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3 Introduction
The Scotian Shelif siiver hake fishery began in 1962. The [leets fishing
silver hake on the Scotfan Shelf have beer, and continue to be, primarily
non-Canadian. The Soviet Union was the first nation to fish for silver
hake on the Scotlan Shelf. If has been involved in ihe fishery since 1962,
and continues to dominate the catch. Historically, the major fishing
nations were the Soviet Union and Cuba with couniries such as Portugal,
Japan, and Spain catching various amounts. During the iast 3 years, the
Soviet Unjon and Cuba have been the main countries involved in this
fishery.

The siiver hake fishery has been geographically restricted since 1977, It
was once conducted over the entire shelf with April to August being the
time of the major fishery. Since 1977 the fishery ceontinues 10 be
restricted to Seaward of the Small Meshed Gear Line (SMGL) (Figure 1).
Further, Canada has estabiished regulations which limit the codend mesh
size to greater than B0 mm, the amount of by-catch in the fishery and the
amouni of fishing effort for each country. By-catches of cod, poilock,
haddock, and redfish, among other species caught in this fishery, are
monitored by Canada at the following levels: 7% for haddock, 1% for cod in
'NAFQ Subarea 4X and 107 elsewhere, and all other species at 10 #. From
1977-1985, the ilshing season has been from April 15 to November 15 each
year. The season is now scheduled from April 1 to November 15 of each
year.

The vessels used in this fishery are large Tonnage Class (TC) 7 vessels
(greater than 2000 gross regisztered tons) usually belween 80 and 100 meiers
in length.. The gear most often used is a large bottom trawl with an
average wing spread of 29 meters and an average head rope heighl of &
meters. Using these nets, vessels have been observed to catch as much as
60 tons of siiver hake in one day with one tow having as much as 25 tons of
s5ilver hake.

Commercial Fishery Data
Catch

Catches are highest during the period April to July of each year and come
primarily from the NAFO Subarea 4W. The historical catches for this fishery
have ranged from 300,000 tons in 1973 to 34,000 tons in 1983. There was a
steady decrease in silver hake catches from 1973 to {981 (Figure 2, Table 1).
Nominal catches from 1977 untii 1983 have fluctuated beitween 33 and 60
thousand tons. Siarting in 1984 the catlch was above 70 thousend tons. Below
la;;sreported catches ("000 i) and the Total Allowable Catch {TAC ‘000 t) since
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YEAR 1977 1978 1979 1980 1981 1982 1983 1984 }985 1986 1987

TAC 70 80 70 50 80 80 80 100 100 100 100
CATCH 37 48 51 45 43 60 w74 77t g2

! Reported to Canada as of February, 1987

Official NAFO catch siatistics for 1984 were published late in 1986. Revised
catches tor 1985 were aiso available from NAFG during 1986. These updated
catches and the catches used in the 1986 assessment documenti are presented in
Table 2. Overali catch tolals mre sirpilar to those used in the last
assessment. Only certain monthly catches have changed from those used
previously.

The low level of catches since 1976 1s due in part to the amount of silver
hake Canada allocates to other nations. A more informative method of viewing
the post-1976 catches is to evaluate catch success against the amount of
silver hake allocated. Percentages of their total allocations caught by
nan-Canadian fleets have ranged from 647 tc 30%Z. The highest years are 1982,
i984, 1985, and 1986 (Table 3).

In 1984, 1985, and 1986 the USSR started fishing tn May rather than early
Aprii. The USSR commenced {ishing their 1987 allocations during the last week
of May. This delay in fishing is reflected in the decreased catches during
the months of April and May for those years (Table 2). Despite the late start
for the Soviet fleetl from 1984 {o 1986 they siill caught their aliocations, as
did the Cuban fleet {Figure 3). Consistent with recent fisherles for silver
hake, the 1986 {{shery remslned sirong untl! August with most of the
allocations being taken (Table 2). Monthly catches in 1986 were highest in
June when 42,000 tons or 50% of the catch was taken. Catches in April to June
accounted for 80% of the total yearly landings.

Monthiy cetch and efiort

Historical catches from this fishery indicate that the major fishing season
was during the months of April untii September (Table 2} with peak catches
from May to July. This pattern cantinues to the present.

Reported (1970-1985) and observed (1986) catch rates (t/hr) for.the USSR
and Cuba from Aprli untii September are given in Table 4.

Catch rate stendardization

A multiplicative model {Gavaris, 1980} was run on 1970 to 1986 monthly catch
and effort data for TC 6-7 OTB2 vessels from the USSR and TC 7 OTB-2 vessels
from Cuba (Waldron et ai., 1986). The mode! was used to adjust for the
effects of the change in fishing regimes after Canada declared its 200 mile
zone in 1977 and to estimate a consistent catch rate series.

The monthiy catch and effort data for 1986 are from the IOP while 1970 to
1985 are from NAFO. A regression analysis to compare monthly catch rates
for the USSR from NAFO and the Canadian IOP was highiy significant with a
correlation of 0.96, a slope of | and intercept of 0 (Waldron and Parnell,
i986). On this basis the IOP catch rates have been used for the most
recent year when USSR and Cuban catch and effort are not yet availabie from
NAFQ,

Catch and effort from 1970 to 1976 were classified as the "oid" fishing
regime when vesseis were generally unrestricted in the area and season of
fishing. Catch and effort after 1979 are classified as the "new”, more
restricted, fishing regime. The catch and effort from the 1977-1979
silver hake fishery is partitioned between the old regime and the new
regime. During this time, Canada permitted 4 vessels from each of the two
major silver hake fisheries, Cuba and USSR, to fish iandward of the SMGL.
Only certain vessels were licensed for this experiment. These vessels were
directed by the Fleet Commanders to fish either {0 the landward or seaward
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Therefore, those vessels which were part of the experiment were classified
as the old fishing regime. As these vessels were required to carry
Observers they provide an excellent method of studying the transition
between the old and new fishing regimes.

The rewression results (Table 5.) indicate thet there is a significant effect
due to country in the model and in fact the Cuban catch rates are on average
.75 of the USSR {exp(~.291)). There is also a oignificant effect of month duc
to better catch raies in April, the only month with a signiflicant

caefficient. The month effect was not significant in a simiiar analysis last
year (Waldron et. al, 1986) when only the USSR data were used. The fact that
‘April is the only significant month corresponds with the fact that the Cubans
begin fishing earlfer in the year than the USSR must years, There were no
significant effects due io NAFO division, data source (NAFO or I0P) or fishing
regime which was similar to Waidron et al (1986},

Catch rates for 1986 and 1982 are the highest in the series {Table 5, Figure
4). Since 1982 catch rates have been highly variable from year to year but at
generally high levels. While there is no apparent trend over this time period
the high catch rates would normally indicate a higher population biomass 'than
in the period prior to 1982.

Commercial Sampling Intensity

Sampling for length and age comwnercial catches in (986 was by the IOP
(Table 7). The IQP observed 43% or 36,000t of the 83,000 t caught. More

. than 250,000 lengths and 1,900 otoliths were taken from the catch.
Coverage levels for 1986 and previous years were above the NAFO standard.
Samplies were pooled for the months September to November.

Otoliths were aged using the ICNAF standards {Anon., 1977) by Mr. J. Hunt
of. the Canadian Department of Fisheries and Oceans, St. Andrews Laboratory,
St. Andrews, New Brunswick.

Catch at age

The catch-at-age matrix used in this assessment is presenied in Table 8.
The matrix was calcuiated in the following manner. For 19856, jength
frequencies of silver hake collected during the smail-meshed {ishery were
aggregated io produce a single monthly lengih frequency for each country.
These monthly length frequencies were weighted to the 1986 monthly catch
(Table 2) using a monthly weight-length relationships [wt-aLb]. The monthly
weight-length relationships were based on individual silver hake lengths
and weights measured at sea during the 1986 small-meshed silver hake
fishery. For each month the weighted length frequencies were multiplied by
age-length keys to produce catch numhbers at age. These monthiy vectors were
summed to give finai catch numbers at age for the year.

The catch numbers a8t age for 1970 to 1979 were prepared by Ciay and

., Beanlands (1980). Catch at age for 1972-1979 were constructed from
age-length keys collected during Canadian July groundfish surveys and
silver hake length frequencies reported to ICNAF. The length frequencies
were adjusted to catch using welght-lengih reiationships from the Canadian
July groundfish surveys. These weighted length frequencies were applied to
the Canadfan age-length keys io give yearly caich numbers at age. The
calch numbers at age for 1970 and 1971 were calcuiated as above but used an
aggregated age-length key from the Canadian July groundfish surveys from
1972 to 1976. Catch numbers at age for 1977 to 1979 used length
frequencies coliected aboard the sinall-meshed fleets by the IOP and
weight-iength relationships from the Canadian July groundfish surveys.

Catch numbers al age far 1980 to 1985 {Waldron and Fanning, 1986a) used
length frequencies and weight-length relationships collected on board the
small-meshed fleets by the IOP. As in previous years, these were weighted
.to catch and used to construct the final catch numbers at age. Research
vesse| weights at length were not used as weights collected by the IOP were
- more represeniative of the weights at length during the fishery.
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The 1986 fishery was composed of two large yeal classes, the 1983 and
1985. The catich numbers at age mairix (Table 8) and percent catch numbers
at age (Table 9) indicales that the 1983 year class, which was observed in
the last assessment to be the largest since the 1975 year class ren@ins the
dominant year class in the 1986 fishery. The 1982 and 1984 year classes
continue to appear weak compaied to other year classes. The 1980 and 1981
year classes in 1986 are average.

Mean welight at age

Monithly mean weights at'age were weighted by monthly catch (Table 10).
Waldron and Fanning (1986a) rnoted that fish age 4 and 5 in 1985 were below
weights caiculated for the 1382 fishery. This trend has continued in the
1986 fishery (Figure 5). Age 2 fish continue to show an increase in mean
welight at sge.

The catch biomass at age is given in Table Il. As suggested in last year's
assessment, the 1986 fishery was strongly supporied by the 1983 year

class. The catch from the 1985 year class at age | was larger than the
catch from the large 1983 year class at age 1.

There {s mood agreement beiween the catch biomass and the reported catch
per year as shown beiow. The diiference between reported and calculated
catch in 1986 (i.7%) could be the result of discrepencies beiween the catch
reporied {o Canada end availabie NAFO statistics. As more data becomes
avallable these estimates will be adjusted by recalculating the catch at
age for 1986.

Year 1977 1978 1979 198C 198l 1982 1983 1984 1985 1986

A W R W e W W T

Research Vessel Indices

Aduit Sur‘veys

The July stratified random groundfish survey is a major index of adult
abundance. From 1970 to 1986 there have been three vesseis used to conduct
this survey. Analysis of comparative fishing experimenis between pairs of
vessels (Fanning, 1985) indicated that a conversion factor for the series
prior to 1982 of 2.3 was requited {o adjust for the effect of the vessel
and gear changes in the time series. By converting the historical catches
the current data can be added {o the series unchanged.

The estimated numbers and biomass at age from the July survey are given in
Tables 12 and 13. The tota! numbers and blomass are piotted in Figure 6.
The percent at age by numbers and biomass are given in Tables 14 and 15.

In terms of either nuwnbers at age or biomass at age the 1985 year class is
the largest seen in the survey to date. It constitutes 747 of the total
numbers and 497 of the total biomass in the survey estimates. The 1983
year class at age 3 is well above average and the 1981 year class was the
larggst in the series at each of sges 2 and 3 and is above average at age
5. The 1982 and 1984 year classes continue to appear weak with 1984 being
the smaliest at age 2 since the 1978 year class.

A stratified random groundfish survey was conduciled in March from 1979 to
1985 and no new data is availabie beyond what was presented in Waldron and
Fanning (1986a). The estimated total numbers in the March surveys were:

Year 1979 1980 1981 1982 1983 1984 1985

Numbers 381463 192500 335821 998784 964176 960484 379573
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Juvenile Surveys’

A joint USsR/Canada juvenile siiver hake survey has been conducted from

1978 to the present. The gear used from 1578 to 1980 was a groundfish

traw! which was replaced in 1981 with the International Young Gadoid

Pelagic Trawl (IYGFT). Since 1981 the survey has been conducted on a

12-bour night-time oniy basis. The survey index based on the core stiala
(60-78) (Koelier et al., 1934) from 1978 to 1985 was recalculated in 1986
(Koeiler et al, 1986) and the same method was used for the 1986 survey,

The resuiting juvenile abundance series is presented beiow, The survey in
1986 was hampered by operational problems and minimal sampling was possible
outside tHe core strata {Figure 7).

Years 1978 1979 1980 1981 1882 1983 1984 1985 1986

Stratified 2 42
Siratified = 2357 56.3 26.6 579.0 8.8 232.2 43.4 204.8 231.9

Only the estimates from 1981 to 1986, using the IGYPT gear, will be usSed as
a series for juveniie silver hake abundance. This series indicates that
the 1981, 1983, 1985, and 1986 year classes are large relative to the 1982
and 1984 year classes. This observation agrees well with that seen in the
Canadian July groundfish surveys and the commercial catch. The low values
of the 1982 and 1984 year classes relative to other year classes since 13981
are also seen in the commercial fishery and research vessel data sets.
Based upon the observed consistency hetween this recruitment index and
subsequent performance of individual year classes, the 1987 and 1988
fishery will have 2 sirong year classes similar to the 1983 year class

Stock Assessment

The last time an SPA was accepted by the NAFO Scientific Councii was 1383.
Since that time the calibration of the SPA using commercial catch rates was
not accepted because of suspected biases caused by the iniroduction of the
SMGL. In June 1986 the Scientific Council (NAFO Sci. Coun. Rep. 198G, p&0)
reviewed and acceptled a catch rate series which had been standardized using
a muliiplicative mode! regression. The same technique was used in this
agsessment io.calibrate .an SPA with the caich rate series.

Estimation Of parameters

Natura] mortality - As in previous years a natural moriality of 0.4 on all
ages was assumed.

F at the oidest ages - This was determined using the APL function AUTOF
(Rivard, 1982} to iterate the F's on ages 3+.

Partial recruitment - The partial recruitment of ages 1 and 2 was
calculated from the ratio of F on ages 1 and 2 to average F on ages 3 and
4, This PR was input back Into an SPA and the procedure repeated until
there was no further change in the PR. The resulting input partial
recruiiment in the finai year was:

Age 1 2 3-9
1.0

artial
ecruitment 0.080 0.580 .

The FR used to calcuilate explcitable biomass was based on annual PR vectors

which were also calculated as the ratio of F on ages 1 and 2 to average F on
the fuliy recruited ages (3-9). The PR's of ages 3-9 were set to 1.0 as were
PR for any years where the ratios of F's for ages | or 2 were greater than 1.

Terminal F - The standardized caich rate series based on the USSR and Cuban
caich and effort given above was used for calibration purposes. It was
considered however that the 1982 value was not represeniative of biomass
ievels in that year because it far exceeded the catch rates in the 2
adjacent years. The accuracy of the data from 1970 to 1976 was
guestionable, particularly 1973 (299,q00 tons caught), however there was no
means to assess this. It was recognised that no SPA tuning was going to
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produce a relationshlip in which 1982 and the pre-1977 data weie cutipatible
with each other. As a result three calibration datasets from 1970 to 1986
were chosen: 1. exclude 1982 ii. exclude 1970 to 197G iii. exclude 1970
to 1976 and 1982. Relationships of standardized CPLE witih SPA [ishatle
bicmass and alsc RV age 4+ numbers with SPA age 4+ nunibers were exmnined.

The results of calibration of 4VWX silver hake with commercial calch rates are
in Table 14 and research vessel surveys are in Tablé 15. The research vessel
calibrations have non-significant slopes for all levels of terminal F and all
combinations of excluded years. The R criterion was for selecting a

terminal F was not used since the recent years were all at the high end of the
CPLE range. The intercept was closest to 0 at F,=0.25 and this was chosen

#s the best estimate from these data. The tuning plot for Fi=0.25 of

fishable biomass and standardized CPUE with 1982 excluded from the regression

is given in Figure 8. The resulting F matrix and numbers at age are given in
Table 16.

Yield per recruit

The Thompson and Bell yield per recruit was calculatled using the most recent
partial recruitment, natural mortality of 0.4 and mean weighis al age from the
commercial fishery from 1977 to 1986. The F,, level is 0.474 and the

yield per recruit would be 0.063 kg. at that ievel of F. These are unchanged
from the previous assessment (Waldron and Fanning, 1986b).

Conclusions

Year Class Strengths

The 1986 fishery was supporied strongly by the 1983 year class. This is
consistent wiih the indications of this year class in the juvenile survey and
the July aduli survey,

The 1988 fishery will be supported by 2 strong year classes, 1985 and 1986,
which both appear to be as strong as the 1983 year ciass. The 1983 year
class will be essentially gone by 1988. The indications are that the 1988
fishery wiil be very good although. this deperids t0 a great deal on the
juvenile survey estimate of the strength of the 1986 year class. The
sirength of the 1985 year ciass was indicated by the juvenile 'survey, the
July survey and the 1986 catch at age 1. The catch of the 1985 year class
in 1986 was the largest at age in any year since 1973 (1972 year class)
when the total catch was almost 300,000 tonnes.

The 4VWX silver hake stock blomsss in the 1980°'s has been above the aversge
levels seen in the §970's. The current TAC of 100,000 tons, established in
1983, was based upon recruitment indices which suggested that the 1983
year-class would be much higher than those seen since 1978.

Projections

The input parameters for the catch projections are given beiow.

Age Population in Mean weight Partial
1987 (000's) kg, Recruitment
1 2,926,686 0.067 0.08
2 1,593,140 0.i% 0.58
3 354,663 0.199 1.00
4 489,281 0.239 1.00
5 195,717 0.275 1.00
6 83,710 0.331 1.00
7 29,830 0:425 1.00
8 6,111 0.562 1.00
9 2,471 0.678 1.00

The population vector at age for 1986 was generated fiom the SPA at F,=0.25
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except for the recruitimment al gge L. The 1080 uwrbey al age | in the SPA was
aimost double the fargest recruitment seen previcusly [197] year class}.

Since the juvenile surveys have indicated that the 1983, 1985 and [956 yedl
classes are similar in size as O-group it was assumed fo projection purposes
that the :985 and 1986 yesr classes were in fact equal to the 1983 year class
at age 1. The high juvenile survey estimate for ilw 138] year class and lhe
low estimate for the 1982 year class were nol consisient with year ¢ lows sizes
calculated from the SPA. The July survey estimates of these and the 1983 and
1984 year classes were more consistent with SPA rumbers however and the
juvenile estimates from the 1981 end 1982 vear classes were discounted.
Recruitment in 1988 was assumed to be equal to the geometric mear of the
recrui tment from 1970 to 1384 (1.4 billien). The mean weighls at age were
averaged over 13984-1986. The partial recruitment vector was the same one used
In the current assessment.

Projections to estimate the Fy, catch in 1988 using the above input
parameters were run under three different scenarios, firstly, the Fp,
catch is taken in 1987, secondly, the TAC is taken in 1987 and thirdiy, the
1887 catch equal to the 1386 catch. The results are given below.

1987 Catch Catch F Fp, Catch
scenaria in 1987 in_ 1987 in 19BE
Foi 43,928 0.474 147,542
TAC 160, 000 0.31 161,561

Equal 1386 83,000 0.252 167,014
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Teble 3. Nominal catch and allocations (1) (in parenthesis) for 4VWX s!lver hake. 1986 Preliminary.

Country 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986
Bulgaria 862 606 4639 817 0 0 0 0 0 0
(950)  (1000)  (6860)  (1200) (1000}  (1000)
Canada 10 2% 13 104 6 38 15 10 0 9
(15190)  (16700) (10000) (20000) (200000 (13000)  (1000) (1000}  (1000)  (1000)
Cdn. Reserve (11808) (13000)  (8100) . (4600)
Cba 1847 3436 1798 2287 642 11969 7418 14496 17683 16153
(8910) (10300)  (8070) (11200)  (9500) (13500)  (9500) (152000 (15200) (17700)
EEC - 0 0 0 0 0 0 0 0 0 0
(100) -
France® 15 0 0, 0 0 2! 0 0 0 0
(100> (100> (1000 (100> (10007 (100) (100D (100}
FRG . . 684 0 0 0 0 0 0 0 0 0
GOR 0 3! 0 0 0 0 0 93 0 0
(20003 (100)
PR 1 2
I+aly 38 106 5 0 541 37 2 0 0 0
Japan 19 161 219 239 120 937 649 530 120 72
: : (2000)  (5000) {10000)° (10000)  (10000)
Poland 295 2 0 0 1! 31 0 0 0 0
Portugal 0 0 0 56 2044 2Y 318 1ma , 1338 0
(2000) (3000}  (4000)% (4000)
Romenia 10 0 1 0 0 0 0 0 0 0
Spain - 0 2 0 40 0 0 0 0 0 0
(4000) (5000)
USA 14 0 0 0 3 2 0 0 0o 1
)
USSR 33301 44062 45076 40982  A1243 47261 27377 57423 56337 665N
(44950) (520000 (44040) (56600) (48400) (48400) (43400} (56600) (56600)  (66600)
Others 0 0 9 0 0 0 0 0 0 0
(30) (9007  (1000) (192)
Total Catch 37095 48404 51760 44525 44600 60251 35839 74266 75478 62806
and TAC (70000) (80000} (70000) (90000) (B0000) (80000) (80000) (100000) (100000) (100000}
Sum of Catch Divided by TAC (%)
53 61 74 50 54 75 45 74 75 83
Sum of Catch Divided by Sum of Allocation (discounted Can. Alloc. + reserve) (%)
68 76 86 64 72 90 . 53 86 83 87

!

2 Cbserved by Canadian Cbservers but not reported to NAFO

Reported to Canada (FLASH System)
France, St. Plerre, and Miquelon vessels only

4 EEC allocatlons
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Table 5. Regression results from catch rate standardization for
4VWX silver hake using USSR and Cuban data.

REGRISSION OF HULTIPLICATIVE MODEL

MULTIPLE R............. .658
MULTIPLE R SQUARED..... .433

ANALYSIS OF vaRiANCE

SOURCE OF BUMS OF MEAN

WRIATION D SOUARES 5QUARRS P-WALUT
INTERCEPT 1 6.65100001  6.B5120001

RECRESS! 0N 22 1.39800001  6.3338001 5
™ 1 o 0.0 68
ot 3 3 1Immo  .udervor 2,789

1.214K000f 7,391 001 X

v 4 o 0.0 6726
™ s 0 0.0
™ & 1 8.570K7001  8.578K°00% 7.600

RESIDUALS 162 1.82820001 1.12927004
TOTAL 183  1.00820002

REGREESION CORFFICIENTS

CATESORY CODX VARIABLE COXFFICIENT Bﬁ. ERROR NO. 0BS.

I ——— ———— ——— ——

1 1 INTERCEPT 0.859 0.09% 165
2 s
3 70
4 4%
s 1
6 1 o ons n
4 ' 0.178 0.
Honth ¢ 2 ~0.056 0,079 29
7 3 0,050 0.078 38
& ‘ 0,088 0.083 29
9 s -0.159 0.110 14
Year M 6 -0.928 0.154 ?
7 7 -0.226 0.146 8
73 9 0.048 0.136 10
7 9 0.328 0.213 3
5 10 0,445 0.146 8
26 11 -0.076 0.136 10
2] 12 0,184 0.118 17
78 12 0.389 0.108 26
79 14 -0.324 0.113 2
80 15 0. 646 0.141 9
81 16 0,460 0. 141 9
82 17 0.520 0.161 7
83 10 .47 0.157 8
84 19 0.267 0.1% 8
05 20 0.149 0.1%6 8
85 2 0.445 0.146 10
2 2 0.2 0.106 20

Country
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Table 6. Standardized mean catch rate series for 4VWX silver
hake from 1970 to 1986.

PREDICTED CATCH RATE

STANDARDS USED VARIABLE NUMBXRS! i 4 450 1 1
TOTAL CATCH RATE
YRRR CATCH PROP. HEQN 8.k EFFORT

19720 169045 0.903 2.833 0.298 39211
191 128633 0.334 2.049 0.260 62782
1972 114048 0.879 2.2 0.29 30216
1973 299530 0.894 2.9% 0.3%9 100162
1974 93745 0. 240 2.026 0.406 47266
1973 1163% 0.743 £.022 0.243 63869
1976 9784 0.424 2.641 0.32 36793
1977 37093 0.703 2.375 0. 243 15616
1978 48404 0.879 1.937 0.172 24985
1979 91760 0.827 2.066 0. 204 25059
1990 44523 0.920 1.492 0.1 29847
1981 44600 0.833 1.797 0.231 24815
1982 60231 0.937 4.714 0.713 12622
1983 33839 0.921 2.39% 0.340 14961
1984 74266 0.967 3.786 0.5% 19618
1983 79478 0. 984 3.293° 0.479 22907
1986 82806 0.426 4.307 0.3583 19224

AVERACE C.V. FOR THE MEAN: .130
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Table 13. Estimatec ot silver hake Glomaes (toued
1973 1974 1975 1974 1977 1973 1979 15980 i9g8L .
9152 3783 2520 2807 3926 1312 9292 AL 1185
32852 24259 5117 146122 12310 2658 22809 3115 12328
3775 o418 1272 3405 11428 2803 14297 L1465 25971
3629 1067 769 3087 4773 1971 4810 2314 14287
3975 1409 759 700 4204 1899 3300 1370 5301
2733 2089 398 887 2458 239 1918 1145 1936
1053 497 341 299 1730 4590 1259 784 1941
1166 474 499 295 1049 228 504 526 473
141 0 &2 249 232 723 i18 330 36
54475 41398 11477 29050 41710 12975 G54311 146358 43818
49323 37613 9158 26243 38184 116463 49019 L5732 62633
16472 11354 4040 10121 25874 9006 24209 12636 S0304
12697 5736 2769 6514 13444 6201 11912 6471 24334
90548 44669 2059 J430 9673 4230 7102 4157 10047

- 18 -

1982

107490
76749
52828
34552
13813

trog duiy research survess,

1963 1784
6362 26921
14317 15085
B135 62308
4617 13454
2901 4187
1096 IB&b
3l 2087
265 1048
292 4B4
3IB117  12944)
JL75%  10272¢
17638 875635
9482 25328
4865 11872

Table 14 Calibration results for 4VWX silver hake standardized catch rates
tincluding Cuba) and SPA exploitable biomass calculated with annual

PR vectors.

15020

Years Excluded

1982_(n=16) 1970-76_{n=10) 1970-76,_82_{(n=3)
Ft = 0,03
intercept -B02, 204 -339,912 (n.s.} -8&6, 087
Slope 459,560 271,800 (n.s.) 508,677
R2 0.69 0.34 0.79
RMSE4 350,882 488,451 322,465
Ft = 0.15
intercept -135, 261 -30,694 -195,652
Slope 136,907 80,379 (n.s.) 154,627
R2 0.71 0.32 0.8t
RMSE4 31,504 460,019 20,351
Ft = 0.20
Intercept -58,273 (n.s.) 620 (h.s.) -121,242 (n.s.)
Slope 98,053 57,582 (n.s.) 112,242
RrR2 0.62 0.31 0.81
RMSE4 682,798 104,206 62,539
Ft = 0.23 )
Intercept =-1,934 (n.s.) 30,956 (n.s.) -61,725 (n.s)
Slope 72,370 42,109 (n.s.) 83,825
R2 0.50 0.30 0.81
RMSE4 46,469 77,847 43, 160
. F% = 0,35
Intercept 994241 (n.s.} 57,398 (n.s.) -4,291 (n.s.)
Slope 44,694 25,697 (n.s.} 53,463
R2 0.28 0.27 0.81
RMSE4 34,656 49,803 27,223
Ft = Q.43
Intercept 87,032 (n.s.) 72,109 (n.s.? 27,643 (n,s.)
Slope 29,307 (n,s.) 16,569 (n.s.) 36,582
R2 0.13 0,22 0.77
RMGE4 33,326 35,242 13,075
Ft = 0.55
Intercept 107,261 (n.s.) B1,478 47,972
Slope 19,517 (n.s.}) 10,760 (n.s8.) 23,841
R2 0.06 0.17 0.71
RMSE4 34,878 27,074 15,851

26969
16307
13298
4991
4645
1787
708
572
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Table 15, Calibration vesults for 4VWX 511ver hake S5PA mid-year 4+ numbers and
RV survey 4+ numbers.

__________________lEB:_?_Ln_li.).“_H_w,__lQZQ_Zé_Ln_l&’i________léZQ-Zé _B2_in-33

Ft = 0.05
Intercept 306,707 51,824 43,930
Slope 0.023 (n.s.) 0,010 (n.s.) 0.015 (n.s.)
R2 0.19 0.04 0.11
RMSE4 36,361 31,973 33,305

Ft = 0.15
Intercept 24,776 (n.s.) 48,889 38,803 (n.s.)
Slope 0.077 (h.s.) 0.037 (n.s.? 0.0536 (n.s.)
R2 0.18 .0.09 0.13
RMSE4 35,956 31,689 32,979

Ft = 0.20
Intercept 23,581 (n.s,)} 47,805 36,785 (n.s.)
Slope 0.099 (n.s.} 0.052 (h.s.) 0,081 (h.s.?
R2 0.16 0.04 0.14
RMSE4 35,722 31,464 32,691

Ft = 0.25
Intercept 19,142 (n.s.) 44,126 (nh.s,) 30,714 {(n.s.?
Slope 0.133 (n,s.) 0.077 (n.s.) 0.122 (n.s.)
RZ 0.16 ’ 0.905 0.15
RMSE4 11,182 31,292 32,442

Ft = 0.35
Intercept 16,913 (n.s.) 37,447 (n.s.) 17,449 (n.s.)
Slope 0.167 (h.s.) 0.138 (n.s.) G.234  (n,s.2
Rr2 0.12 0.05 0.18
RMSE4 33,673 30,562 31,468

Ft = 0.45
Intercept 20,378 (n.s.) 28,394 (n.s.) -3,384 (n,s.)
Slope 0.152 (n.s.) 0.222 (n.s.) 0.421 (n.s.)
R2 0,06 0.0&6 0.22
RMSE4 37,504 23,519 29,567

Ft = 0,35 .
Intercept 27,967 (n.s.) 20,16% (n.s.) ~31,241 (n.s.)
Slope 0.100 (n.s.) 0.307 (n.s.) 0.674 (n.s.}
R2 0.02 .05 ‘ 0.25

RMSE4 39,665 28,447 26,333
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Flgure 2. Catches and TAC for VWX sliver hake.
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Figure 3. TAC, allocations and catches for AVWX slivar hake.
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Figure 4. Standardized catch rates for AVWX sllver hake.
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Figure 5. Mean welght at age In the catch of

4VWYX sliver hake from 1970 1o 1986
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Figure 6. July RV survey estimates of
numbers and blomass of 4VWX sllver hake.
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Figure 8. Calibration plot of SPA fishable biomass with

standardlized catch rate. 1982 was excluded from the
regression.
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