Year Male - Alpha | Female - Alpha | Male - Beta | Female - Beta
1977 0.000006260 0.000006930 3.0626 3.0350
1978 0.000004630 0.000003070 3.1366 3.2531
1979 0.000010200 0.000005880 2.9001 3.0675
1980 0.000002330 0.000001800 3.3417 3.3989
1981 0.000006830 0.000005080 3.0206 3.1172
1982 0.000011600 0.000006740 2.8575 3.0232
1983 0.000006480 0.000003320 2.9935 3.2034
1984 0.000018300 0.000006490 2.7052 3.0284
1985 0.000013500 0.000004530 2.7848 3.1235.
1986 0.000007970 0.000003820 29384 3.1685
1987 0.000009990 0.000004240 2.8798 3.1456
1988 0.000014300 0.000004800 2.7942 3.1241
1989 0.000006750 0.000004440 3.0114 3.1416
1990 0.000034320 0.000021000 2.5234 2.6958
1991 0.000006040 0.600004265 29582 .3.2036
1992 0.000004025 0.000003447 3.1750 3.2241
1993 0.000004429 0.000003089 3.1082 3.2202




Table 4: Commercial catch numbers at age for 4vwx silver hake.

Ape 1077 | 1078 | 1079 10R0T] TORE [ 1082|1983 | 10R4 JORS
1| 17911 | 20040 | 20560 | 16588 | 2358 | 20189 | 5849 | 59588 14970
2 | 72520 | 70302 | 57893 | 70696 | 25214 | 52976 | 96852 | 45828 |- 130814
3 50862 | 80196 | 72801 | 70391 | 100035 | 75876 | 56158 | 206900 | 98346 |
4 | 15070 | 35025 | 36669 | 32032 | 37573 | 68400 | 29282 | 82911 | 128365
5 2218 | 12709 | 22380 | 14465 | -11928 | 31752 | 11388 | 19344 | 34110
6 725 5227 | 9970 | 5184 | 3234 | 5945 3395 4268 | 9327
7 97| 1906 | 3168 | 1431} 1201 | 2042 819 1038 | 2344
8 91| 1168 495 451 290 465 253 183 226
9 4 338 374 98 141 64 88 10 85

Age | 1985 | 1987| 1988 | 1989 | 1990 | 1991| 1992 | 1993
1 45598 | 6804 | S110| 24264 | 6516 | 5738 | 9074 | 33319
2 70269 | 214235 | 62791 | 85846 | 209620 | 117305 | 76663 | 77413
3 | 229126 | 114417 | 265307 | 158745 | 142862 | 201243 | 72896 | 71982
4 84097 | 54211 | 39242 | 145105 | 41215 | 46414 | 27020 |- 32769
5 | 28635 | 13063 | 21303 | 20025 | 11741.| 12154 | 3467 | 5531
6 8760 | 6045 | 3106 9369 { 1648 | 3954 1102 743
7 1436 347 | 2133 | 1569 640 290 186 111
8 497 156 208 | 1166 107 181 33 43
9 39 40 4

111

117

143

50
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Table 5:  Sitver hake commercial mean weights at age.
| Age | 1o77] oms| aomo| om0 omi| oz 1oms| ome| 1oes
1 0.065| 0.074 | 0076 | 0.0401 0.061 | 0.066 | 0.067 0.070 | 0.068
2 0.183 | 0.153| 0.178| 0.151| 0.168| 0.169| 0128 | 0.146| 0.136
3 0264 | 0229] 0227] 0223 | 0215] 0231 0.196| 0.181}| 0.177
4 0340 | 0266 0274 0287 0276 02751 0.239] 0224| 0.210
5 0.446 | 0335 0304 | 03417 0326 03171 0289 0272 0.244
6 0.632 ) 0405] 0389 | 0391 | 0401 | 0394 ] 0365} 0353 0.295
7 08386 04381 0455| 0531 0553 | 0446 | 0395 0405 0410
8 0922 0540 0838 | 0839 0923 0513} 0457 0624 0582
9 2120 | 0892 0838 | 0859 | 1137 0506 0444 0650 0.669
| Age | 1085 os7| uoss| roso] oo o[ 1o92] 1993
1 0053 ] 0045 0045] 0060} 0.063 | 0047 0.080| 0.060
2 0.145] 0119 0139 0.135) 0.139| 0.139| 0.140| 0.110
3 0.184 | 0.168 | 0.185] 0,195 0.184 | 0.189{ 0.190| 0.150
4 0250 | 0211 0227} 0224 0217 0215 0210] 0.190
5 0250 0248 | 0260 | 0278 0.240 | 0.263 - 0260} 0.230
6 0274 0286 0292 0349 0315| 0314 | 0.280| 0280
7 0392 0453 | 0401 0403 | 0370 0471} 0370 0.380
8 0.514 | 0422 0497 0511| 0401| 0511| 0410 0320
9 0.644 | 0518 | 0688 | 0820} 0545 0.5'68- 0.690 | 0.960 |




Tablé 6: CPUE standardization results for the 4VWX silver hake population.
' Includes years 1977-1993.

Key Type 1: Country
Type 2: Area
Type 3: Month
Type 4: Year
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Table 7: Scotian Shelf silver hake Canadian July research vessel survey catch numbers
('000) at age.

Age | 1977 1978 1979| 1980 1981 | 1982| 1983 | 1984| 1985

1 7737 | 26740 | 89437 | 17730 | 32839 | 192025 | 114273 | 188970 | 102726
2 27660 | 23257 | 152705 | 55638 | 84724 | 293420 | 108957 | 70369 | 172576
3 21421 16266 [ 67003 | 97253 | 131420 | 80348 [ 38209 { 208723 | 34402
4 4592 8874 | 20048 | 45862 | 60469 | 60487 | 19340 37926 | 71191
5 1348 6733 | 11522 | 10684 | 16241 | 32426 | 10632 | 11828 | 21488
6 1278 3046 5055 4525 5127 8257 2882 7942 9445
7 984 1286 2664 2001 2367 3549 876 2860 2667
8 336 - 302 969 589 794 2535 401 1136 1175
9 283 865 275 385 564 327 337 5221 215

1+ 65639 | 87569 | 349678 | 234667 | 334545 | 673374 | 295907 | 530276 | 415885

F'""_T’“"""""“”"""‘“________‘"_"'T"“”"""""
Age 1986 1987 1988 1989 1990 1991 1992 1993

1| 552598 | 146007 | 69740 | 172095 | 117080 | 66678 | 45284 | 166402
2 84325 | 266663 | 89508 | 63810 [ 125952 | 84743 | 56347 | 91306
3 70625 | 46095 | 81458 | 24151 42329 | 35203 | 46180 | 74838
4 22623 | 18982 | 16700 | 13405 | 13022 | 13257 | 11097 | 25736
5 13448 | 6048 | 14240 ] 4130] 4173| e577) 4477|3206
6 4235 | 4168 | 2502 1868 | 1169| 2456 | 2237| 805
7 1622 1199] 2338 | 79l az2| 402 | 424|524
8 63| 612 ae8| 282 27| 43| 139 08
9 36| 471)] 121|129 2| 24| 192 38

1+ 750525 | 490305 | 277093 | 280639 | 304475 | 209904 168890! 363061
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Table 9: Cutput from ADAPT run for 4VWX silver hake using the Juvenile Index,
RV and CPUE-at-Age. (Log Model for ages 1-8 with a dome = .1}

'RUN A2: SILVER HAKE RV+CPUE (new)+JUV INDEX (1993 DATA)

4VWX Silver Hake DATED: 1994 6 7 TIME: 9 45
RSS Trajectory by Iteration 4VWX Silver Hake 1994 6 7 9 45 25 7BO
1550+ . .
]
.n
‘n
|
R 1200+
E L] °
g ]
I |
D ] °
u 850+
A = °
L u °
| ]
g - P
S 500+ @
. L
. a
. -]
»
1504 a6 & a
fH——mm - LR Fommmm Fom e +
1 5 9 13 17
ITERATION NUMBER
CALIBRATION COEFFICIENTS BY AGE FOR 4VWX Silver Hake 1994 6 7 9 45 25 780
AGE 1 : 1I = 0.00001 & POP -
AGE 2 I = 0.00002 2 POP
AGE 3 I = 0.00003 & POP
AGE 4 T = 0.00004 & POP
AGE 5 1= 0.00005 & POP . -
AGE & I = 0.00005 & POP
AGE 7 I= 0.60005 & POP
AGE 8 I-= 0.00003 & POP |

MEAN SQUARE RESIDUALS : 0.6442962179
MEAN RESIDUAL : 4.591290523g78
SUM OF ALL RESIDUALS : 0.00001299335221
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RUN A2: SILVER HAKE RV+CPUE(new)+JUV INDEX (1993 DATA)

4VWX Silver Hake

19 -

ESTIMATED PARAMETERS AND STANDARD ERRORS
’ Analytical Summary

ORTHOGONALITY QFFSET

MEAN SQUARE RESIDUALS

PAR. EST.
2551233,
534541,
363361.
157027.
.341966

20528

3631,
1578.

610.
.000010
.000021
.000028
.000035
.000046
.000054
.000048
.000032
.000001
.000007
.000021
.000027
.000026
.000022
.000011
.000006
.000121

OO DOoOOOo OO0 OO0OO0o o

432389
141250
350569
848055

457130
731440
722025

1481754,
190133,
875654
49348,
7875,
1458.

662,

242.
.000002
.000004
.000006
.000007
. 0000098
000011
.000010
.000006
.000000
.000001
.000004
.000005
.000005
.000004
.000002
000001
.000030

104787

COOOOODOO0C00O0O0O0OO0O0

571453
905607

171020
621794
268918
985229
080825

DATED: 1994 6 7 TIME: 9 45

0.001611
-0.644296

T-STATISTIC

BNV OA QA WMED RN R WL

.050
.043
.044
.064
.067

DO OOO0OO0OCOO0OOoO0OO o OO0 000OdD
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Table 11: Output from Laurec-Shepherd run for 4VWX silver hake: July RV a
CPUE used for tuning.

iﬁwx silver hake - L-5 run with CPUE & RV surveys

CPUE data frem file f:\assess%4\tun.dat

Disaggregated Qs
Log transformation

The final F ig the (reciprocal varlance-weighted)
No trend in Q (mean used)

Terminal Fe estimated using Laurec-Shepherd

Tuning converged after

9 iterations

mean of the raised fleet P’s,

Total of the absolute F residuals for all ages in the

last year, between iterations

Regression weights
, 1.000,

Oldest age F =

Fishing mortalities

Age, 1977, 1578,
1, .031, .04,
.2, 222, .204,
3, .295, .s522,

4, .226, .356,

5, .045, .382,

6, .035, .175,

7, .004, 152,

N 8, .002, .08,
9, .001, .013,

1.000,

1.000,

1979,

026,
.153,
-426,
.627,
.520,
.772,
.189,
.066,
.34,

Log catchability residuals

1579,

.27,
-.30,
-.37,
~.22,
~.28,

.41,
-.15,
-.35,

1979,
W11,
.74,
.43,
.14,

-.28,
.06,

-.60,

Fleet std. CPUE gage

Age , 1977, 1978,
1. .01, .43,
2, .51, -.14,
3, -,29, -.29,
4, -.80, -.91,
5, -2.29, -.7%,
6, -2,23, -1.20,
7. -3.68, -.49,

, 8, -3.24, ~.44,

Fleet : C&n July R/V

Age , 1977, 1978,
1, -1.99, -.82,
2, -.83, -1.0s,
3, -.87, -.87,
4, -1.47, -1.20,
5, -2.57, -.B&,
6, -1.78, -1.29,
T, -2.45, -1.04,
¢ , -2.91,

~1.70,

-.21,

8 and 9 = .000

1.000, 1.0060, 1.000,

.100*average of 3 yocunger ages.

1980, 1981, 1982,
.029, .003, 01§,
.141, .068, .117,
.355, .425, .378,
.428, .413, 677,
L7177, .353, 1.004,
L2771, .435, .377,
.292,  .114, .711,
.04%, 189, .073,
.020, 022, .039,
1980, 1981, 1982,
.1%, -1.83, .35,
-.58, -1.15, -.01,
-.75,  -.42, .06,
-.80, -.69, .41,
-.1s, -.72, .94,
-.83, -.21, .25,
.09, -~.70, 1.73,
-.92, .10, .31,
1980, 1981, 19832,
-1.17, -.77, .43,
-.55, .17, 1.21,
.66, .70, .45,
.72, .80, .70,
.40, .30, 1.0s,
-.45, .62, .35,
.35, -.25, 1.45,
-.99,

.63,

.91,

1.000,

1983,

.009,
122,
.217,
.306,
.279,
L3131,
-100,
.216,
.022,

1983,

1.400, 1.000, 1.000,
1584, 1985, 1986,
L0585, .025, ,031,
L106,  .204,  .192,
.524, .438, .88,
.746, .989, 1.154,
.433, 1.117, .83z,
.199, .482, 1.509,
.198, .199, .1&0,
L0368, .074, .073,
014, .026, .058,
1984, 1985, 1986,
1.28, .29, .81,
-.44, -.05, .28,

.06, -.38, .69,
.18, .20, .74,
-.24, .45, .54,
-.72, -.07, 1.43,
.1z, -.13, .G3,
-.74, ~-.27, .10,
1984, 1485, 1986,
57, .54, 1.33,
-.17, .33, .17,
.73, -.50, .05,
.13, .61, .04,
~.29, 68, .10,
.00, .30, .68,
.64, ~.24, -.47,
.33, .88, -.48,

1.000, 1.000, 1.000,
1987, 1988, 1989,
.¢10, .o008, 027,
247, .155, 230,
705, L7133, L9656,
672, .741, 1.735,
714, .818, 1.873,
.533,  .466, 1.663,
244, .464, .590,
.02%, .284, .865]1,
-027,  .040, .097,
1987, 1988, 1989,
-.08, -.73, .57,

73, -.15, .36,
.69, .28, .70,
.40, .08, 1.05,
.59, .31, 1.15,
.60, L05,  1.44,
.66, .88, 1.25,
-.63, 1.25, 2.20,
1987, 1988, 1989,
.82, .13, .65,
.46, .13, -.12,
.11, -.15, -.58,
-.24, .06, -.62,
-.07, 43, -,03,
-.01, .0z, -.11,
1.07, .57, .00,
-.26, 1.3%, -,01,

1.000,

1930,

.010,
.423,

T .%88,

.968,
864,
.788,
.588,
.087,
L0489,

i994,
.61,
.27,
.14,
.0z,
-.14,
41,
L34,
T.15,

nd

1.00a¢, 1.000, 1.000
1951, 1992, 1%33
.008, .010, .015
+316, L1756, 141

1.323, .4206, .310

1.620, .822, 431

1.244, .626, .500

1.152, .420, .330
.384, .170, .082
.426,  .084, .066
.065, .022, .016
1991, 1992, 1993

-1.08, -.26, .23

.23, .20, .11
.57, =,01, -.20
.54, .42, -.11
.40, .28, 17
.62, .18, 06
.37, .12, -.55
1.33, .25, .06
1991, 1992, 1%93
-.05, -.65, -.27
.16, -.41, -.15
-. 09, .05, .24
.44, .12, .13
.64, .82, -.18
66, .83, -.03
.61, L0, W30
© .75, .80, ~-.0%



SUMMARY STATISTICS FOR AGE 1

Fleat , Pred. , SE(q),Partial,Raised, SLOPE . SE . INTRCPT, SE
. . q . , F , F . R Slope , , Intrcpt
1 . ~4.69 . .808, .0091 , .012Q, -~ .406E-0D1, .J8BE-01, -4.6%5, .191
2 , -2.31 , .871, .488% , .0198, .. 711E-01, .392E-01, -2.314, .205
Fbar SIGMA(int.) .SIGMA{ext.) S1GMA{overall) Variance ratlo
.015 .583 .250 593 .178

SUMMARY STATISTICS FOR AGE 2

Fleet , Pred. , SE(q},Partial,Raised, SLOPE s SE , INTRCPT, _SE
R q . , P ., F ' . Slope , Intrept
i, -2.33 , .481, .0988 , .1270, .400E-01, .216E-01, -2.335, .113
2 , -1.64 , 573, .1%938 , .1643, L201E-01, .280E-01, -1.e641, .135
Fbar SIGMA (int,) SIGMA{ext.} SIGMA (overall) Variance ratic
.141 .368 .127 .368 .118

SUMMARY STATISTICS FOR AGE 3
Fleet , Pred. . SE{q),Partial,Raised, SLOPE , SE . INTRCPT, SE
. q . f F , F P . Slope , ,Intrecpt
1, -1.24 , .493, .2884 , .3783, .546E-01, L200E-01, -1.243, .116
2 , -1.37 , .53s, .2%35 , 2437, .8438-02, .266E-01, -1.372, 127
Fbar S1GMA{int.) SIGMA (ext.) SIGMA(overall} Variance ratio
.310 .363 .219 .363 .364

SUMMARY STATISTICS FOR AGE 4

Fleet , Pred. , S5E(q),Partial,Raised. SLOPE . 'SE ,INTRCPT, SE
R q R R F , F . . Slope , . . Intrcpt
i, -1.01 , .605, .3660 , .4801, .792E-01, .220E-01, -1.005, .143
2 , -1.21 , .654, .2983 , .3799, .316E-012, .314E-01, -1.210, .154
Fbar SIGMA{int.) SIGMA(ext.) SIGMA{overall) Variance ratio
L4311 .444 .117 444 L0E9

SUMMARY STATISTICS FOR AGE 5

Fleet , Pred. , S5E(q},Partial,Raised, SLOPE R SE , INTRCPT, SE
B q B . F , F . ‘ Slope , y Intrept
1, -1.13 , .Bl9%, .3215 , .4214, .995E-01, .316E-01, ~1.135, .193
2 , -1.04 , .B2B, ,3551 , .5959, .719E-01, .367E-01, -1.035, .185
‘Fbar SIGMA (int.) SIGMA{ext .} SIGMA (overall) Variance ratic
.500 .582 173 . 582 .089

’ SUMMARY STATISTICS FOR AGE 6 ,
Fleet , Pred. , SE(q},Partial,Raised, SLOPE f SE INTRCPT, SE

N q N . F , F . , Slope , , Intrept
1, -1.43 ,  .923, ,2391°, .311s, .109E+00, L363E-01, -1.431, .218
2 , -1.00 , .704, .3696 , .3411, .B35E-01, - .276E-01, -.%95, L1686
Fbar SIGMA(int.) SIGMA ({ext.) SIGMA (overall) Variance ratio

.330 .560 V436E-01 .560 006

SUMMARY STATISTICS FOR AGE 7

Fleet , Pred. , SElg),Partial,Raised. SLOPE . SE , INTRCPT, SE
N q . . F , F B R Slope , , Intrept
1, ~2.28 , 1.18%, .1028B , .1426, .107E+00, .523E-01, -2.275, .280
2, -1.24 , .882, .28B4 , .0611, .900E-01, .371E-01, -1.243, .208
Fbar SIGMA(int.) SIGMA{ext.} SIGMA({overall) Variance ratic
.083 .708 .405 .708 .328

SUMMARY STATISTICS FOR AGE B

Fleet , Pred. , SE{q),Partial,Raised, SLOPE ) SE ,INTRCPT', SE
. q . , F . F oL , Slope ., ,Intrcpt
1, -3.13 , 1.22¢, .0437 , .0626, .131E+00, .504E-01, -3.131, .288
2 , -1.84 , 1.108, .15%2 , .08639, .117E+00, .45%E-01, -1.838, .261
Fbar SIGMA{int.) SIGMA{ext.) SIGMA (overall) Variance ratio

066 .820 .545E-01 .820 .004



Table 12a: 4VWX silver hake projections..
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Table 12b: 4VWX silver hake projections.
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Figure 2: Mean weight at age for 4vwX silver hake, 1977-1993.
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Std CPUE

Figure 3:

1977 1679 1961 1983 1985 1987 1989 1804 1993

year

Comparison of standardized catch rates from the previous assessment
(Showell et al., 1993) and the simplified model. '
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Figure 5:

Figure 6:

avg F (ages 3,4,5)

‘avg. F (ages 3,4,5)

a5

1891 1693

Retrospective analysis of mean fishing mortality from ADAPT for
4VWX silver hake. F's are an unweighted average over ages 3-5.

-

2

" ADAPT

15 - ¢ Laurec-Shepherd

L

1977 1979 1901 1882 1985 1887 1860

_year

Comparison of fishing mortalities estimated from Laurec-Shepherd

and ADAPT, for 4VWX silver hake. F's are an unweighted average
over ages 3-5.
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RV VS SPA

2000000

1800000 4

1600000 4

1400000

1200000

! ~
1600000 - p

PA

48 4.8 5.0 5.2

LRV

Listwise Deletion of Missing Data
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from SPA; 1982-91.
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Equation Number 1 Dependent Variable. . SPA
Block Number ‘1. Method: GStepwise Criteria PIN ,0500 PpOUT .1000
Variable(s) Entered on Step Number 1.. LRV
Multiple R .85144 Analysis of Variance
R Square . 72455 DF Sum of Sguaras Maan Squar
Adjusted R Sguare .63439 Regression 1 1021933874081.82600 1021933874081.5
Standard Error 207560.86107 Residual 9 387733599417.28280 43081511046.364
F = 23.72094 - 3ignif F = 5009

------------------ “Yariables in the Egquarion ---------w-oouoo—n
Variable B SE B - Beta T Sig T

CLRY o 7 109630401024 225215.7561  .351438 © 4.870 L0009

" (Constant) -~4513876.147 1151609.351 -3.925 .0035

Figure 7: Regression of 1ln RV age 1 survey number against age 1 numbers
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