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7 SOUTHERN HORSE ~IACKEREL(DIVISIONS VIllc ANri IXa)
. ,

7.1 The Fishery in 1996

Total catches from Division~ vriIe ami IXa wen: estiIriated by the Working Group to be 44,690 t in 1996 wh1ch
represenis adecrease of 15% compared with the 1995 catches. The catch by countI)" lind gear is shoWn in Table
7.1.1. The PortUguese catches showa decrease of 21% and the Spanish catches indicate adecrease in a 12%.
compared with the 1995 catches hi 1996 the fall isdue 10 the lower catches obtained by the Portuguese trawlers
and bythe Spanish pUrse seiners. The proportion of thecatches by gear presents the same. pattern than in 1995.
being the purse seiner catches the most importaDt ones in the Spanish area (65% of the catches) whereas in the
Portuguese waters the trawler's catches are the majorit}-. representing the 57% of the Portuguese total catch. In
1996 the artisarial Portuguese catches increased to the double ofthe 1995 catches.

In this area the catches of horse mackerel are relatlveiy uniform over the year (Borges er ai. 1995; Villamor et al.
1996). Although the second and third quarters show relatively higher catches than the flrst and fouith (see Table
7.1.2).

lCES offlcially reported catches are reciuested for "horse mackereI" whose, designation includes aIi the species of
the genus, Trachurus in the area, not only Trachurus trachurus L. which is the speciesat present under
assessment by this Working Group. The reported catch. therefore always has to be revised by the Working Group
in order to eliminate species ofhorse mackerel other than Trachürus trachurus (see Section 1.5).

7.2 Effort and Catch per Unit Effort

Fiiure 7.2.i shows the evolution of the commercial effort series from the Spanish trawl fleets flshing in Sub­
division VIIIe West (La Coruiia) and in Sub-division Ville East (Aviles) from 1984 to 1996. A signiflcanl
decrease. compared With the 1995 effort levels. of 14% and 26% respectively was observed, bdng in the caSe of
the Aviles trawl fleet the lowest level reached in the series.

Tabie 7.2.1 presents th~commercial catch rates from the trawl fleet flshing in Sub-divisions IXa Central North.
IXa Central South and South (Portugal) from 1979 to 1990 and trawl fleets from Spain flshing in Sub-division
VIIIc West (La Corima) arid in Sub-division VIIIc BaSt (Aviles) from 198310 1996. Iri 1996 the cateh rates of
the Spanish trawl fleet operating in Sub-division Villc ,West were 11 % higher than the catch rate obiained in
1995. The Aviles trawl fleet operating in Sub-division V1l1e :BaSt (Cantabrian Seal presents an increase of 27%.
Horse mackereI trawl catch rates from the Portuguese trawl fleet flshing in Division IXli are not available sirice
1991, because the effort data series is under revision.

Table 7.2.2 indicates the catch rates from research vessei surveys in Kg per tow. for comparison with the total
biomass trend. The .biomass index from the, Portuguese October, survey was showD. to be 23% higher than
observed in 1995. The 1993 biomass index of that series was confmned to iridicate ari extremely high vahie as
compared with the rest of the senes.,Tbe Spanish October survey.has been,showing an,upward biomaSs trend
since 1992 and iIicreaSed 22% in 1996 as compared With the 1995. Tbe Portuguese arid Spanish areas were
covered at the same time of the year which was September/October in the Spanish northern Sub-divisions and .
October/November in the Porttiguese southern Sub-diVisions.

catch per unit eft"ort at age

CPUEat age from the Galician <La Coruiia) bottom trawl fleet (Sub-division VIIIc West) and from the
Cantabrian (Aviles) trawl fleet flshing in Sub-division VIIIe Bast are available from 1984 to 1996. In the
Galician trawl fleet an increase in the catch rates of the older ages was observed in 1996. Tbe extremely strong
1982 year dass is still very proIDirient iri the data for both fleets at age group 14 (Table 7.2.3). In 1996. the 1986
and 1987 year classes were confumed as bdng strong ones, giving high indices of abundance in both fleetS.

7.3 Fishery Independent Information

7.3.1 Trawlsurveys

Table 7.3.1 shows the nWnber at age from the Spanish arid Portuguese bottom trawl in the October surveys arid
. from the Portuguese July surVey. The two October sUrveys covered Sub~divisionsVIIIc EaSt. VIIIe West, lXa
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North (Spain) from 20-500 in depth and, Sub-divisions IXa Central North, Central South aiid South, in PoIttig3.I,
from 20-750 ni depth. Tbe same sampling methodology was used in 1:>oth surveys but there were differences in
the gear design,as described in lCES (199I1G:13). Tbe PortUgUeseOctober and July survey indices arid the
Spanish September/October survey indices are estimated by strata for the range of distribution of horse Inackerel
in the area, which has been consistently sampled over the years. This corresponds to the 20-500 in straia
boundaries. It was. demonstrated thatthe horse mackereloff the PortUguese shelf are stratified. by ,lenith
according to the depth and spawning time (ICES 1993/Assess:19). This explains the special characteristics ofthe
composition of the catches, the lower availability of fish after frrst mahiring which creates a peculiar selection
pattern.

The Spanish September/October survey series is available from 1985 to 1996 and the Portuguese October suivey,
from 1981-1996. Both are carried out during fourth quarter when the recruits have entered the area. In the
Portuguese October survey the recruitment (age 0) observed in 1996 was high and it is comparable to the high
level observed earlier in 1993 in the Portuguese area. In the Spanish area the October survey indicated the
recruitment index at age 0 of a similar low level as the 1995 index. In the Spanish October survey in 1996 the
strong 1986 and 1987 year classes were still abundant, an increase in the yields on the intermediate ages (3, 4 and
5) was evident (Table 7.3.1). In the Portuguese July survey there is a strong fall in the 1995 abundance index
observed in all the ages compared with those obtained in 1994 despite using the same vessel, sampling and gear
methodology was used. Tbc 1982 year class is conspicuous in all the su.rvey senes but is stronger in the October
Spanish bottom trawl survey.

7.3.2 Egg surveys

This was the first series of surveys carried out in the southem area for the Annual Egg Production Method (ICES
19961H:2). Tbe estimate of 1995 SSB for the southem horse mackerel from those surveys was 261,000 tonnes.

7.4 Catch in Numbers at Age

The cateh in numbers at age for 1996 are presented by quarter and area, disaggregated by Suo-division vmc
East, VIIIc West and IXa North (Table 7.4.1). In Sub-divisions IXa Central North, IXa Central South and IXa
South only the catch in numbers from trawl catches were available disaggregated by Sub-division. Tbe i>lirse
seine and artisanal catches were not sampled 1:>y Sub-division in the Portuguese area, so the catch in numbers
from all gears and quarterS is only available for the total Portuguese area, as it is shown in Table 7.4.1. Table
7.4.4 and Figure 7.4.1 present the catch in niunbers by year. Tbe 1982 year class is weil represented in the cateh
in numbers at age matrix. Tbe 1986 and 1987 year classes are strong but do not reach the extreme high level of
the 1982 year class. Tbe 1991 and 1992 year claSses are shoWn as strong in the catches as 2, 3 and 4 age-gi-öups.

r

, ,

Catch in numbers at age have been obtained by applying a quarterly ALK to each of the catch length distribution
estimated from the sampIes of each Sub-division. Tbe sampling intensity is discussed in Section 1.3. Tbe data
before 1985 have not yet been revised according to the approved ageing methodology. So, they have been
considered inappropriate for a VPA and have not been included in the analytical assessment.

7.5 l\Iean Length at Age and l\Iean Weight at Age •
Tables 7.5.1 and 7.5.2 show the 1996 mean lengths and mean weights at age in the catch by quarter and Sub­
division for the Spanish data and by quarter and total area for the Portuguese data. Table 7.5.3 presents the
weight at age in the stock and in the catch. Tbe data before 1985 have not yet been revised according to the
approved ageing methodology and should, therefore be considered only correct for ages 0 and I, ages in which
both methods were in agreement.

7.6 l\Iaturity at Age .

Tbe proportions of fish matUre at each age have been considered to be constant over the assessment period. Tbe
maturity ogive has been smoothed as ACFM requested in 1992.

12
1.0
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7.7 Stock Assessment

Fishing mortaIitY coefficients were estimated uSing Extended SurVivors Atlalysis (XSA): in accoidance With last
year's assessment, the XSA parameters were set at caichability independent of age for ages equal or greater than
9 yearS old, arid the plus group at 12.

The, strength of shrink3ge has a significant effect on the standard. errors of the log catchability (lCES
1995/Assess:2). Stronger shrinlalge (lower CVs) increases the standard errors feir all fleets. To coinpare the
independent inforIDation provided by the different fleets XSA were run separately for each of the fleets, Without
shrinkage.

The extemal information usect in the tuning were:

Eket I: Cateh per unit 0/effort 0/the trawl fleet from JA Coruiia {Vll/e lfest- North Galicia) .
Fleet 2: Cateh per imit 0/effort o/the trawlfleetfromAviles (VI//e EaSt- Cimiabrian Sea)
Fleet 3: Porruguese Oetober Trawl Survey dunng the Reeruilinent season (DiviSion IXa )
Fleet 4: Portuguese July Trawl Suney end 0/spawning season in DMsion IXa '"
Fleet 5: Spanish Oetober trawl Survey during the reeruitment season (SUbdil'isiOn IXa NoTth a1ul DMsion

V///e)

The slopes of the linear regressions betWeen log- catchability and log- population were analysed: Fleet I,
presented anegative slope at ageO, With low Rsq.we, as did Fleet 2, at age 1 With a slightly higher R$quare.These
daia were plotted and it was decided to not inelude those ages in the tuning, 1:lecause they were not providing any
information. For Fleet 2 it was considered also appropriate to elumnate the age range 0-4 because these ages
presented very high standard errors. The same procedure was used for Fleet 5, age range 0-4, whieh did not
perfoini weIl for young fish.

FigUre 7:7.1 ceiriipares the SSB estimated for 1995 .and i996 by sourceof independent information. For the year
1995 it is also possible to compare the estimations provided by the fleets with the 1995 egg survey SSB.

The low SSB values wereestimäied freiin each of the two October surveys carried out during the recruit1nent
seasein. The high values of SSB correspond to the estimations provided by the Fleet 2 operating in the Caniabrian
Sea during all the year and by the Portuguese July survey.The adults are more abundant in the area durlng the
spav,ning season when the spav.ning aggregations occUr. The 1995 egg sUrvey estimation indicates a value in
agreement with the 1995 SSB estimated by all the fleets. The assessment pefformed and accepied last year
indicates a 1995 SSB elose to the 1995 egg survey SSB and to the present assessment.

Comparison of the 1995 and 1996 assessments (Figtire 7.7.2) from the final VPA of this year's aSsessment
illustrates the resultS of the fishing mOrtalitY estirnates using XSA for all the fleets and ashiinkage of 1.00. It may
be seen that feir the reference F bar (I-lI) the estimate shows elose agreement with last year's assessment. Given
the pattern of exploitation this stock is subjected tei high selection on the younger and older ages and ari;;duced
availability of4-6 years old fish in the catches the estimates at F bar (0-3) and F bar (7-11) were also compared
with last year's assessment showmg goOd agreement.

The F of the younger ages is generaI1y Wider-estimated by the assessinent and F of the older ages over-estimated.
Taking a mean F over all the ages averages the biases.

Figure 7.7.3 mustrates the retrospective SSB estimates performed by the final VPA, and the 1995 egg survey
estimate, which indicate a very goOd agreement among them.

• "" ' • ." . ,_,", .,,', ,i

The tuning diagnostics and final results are given in Tables 7.7.1-7.7.4. Figirre 7.7.4 iridicates the fish stock
summary trends over the period 1985-1996 according to the final aSsessment.

7.8 RecrUitment

The Portuguese bctober suivey serles ""hieh was carrled out at the time ofrecruitffient show in 1996 a deiectable '
relationship between the suivey and cohort strength, but the Spanish October survey did not show any
information on the strength of the 1996 recruitrnent.
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In 1994 the Spanish Oetober survey indieated high reciuitment at age 0 and the Poituguese Oetober Suivey
estimated low recruitment for the 1994 year daSs (Table 7.3.1). In 1995 bath surveys indieated a low level of 0
group abundanee whieh is in agreement With the VPA estimate. The recruitment of Q-group in 1997 waS taken as
the geometrie mean of (1985-1993). VPA estimates whieh corresponds to 1,369 million fish.

7.9 Catch Predictions ;

The terminal population in 1996 from the final VPA was used as input to the catch forecast for age groups 1 and
older. Recruitment at age O. was assumed to be the geometrie mean of the period 1985-1993. The exploitation
pattern was taken as the arithmetie mean of the last three years, without sc31ing to the last year, whieh is assumed
to eorrespond to the most likely exploitation in the short term. Table 7.9.1 gives the input parameters and Tables
7.9.2a-e and Figure 7.9.1 show the results ofthe short term predictions ofthe catch and spawning stock biomass.

At FslalUSquD (F96) the expected catch in weight for.1997 is 52,898 tonnes. In 1998 assuming, the same reeruitment
level, the eatch at FSlalUSquois predicted to be 58,7]5 tonnes. The spawning stock biomass is expected to decrease
from 273 thousand tonnes in 1997 to 264 thousand tonnes in 1998 at F statusquo level and to 247 thousand tonnes if
the agreed TAC of73thousand tonnes is taken in 1997. The spawning stock biomass is eXPeeted to deerease in
1999, at Fstatusquoto 256 tho~sand tonnes.

7.10 Short-Term and Medium-Term Risk Analysis
,

Due to technical problems it was not possible to perfOnD. a risk analysis.

7.11 . Long-Te..m Yiehi'

The ]ong-term yield per reciuit and spawning biomass-per-recruit curves, against F, derived using the input data
in Tab]e 7.9.1 are shown in Figure 7.11.1. Table 7.11.1 presents the yield per recruit summary tab]e. Fo.t is
estimated to be 0.08, and Fmax to be 0.16, at the reference age (1-11).

7.12 Comments on AsSessment

This assessment is eonsistent with last year's assessment. The spawning stock biomass estimated from the 1995
egg surveys is in agreement with the 1995 SSB level estimated using the two Oetober surveys, the Ju]y survey
information and the two eommercial fleets.

. ·i
7.13 Reference Points for Management Pufpose

The biological reference points were estimated and shown in Figure 7.13.1 which gives the plot of the
reeruitment at age 0 versus the spawning stock biomass in the same year, from the final VPA. The estimated FmCd
value is 0.19 and Fhigh eorresponds to 0.32. The present level of Fstatus quo of 0.167 is below the Fme.s level and
elose to Fmax• .

As ean be seen from Figure 7.13.1, the range of SSBs is quite narrow, and no stock-dependent trend in the
recruitment can be inferred from these obserVations. The extremely strong 1982 year cIass has contributed
substantially to the SSB dunng the who]e period 1985-1996. The ]owest biomass attained during the period was
]30,000 tonnes in 1985, which gave rise to a medium recruitment. This situation is similar to the situation ror the
NEA maekerel (see Section 3.4.10), and the same interpretation of the lowest eXPerieneed SSB applies here. If a
similar stock-recruitrnent relation is also assumed, Le. Rindependent of SSB at the geometrie mean of the
historie recruitments above the lowest SSB, and Iinearly decreasing towards 0 below this SSB, the F v31ue
corresponding to the replaeement line through the assumed R and the ]owest SSB would appear as F~. This F­
value. which is 0.27, is weil above F~. Therefore, an exploitation which leads to a lower SSB than the lowest
experieneed eannot be justified on the grounds that it would increase the long term equilibriurn catch.

The risk of reaching an SSB of 130,000 tonnes in a long term equilibrium (modelied as described in Section
3.4.10 ) at Fmax is far below 5%. The precautionary range of Fs is therefore limited by the Fmax and not by an F
representing danger of recruitment failure. The Working Group therefore considers that the fishing mortality
target should not exceed the Fmax• .

'.

•
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7.14 Management Measures and Considerations

The Working Group considers that the TAC should not be applied to Trachurus spp combined but only to
Trachurus trachurus, the Atlantic horse mackerel. The F refert:Dce which was constant over recent years has
shown a decrease in 1994 and 1995. Table 7.14.1 summarizes several management options at: FstalW' qU<» F
corresponding to the official TAC equal to 73 thousand tonnes, F corresponding to TAC 1995 level, and to Fmed
and Fmax•

,

•
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Table 7.1.1 Annual catehes (tonnes) of SOUTHERN HORSE MACKEREL by countries by gear in Divisions VIIIc
and IXa. Data from 1984-1996 are Working Group estimates.

Year Portugal (Division IXa) Spain (Divisions IXa + VIIIc) Total
VIIIc+IXa

Trawl Seine . Artisanal Total Trawl Seine· Hook Gillnet Total

1962 7,231 46,345 3,400 56,976 53,202 110,778

1963 6,593 54,267 3,900 64,760 53,420 118,180

1964 8,983 55,693 4,100 68,776 57,365 126,141

1965 4,033 54,327 4,745 63,105 52,282 115,387

1966 5,582 44,725 7,118 57,425 47,000 104,425

1967 6,726 52,643 7,279 66,648 53,351 119,999

1968 11,427 61,985 7,252 80,664 62,326 142,990

1969 19,839 36,373 6,275 62,487 85,781 148,268

1970 32,475 29,392 7,079 59,946 98,418 158,364

1971 32,309 19,050 6,108 57,467 75,349 132,816

1972 45,452 28,515 7,066 81,033 82,247 163,280

1973 28,354 10,737 6,406 45,497 114,878 160,375 •1974 29,916 14,962 3,227 48,105 78,105 126,210

1975 26,786 10,149 9,486 46,421 85,688 132,109

1976 26,850 16,833 7,805 51,488 89,197 26,291 3761 - 115,864 167,352

1977 26,441 16,847 7,790 51,078 74,469 31,431 3761 - 106,276 157,354

1978 23,411 4,561 4,071 32,043 80,121 14,945 3761 95,442 127,485

1979 19,331 2,906 4,680 26,917 48,518 7,428 3761 56,322 83,239

1980 14,646 4,575 6,003 25,224 36,489 8,948 3761 45,813 71,037

1981 11,917 5,194 6,642 23,733 28,776 19,330 3761 48,482 72,235

1982 12,676 9,906 8,304 30,886 _2 _2 _2 28,450 59,336

1983 16,768 6,442 7,741 30,951 8,511 34,054 797 43,362 74,313

1984 8,603 3,732 4,972 17,307 12,772 15,334 884 28,990 46,297

1985 3,579 2,143 3,698 9,420 16,612 16,555 949 34,109 43,529

1986 _2 _2 _2 28,526 9,464 32,878 481 143 42,967 71,493

1987 11,457 6,744 3,244 21,445 _2 _2 _2 _2 33,193 54,648
~1988 11,621 9,067 4,941 25,629 _2 _2 -2 _2 30,763 56,392

1989 12,517 8,203 4,511 25,231 _2 -2 _2 _2 31,170 56,401

1990 10,060 5,985 3,913 19,958 10,876 17,951 262 158 29,247 49,205

1991 9,437 5,003 3,056 17,497 9,681 18,019 187 127 28,014 45,511

1992 12,189 7,027 3,438 22,654 11,146 16,972 81 103 28,302 50,956

1993· 14,706 4,679 6,363 25,747 14,506 16,897 124 154 31,681 57,428

1994 10,494 5,366 3,201 19,061 10,864 22,382 145 136 33,527 52,588

1995 12,620 2,945 2,133 17,698 11,589 23,125 162 107 34,983 52,681

1996 7,583 2,085 4,385 14,053 10,360 19,917 214 146 30,637 44,690

1Estimated value.
2Not available by gear.

E:\ACFM\WGMHSA98\T-7-1-.DOC 29109197 11:30

182



Table 7.1.2 Southem horse mackerel catches by quarter and area.

, Country/Sub- Spain 8c-E, SC-W, 9a-N Unit:tonnes Total
division

Quarterl 1 2 3 4
Year

1984 28990
1985 34116
1986 42%7
1987 5179 8678 11067 8269 33193
1988 6445 7936 7918 8464 30763
1989 7824 7480 8011 7855 31170
1990 6827 7871 7766 6783 29247
1991 5369 7220 8741 6686 28016
1992 4065 8750 10042 5445 28302
1993 5546 9227 9823 7085 31681
1994 6486 8966 9732 8343 33527
1995 6050 10328 10%9 7636 34983
1996 7188 8045 8211 7193 30637

• Countryl Portugal9a-CN, 9a-CS, 9a-S Unit:tonnes Total
Sub-division

Quarterl 1 2 3 4
Year

1984 4669 6506 3577 2358 17110
1985 1226 3055 2946 2192 9419
1986 4627 8093 7542 8264 28526
1987 3902 5474 6654 3524 19554
1988 3069 7402 7554 7100 25125
1989 4074 9096 8543 3513 25226
1990 3341 5753 5873 4992 19959
1991 3101 5630 5094 3672 17497
1992 2516 5661 7196 7281 22654
1993 5455 6401 8384 5507 25747
1994 4418 5051 6386 3206 19061
1995 3240 4618 6038 3802 17698
1996 2649 3830 4068 3506 14053

~\

E:\ACFM\WGMHSA98\T-7-2.DOC 29/09197 11:31
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Table 7.2.1 SOUTHERN HORSE MACKEREL. CPUE series in commercial fisheries.

Division IXa Division VIIIc (Spain)
Year (portugal)

Trawl Trawl

Sub-div. VIllc East Sub-div. VllIc West
Aviles La Coruiia

kg/h kg/Hp.day. 10-2 kg/Hp.day.1O-2

1979 87.7

1980 69.3

1981 59.1

1982 56.2

1983 98.0 123.46 90.4

1984 55.9 142.94 135.87
•1985 24.4 . 131.22 118.00

1986 41.6 116.90 130.84

1987 71.0 109.02 176.65 •1988 91.1 88.96 146.63

1989 69.5 98.24 172.84

1990 98.9 125.35 146.27

1991 n.a. 106.42 145.09

1992 n.a. 73.70 163.12

1993 n.a. 71.47 200.50
1994 n.a. 137.56 136.75

1995 n.a. 130.44 124.11
1996 n.a. 145.64 156.50

E:IACFMIWGMHSA98IT-7-2-I.DOC 29109/97 11:32
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Table 7.2.2 SOUTHERN HORSE MACKEREL. CPUE indices from research surveys.

Portugal IXa (20-500 m depth)
Spain (2D-500m depth)

Bottom trawl (2D-mm codend)

Year Kglh kglh lun-lu! kglh Oct kg/30 minutes
March Sept-Üct

1979 12.2 5.51

1980 20.6 2.51

1981 11.6 1.8

1982 42.1 36.9

1983 79.1 24.6 37.97

1984 51.98

1985 9.5 3.8 20.93• 1986 4.8 23.5 10.14

1987 6.9

1988 26.0 12.05

1989 14.9 11.7 15.48

1990 14.4 21.5 9.62

1991 11.8 16.9 4.92

1992 17.5 38.0 40.8 20.30

1993 100.24 35.6 235.3 18.11

1994 49.3 12.4 21.61

1995 9.8 18.9 21.99

1996 23.25 26.75

E:\ACFM\WGMHSA98\T-7-2-2.DOC 29109197 11:33
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Table 7.2.3 CPUE at age fram fleets

'The SAS System 18:19 Thursday, September 11 199:HOM-SOTH: Southern horse mackerel (Divisions Vlllc and IXa) ,

FLT01: 8c ~est trawl fleet (La Coruna) (Catch: Hillions)

Fishing Catch, Catch, Catch. Catch, Catch, Catch, Catch, CatCh, Catch, Catch, Catch, Catch, Catch. Catch, Catch. Cat~n.Year effort age 0 age 1. age 2 age 3 age 4 age 5 age 6 age 7 age 8 age 9 age 10 age 11 age 12 age 13 age 14 age 15

1984 32E3 1 356 644 124 38 38 8 87 30 42 5 6 1 6 3 121985 3E4 3 12 134 399 19 42 39 25 27. 43 22 8 3 1 3 271986 27E3 ·3 79 58 118 400 40 31 22 15 15 41 16 6 10 2 331987 23E3 1 33 113 92 143 672 76 61 13 22 20 16 8 2 1 131988 28E3 5 167 258 58 58 51 408 40 29 22 11 11 16 4 2 91989 3E4 23 152 48 115 56 57 38 299 40 103 78 6 2 23 2 161990 3E4 1 84 128 37 71 17 27 39 394 21 27 5 6 6 7 151991 27E3 1 1 41 2 20 39 27 65 49 376 37 17 12 2 9 51992 26E3 0 191 60 10 9 54 99 48 46 51 361 12 6 3 0 81993 3E4 0 34 467 39 51 95 87 210 56 79 16 209 1 0 1 11994 26E3 2 79 270 12 8· 20 92 146 165 34 18 4 45 1 0 11995 28E3 0 7 122 84 37 25 36 64 129 102 33 12 2 47 1 11996 24E3 0 1 29 14 65 89 51 _ 62 41 125 108 36 15 14 59 3·

The SAS System 18:19 Thursday. September 11, 199~HOH-SOTH: Southern horse mackerel (Divisions VIIlc and IXa)

FLT02: 8c East trawl fleet (Aviles) (Catch: Hillions)

Fishing Catch. Catch. Catch. Catch. Catch. Catch. Catch. Catch. Catch. Catch, Catch. Catch. Catch. Catch. Catch,~ch.Year effort age 0 age 1 age 2 age 3 age 4 age 5 age 6 age 7 age 8 age 9 age 10 age 11 age 12 age 13 age 14 age 15
1984 1E4 4 882 759 141 42 39 11 65 18 31 3 4 1 6 3 111985 9856 1 167 613 574 13 18 16 13 17 21 14 4 4 1 4 191986 11E3 36 223 271 174 527 42 19 14 10 8 9 2 1 1 0 21987 8309 1 244 350 166 48 396 40 19 7 9 6 5 3 1 1 41988 9047 181 264 53 23 18 19 148 14 17 22 15 12 22 6 5 271989 8063 65 275 62 105 50 42 18 100 13 38 35 1 1 18 2 151990 8492 1 726 373 257 72 19 21 24 192 10 13 3 4 4 4 91991 76n 39 495 882 41 85 51 10 12 9 67 3 2 1 1 1 11992 13E3 2 35 21 65 34 60 63 20 16 19 114 3 1 1 0 71993 7635 0 215 462 n 44 23 18 42 6 14 2 35 1 0 0 11994 9620 1 47 632 12 6 17 69 118 135 25 14 3 38 1 0 01995 6146 1 182 441 141 70 32 25 39 89 71 31 12 4 37 1 11996 4525 0 225 608 129 230 128 32 24 22 49 32 10 4. 4 17 O.
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'fable 7.3.1 CPUE at age tram surveys
. :

I·

. '. ,The'SAS System, .. 0" .18:19 Thursday, Septence~ 11, 19~
HOM'SOTH: Southern horse mackerel (Divisions VIIIc and IXa)

FLT03: Oct Pt Survey (Catch: NUmber)

•

Year

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

Yeär
.,

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

Fishing
effort

1
1
1
1
1
1
1
1
1
1
1
1

Catch,
age 8

0.000
0.370
0.487
1.834
0.662
3.577
2.331
4.196
0.670
0.850
0.527
0.209

'Catch,
age 0

0.000
706.196
95.243
29.416

377.665
508.494
336~245

.677.806
1733.340

4.217
.. 6.972
1225.000

catch,
age 9

0.000
0~238

0.368
0.878
0.320
2.600
1.951
3.251
0.860
0.534
0.383
0.135

Catch,
ase 1

0.000
123.479
24.377

704.046
93.538

269.582
97.414

500.049
214.230

9.499
9.386
5.750

".
Catch~

age 10

0.000
0.189
0.225
0.298
0.430
1.532
1.006
3.805
0.570
0.234
0.260
0.106

. Catch; .
age 2
..

.0.000
82.500
29.541
54.984
40.406
28.907

.14.704
184.896
328.440
75~879

148.650
6.979

catch,
ase 11

O.OOQ
0.286
0.165
0.030
0.398
0.624
0.405
0.497
1.340
0.189
0.219
0.062

Catch,
age 3

0.000
70.046
12.419
20.207
20.064
16.472
13.411
34.300

111.630
44.908
56.402
16.346

Catch,
age 12

O~OOO

0.181
0.248
0.001
0.162
0.770
0.350
0.702
0.370
0.126
0.227
0.047

,..
Catch,
ase 4

0.000
12.621
9.802

. 13.920
6.196

17.014
14.272
15.932
37.010
19.693
2~.310

19.530

Catch,
age 13

,....
0.000
0.126
0.047
0.001
0.139
0.266
0.238
0.178
0.220
0.089
0.228
0.031

Catch,
age 5

0.000
2.445
5.673
6.472
3.956
9.822
6.571
8.153
2~160
5.142
8.156
8.052

Catch,
age 14

0.006
0.051
0.022
0.001
0.012
0.239
0.220
0.082
0.070
0.053
0.221
0.005

Catch,
ase 6

0.000
0.313
1.163

21.741
3~847

1.794
3.895
6.113
0.950
2.013
3.383
2.129

Catch,
age 15

., ..
0.003
0.115
0.019
0.001
0.004
0.179
0~185

0.086
0.050
0.030
0.215
0.005

Catch,
ase 7

0.000
0.552
0.519
8.294
2.395
1~187
2.275
6.745
0.950
1.022
0.709
0.592

.. The SAS System .. '0 • <0' • 18:19 Thursday, septl!mb~r 1t, 199;
HOM'SOTH: Southern horse mackerel (Divisions VIIIc and IXa)

FLT04: Oct Sp. Survey,bottom trawl survey (Catch: Numbe~)

Year

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

Year

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

Fishing
effort

1
1
1
1
1
1
1
1
1
1
1
1

Catch,
age 8

4.840
4.680
5~662

5.730
7.680

73.350
2.170
5.730
,4~513

11.578
14.481
2~733

Catch,
age 0

182.630
289.420
217.665
145.910
115.000
26.620
48.470
85~470

138.619
937.761
38.308
43.288

Catch,
age 9

5.390
7.200
5.879
6.850

10.470
'3.050
28.900
5.090
4.422
2.473
11~86B

21.892

Catch,
ase 1

84.360
44.600
64.153
14.650
6.540

17.790
15.370
44.810
31.848
64.849

172.564
47.240

Catch,
age 10

3.580
8.540
4.712
4.800·

26.160
4.730
6.420

47.600
3.881
1.530
3.503
7.012

Catch,
ase 2

322.510
12.640
20.035
14.220
1.900
2.730
5.100
0.740
3.447

20.936
12.492
26.844

Catch,
age 11

0.880
. 3.050

4.630
2.600
0.570
0.860
6.520
5.060

22.057
0~911

1.930
1.079

187

Catch,
ase 3 .

467.600
7.000
8.053
9.000

21.300
2.680
0.150
1~050

0.630
1~332

6.941
19.573

Catch;
age 12

0.840
1.310
1.470
7.030
0.410
0.810
2.220
1~620

0.235
4.512
0.340
1.723

Catch,
ase 4

7.090
41.810
18.482
5.130
4.680

15.920
1.440
0.350
2.199 .
1.510
5.806

35.014

Catch,
age 13

0.260
0.800
1.389
1.650
4.770
0.600
1.070
0.600
0.041
0.361
8.609
0.033

Catch,
ase 5

"

6.500
4.920

16.448
8.170

17.500
5.680
1.820
2.080
4.546
2.535
3.845

19.058

Catch;
ase 14

0"

0.770
0.980
4.147
2.410
0.400
0.770
2.780
0.180
0.228
0.194
0.101
3.657

Catch,
ase 6

4.710
5.150

.5.100
54.990
15.620
7.630
0.710
4.470

13.762
4.887
6.311
6.602

Catch, .
ase 15

5.010
3.840
0.001

17.550
5.440
1.670
0.640
3.550
0.256
0.433
0.049
0.078

Catch,
age 7

4.050
11.110
7.979

.5.050'
65.040
6.090
0.640
4.360

17.072
9.632
9.659

11.004
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Table 7.3.1 (cont.) CPUE at age from surveys

The SAS System 09:11 Friday, September 12,'1~
HOM-SOTH: Southern horse mackerel (Divisions VllIc and IXa)

PJS: Jul Pt. Survey, bottom trawl survey (Catch: Number)

Fishing .Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch,Year effort age 0 age 1 age 2 age 3 age 4 age 5 age 6 age 7.
1989 1 81.913 38.356 45.522 60.648 26.998 5.846 3.164 6.6341990 1 82.175 51.605 69.397 26.157 12.393 5.588 3.670 3.5151991 1 17.429 53.094 19.479 3.507 3.906 3.978 2.495 3.1281992 1 109.178 1822.950 39.701 21.081 7.980 5.013 3.427 3.3481993 1 1.810 263.390 263.800 150.040 20.840 39.560 89.150 31.3401994 1 54.981 408.262 232.995 110.935 49.988 34.724 38.438 20.9851995 1 5.410 38.571 16.132 23.071 26.699 12.233 5.577 2.071

Catch, Catch, Catch, Catch, Catch, Catch, Catch, . Catch,
Year age 8 age 9 age 10 age 11 age 12 age 13 age 14 age 15

1989 3.042 3.716 1.440 0.793 0.613 0.214" 0.157 0.244
1990 7.745 3.001 1.363 0.695 0.758 0.445 0.356 0.470
1991 3.566 7.637 3.537 3.574 2.288 2.491 0.508 0.413
1992 3.879 5.616 9.998 3.988 5.m 3.205 1.038 0.481
1993 22.690 9.530 0.520 0.640 0.050 0.020 0.000 0.000
1994 5.725 3.905 . 3.550 3.193 5.485 1.883 1.057 0.867
1995 0.540 0.270 0.223 0.158 0.263 0.115 0.091 0.103

•

.'
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Table 7.4.1 Cateh in numbers ('000) at aga by quarter and by
sub-division of SOUTHERN HORSE MACKEREL in 1996.

1996 Vlllc East VIlIcW... IXoNonh 1XoCN+CS+S All ....,'.Q ,'etO " .. 0 , ... 0 , ... 0 ''''0 ,'.0
""" ......rooo, -('000) ._('000) ."ch('OOO) _h('OOO) _h('OOO1 -('000:

0 0 0 0 0 0
1 s.o1. 1.!4' 284 1.6.7 "86
2 8.228 11.953 3.252 2.746 31.176
3 671 2,34' 2,933 U.5 ",890

• 1,254 1.837 1.... 5.649 10.584
5 901 1.732 63S 2.058 5.326
6 245 584 172 1.037 2,038
7 366 7'7 301 513 l,R27
8 339 70 189 49 1,732
8 81B 1.753 513 621 3,705
10 77lI 1,763 923 500 3,965
11 270 625 336 .00 1.637
12 108 248 115 317 789
13 135 288 l1B 320 861
1. 49S 1.048 587 29 2,427
1S+ 2. 12' B3 267 49S
T.... 17.647 31.889 12,285 22,820 84,7.,

h'...... 1.726 3,693 1.76B 2.649 9.836

VIIIcEut VIlk:WMI lXa NOIth lXaCN+CS+S All .....
2'ndO 2'ndO 2'ndQ 2'ndQ 2'ndO 2'ndO 2'ndO

"oe cot"'('OOO1 cot"'('OOO1 .""'('000) ....hrooo: cotoh('OOO) cotch('OOO) cotoh rooo:
0 0 0 0 0 0
1 228 173 0 287 688
2' 1,201 3,659 37 1,334 6,231
3 2,356 l,SSl 627 3,602 1.136

• 5,442 3,269 B69 4,392 13,972
5 ""'7 2,839 333 1.S34 1,123
6 910 7$1 126 1,236 3.023
7 773 79S 2S6 1,22' 3.048
9 1.000 800 118 1,059 2,977
I 1.885 1.872 437 1.180 5.474
10 1.760 1,829 BS6 BIO 5,2SS
11 604 63' 31. 96! 2,.,8
12 26B 2BS 126 1.186 1,865

'3 27B 28_ 90 601 1,25B,. 1,013 1.017 489 BIO 3,199
15+ 33 34 36 1.112 1,215
T_ 22.268 19.794 4,71' 21,106 67._.... 3.672 3,31' 1,061 3.830 ",874

VlIk:East VlllcWw lXa Nonh lXaCN-oCS+S All ......
3'odO 3'od0 3'odO 3'od0 3'odO 3'odO 3'od0

"00
_rooo

-rooo: o_rooo: o_rooo: _hrooo> _hrooo _rooo
0 0 0 11._ 61' 12,57B
1 717 2 78B 1,285 2,792
2 2,72. 2.395 483 2.B97 B.509
3 3.'" 3,076 645 5,1SS 12,290

• 5.527 4,740 857 6,265 17.381
5 2,778 2,17$ 367 3.27S B,S95
6 ,1,167 8BS 153 2,095 4,_

7 1.685 1,171 187 1,219 4,262
B 461 S25 183 62' 1,793
9 2.651 1.82' S8B 451 5.61'
10 B79 855 531 S4B 2.813
11 225 167 156 4BO 1,028
12 318 312 184 899 1,713
13 B 23 2' 695 7SO
1. 515 45' 292 82' 2,090
,5+ 46 67 133 1.303 1.S4!
T.... 23.115 1e.876 17.545 28,629 88,165.... 3.746 3.263 1.203 ",068 12.2BO

Vllic e_ VIUcWest lXa Nonh IXaCN+CS+S All .....
.... 0 .... 0 .... 0 .... 0 .... 0 .... 0 .... 0

"00 catehroOO catchrooo) ealchrooo) o_roool _hrooo) -~: _hroooJ
0 43 10,685 1._ 6,$05 25,767
1 1,679 B.684 13,382 2,042 25.7B7
2 '.382 3.426 2,725 644 ",ln
3 773 5,S06 1.092 1.470 8.841

• 1,006 6.179 1.533 2,339 11.057
5 602 2,140 71. 1,373 ',829
6 311 465 357 978 2,11.
7 440 658 "0 635 2,141
8 130 326 249 1.1n 1._
I 82' '.111 810 1.423 4,268
10 325 333 572 1,076 2.306
11 59 63 199 B88 1,219

'2 67 29B 243 921 1,529
13 5 72 " 836 1.054

" 164 316 467 908 1.855
15+ 206 299 S46 1,058
Total 10,825 40._ 31,727 23.871 106.889...... 1,291 3,S8B 2.314 3,506 10,699

VUlcEut VI/IeW_ IXaN_ lXa~ "" ......
'''0 '''0 '''0 ,"0 , .. 0 '''0 ,"0

"00 _h('OOO' e"chrOOOl ._roool eatehrooo1 c.,chroool catch('()()()' -('00<>
0 43 10.685 20._ 0 7,119 0 3B,34S
1 5.638 10,100 ".454 0 5.261 0 85,453
2 lB.535 26.433 6.S07 0 7.621 0 57.096
3 7.2'l' 12,'7' 5,297 0 16.172 0 '1.157

• 13.229 '6.025 5.103 0 18.645 0 53.002
5 8,698 B.8B6 2.049 0 8,240 0 27.B73
6 2,641 2.785 BOB 0 6,346 0 11,580

7 3,264 3,36. 1.154 0 3.5" 0 11.378

8 1.930 2,358 739 0 3,357 0 8.384

• '.278 8,660 2.446 • 3,675 0 19,061
10 3.743 4,78. 2,'" • 2.834 0 14.339
11 1.158 1,486 1.005 0 2,653 0 6.302

'2 76' 1,144 668 0 3,323 0 5.B96
13 426 672 273 0 2.552 0 3,823

" 2.187 2.840 1.835 0 2,70. 0 8,571,.. "0 ... 55' • 3.228 • 4.317
T.... 73.855 111.125 66,271 0 ...... 0 347.6n
onn. 10.435 13.855 6.346 0 ''',053 0 ".689
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Table 7.4.2 Catch in numbers by year

The SAS System 16:24 Thursday, Septentler 11: 1~

HOM·SOTH: Southern horse mackerel CDivisions Vlllc and IXa)

CANUH: Catch in Numbers CThousands)

Year Age 0 Age 1 Age 2 Age 3 Age 4 Age5 Age 6 Age 7

1981 53700 315700 136200 58800 20400 47800 34800 23000
1982 104700 122600 115000 77700 27000 22200 28000 28300
1983 182300 1109100 74800 24400 22600 31500 34900 20600
1984 12200 71100 459700 40700 3800 8900 21600 20000
1985 393697 297486 84887 79849 26197 14665 7075 7363
1986 615298 425659 96999 64701 122560 27584 13610 24346
1987 53320 618570 170015 66303 28789 81020 21825 10485
1988 121951 271052 94945 39364 22598 20507 92897 17212
1989 242537 158646 70438 93590 37363 25474 22839 52657
1990 48100 164206 100833 60289 35931 14307 11786 12913
1991 31786 69544 71451 24222 33833 28678 13952 14578
1992 45629 285197 107761 51971 21596 23308 24973 14167
1993 10719 101326 262637 95182 35647 23159 22311 35258
1994 9435 113345 264744 93214 23624 11374 18612 22740
1995 3512 161142 124731 93349 47507 15997 11235 13608
1996 38345 35453 57096 41157 53002 27873 11580 11378

Year Age 8 Age 9 Age 10 Age 11 Age 12 Age 13 Age 14 Age 15

1981 24100 0 0 0 0 0 0 0
1982 27600 0 0 0 0 0 0 0
1983 20200 0 0 0 0 0 0 0
1984 18000 0 0 0 0 0 0 0
1985 3981 6270 4614 3214 2702 1699 864 43~1986 12080 6694 8198 6349 5838 3244 2023 29
1987 5042 3795 2337 1999 1666 951 1029 1906
1988 11669 10279 7042 4523 6050 2514 1379 3717
1989 11308 14892 11182 2728 2243 4266 1456 3791
1990 76713 9463 6562 3481 2568 2017 2430 4409
1991 11948 64501 8641 5671 3933 1970 2113 2164
1992 11384 12496 52251 4989 4043 2480 1815 4045
1993 11881 15094 5813 36062 1653 879 823 2304
1994 26587 8207 5142 2546 10266 1291 1001 1210
1995 19931 16763 8550 5664 4846 11717 2367 2809
1996 8384 19061 14339 6302 5896 3923 9571 4317
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Table 7.5.1 Length (ern) at age by quarter an<! by sub-division

of SOUTHERN HORSE MACKEREL in 1996.

1996 VlllcEut VIII= West lXa North 1XaeN-CS+S All ar••
1·.. 0 1"'0 ,'8tO ,'.. 0 ,'.. Q "atQ 1"'0

Age Je"",h(ern Je"",h(ern) Je_(ern Je"""'(ern Je""'h(ern) Je""'h(ern _(ern)

0 0.0 0.0 0.0 0.0 0.0
1 16.3 16.8 15.7 lU 15.9
2 17.5 18.7 19.5 18.3 18.4
3 23.0 22.3 22.5 21.0 21.8

• 25.6 25.6 24.3 22.7 23.8
$ 27.1 27.6 26.0 24.8 26.2
6 29.3 29.6 30.• 26.0 27.8
7 31.1 31.1 32.2 27.7 30.'
8 30.0 29.8 30.8 30.7 30.2

• 30.6 30.7 32.3 32.0 31.1

'0 31.3 31.6 33.2 32.' 32.0
11 31.• 31.9 301.1 33.' 32.8

'2 31." 31.$ 30.5 35.2 33.'
13 32.0 31.$ 33.' 35.6 33.',. 31.9 32.7 30.6 36.7 33.$
15+ 38.' 00.7 39.5 37.7 38.8

0-15+ 21.3 22.' 24,9 ''''' 22.'

Vllic East VIUcWIMI IXaNorth 1X0eN-CS+S All ......
2'ndO 2'ndO 2'ndO 2'ndO . 2'ndO 2'ndO 2'ndO

"oe Ienathfcm lenathcm Ie~hcm) lenathern Ienmhcm Jena"dern lenathrcm

0 0.0 0.0 0.0 0.0 0.0
I '5.3 , ..5 17.5 16.3 '5.5
2 19.5 19.9 20.7 19..2 ".7
3 23. 23.0 23.6 21.0 22.5

• 26.0 26.3 2U 23- 25.3
5 27.2 27.' 25.' 25.7 26.9
6 28.5 29.0 3'.• 27.3 28.3
7 30.6 31.0 32.5 29.0 30.2
8 29.2 29.6 31.8 30.1 29.7

• 30.2 30.6 32.7 31,1 30.7

'0 30.8 3'.5 33.6 32.' 3'.7
II 31.1 31.8 301.' 33.6 32.6

'2 31.0 31.8 30. 35.1 30.0

'3 30.8 31.3 33.0 35.' 33.$

l' 3'.7 32.' ....7 36.7 33.3
,5+ 39.1 39.0 38.3 37.' 38.0

0-15+ 27.2 26.' 29.' 27.2 27.3

Vllk: East VlllcWut IXo North 1X0CN+CS+S ANareu
SOld 0 NO 3'ldO SOld 0 SOld 0 SOld 0 SOld 0..... 1,...... ern '0_ 'ern Ien"",,ern enmh em tonalh ernl Ienalh ern Je""""ern

0 0.0 0.0 •.6 '''0 ...
I 18.5 21.5 13.. 16.2 18.1
2 21.8 23.6 22.7 20.9 22.1
3 25.6 25.8 25.6 22.2 2U

• 26.. 26.7 26.3 23.. 25.6
$ 28.0 27.8 28.1 2U 26.7
6 30.2 30.3 31.2 26.2 28.0
7 29.6 29.7 31.2 27.2 29.0

• 29.' 30.1 32.3 28.6 29.6

• 29.5 30.0 33.0 29.7 30.1

'0 30.$ 31.7 301.$ 31.8 31.9

II 31.5 32.' 37.2 32.1 32.8
12 28.5 29.0 35.0 32.8 31.$

'3 38. 39.' 35.7 35.0 35.2,. 30.8 31.7 36.8 36.9 30.2
15+ 39.7 40.1 39.3 38.2 38.'

0-15+ 27.0 27.6 ' •.7 25.1 24,1

VlllcEut VIlIcW. IXoNOI1lI 1X0eN-CS+S All ......
.... 0 .... 0 .... 0 .... 0 .... 0 .... 0 .... 0

"oe "nothlem Jenoth(ern) Jenalh'ern "nothlern lo""""ern) lo"""'lem Jenoth'ern)

0 11.7 12.1 12.0 11.5 ll.

1 18.2 '3.2 1•.3 "., ".2
2 20.6 23.8 11.8 20.6 21.'
3 24.3 25.3 25.2 22.. 2'-7

• 27." 26.1 26.6 23.9 25.8
5 28.6 26.9 28.0 25.0 26.7
6 30.6 29.0 30.7 25.8 28.1
7 29.' 28.9 30.1 28.' 29.1

• 30.' 2U 31.0 29.9 29.9
9 29.' 29.1 31.5 31.0 30.'
'0 31.1 30.7 33.0 31.6 31.8
II 32.0 33.6 38.0 31.9 32.7

'2 29.' 28.5 301.3 32.5 31.9
13 36.3 ...2 39.6 32.8 33.7,. 30.8 30.' 36.7 33.6 301.3
,5+ 38.8 .'.3 40.0 35.6 38.0

0·15+ 23.6 19.8 17.7 22.5 20.'

YlUcEut VlIlcWut IXaNonh IX.CN+C$+S ........
'''0 '''0 '''0 '''0 ,..0 , .. 0 '''0

"" lonothlern Je"",hlem Ienqth(cm Jenothfern Je""'hlem) lo"""'fern Jenothlern)

0 11.7 12.1 10.0 1'.7 10.9
1 17.1 '3.7 1•.3 '5.0 ' ..7
2 19.2 20.0 19.9 19.6 19.7
3 24.6 2U 23.6 21.6 23.3

• 26.' 28.3 25.' 23.3 25.2
5 27.5 27.' 27.0 25.0 28.7
8 29.6 2'.6 31.0 26.3 28.2
7 30.0 30.2 31.' 28.0 29.6
8 29.5 29.6 31.6 29.8 29.8

• .... 30.' 32.' 31.0 30.5I. 30.• 31.5 ..... 32.• 31.9
11 31.' 32.0 35.0 32.8 32.7

12 29.8 30.' 30.6 33.8 32.6
13 31•• 32.6 30.7 30.5 33.9

l' 31.5 32.5 35.5 35.7 33.8
15+ 39.3 40.8 39.' 37.' 39.'

0-15+ 25.2 23.3 19.1 2".4 23.2
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Table 7.5.2 Weight (g) al age by quarter and by sub-division

01 SOUTHERN HORSE MACKEREL in 1996.

1996 VUice_ VlllcWiNt IXoNonh IlCo CI'k<:S+S ~Iare..
,'atQ ,".. Q ''''0 ''''0 ''''0 ,'.0 ".. 0

Aoo _iahtlal ...iohtla) "''''''101 ...""'(01 ...""'(0) ...ia"'(ol ...iahtlo)
0 0 0 0 0 0
1 38 ., 34 25 35
2 .. 56 63 $, $4
3 106 92 94 7' 84

• 136 '37 117 94 110
$ 16' 166 1~ 122 ,..
6 200 206 236 ,.c 175
7 236 237 261 '69 222
8 21$ 211 234 23' 220
0 227 22B 264 262 23B
10 2~ 2$0 286 272 260
11 259 2S8 3'0 3'0 282

'2 2" 2SO 32' ... 299

'3 262 249 308 36' 30'
14 259 278 326 .... 300
,5+ ... $'2 .7 - 4$8

0-,5+ 98 116 '44 115 116

VlllcEut VlllcWest IXoNonh IX. CI'k<:S+S AI......

2'ndQ 2'ndQ 2'ndO 2'ndO 2'ndQ 2'ndO 2'ndO
Aoo ...iahtlal "''''''(01 ...""'101 ...;oht(a) ",""tlal ...iahtlal ...""'(0)

0 0 0 0 0 0
1 32 27 .. 35 32
2 63 66 7. $7 84
3 110 '02 108 79 os
• 1~

,.,
'20 105 13'

5 161 '65 134 '34 ,$7

6 '86 '96 2S1 '6' '8'
7 227 234 267 '83 2'9
8 '98 20S 2S4 2'6 209
0 218 226 274 230 230
'0 233 2.7 205 269 2S4
11 2.c 2S6 309 200 27.

'2 237 2S4 323 240 2.7
13 233 2~ 292 366 303,. 2S3 26' 326 ... 297
'5+ 4$7 4$. ~8 ~ -0-,5+ '69 '67 225 176 175

VIUcE_ VlIk:W. IXoN_ 1XoCN.cs.s All.,...
3''''0 3''''0 3''''0 3''''0 3''''0 3''''0 3''''0

Age ....... (0) "''''''(0) "''''''(o! "''''''(0) "''''''(0) ....
0 0 0 6 25 7
1 $4 82 25 35 37
2 89 '07 99 74 90
3 ,35 '38 '35 87 "6

• ,$7 153 ,.7 102 136
$ '16 173 182 122 '55
6 2'8 22' 2~ 144 184
7 206 208 2~ 16' 195
8 20S 2'9 269 '85 209
9 203 2'6 286 209 2'7
'0 227 2S3 3'9 2S8 2S8
11 249 272 397 264 28.
12 190 20' 343 28' 256
13 - ... 350 340 34S,. 236 2S8 388 .c, 327

,5+ .74 490 .., - ...
0-'5+ '54 '73 66 ,.. ,.,

Vlllc Eut VIlIcWNt IXoNonh lXo CI'k<:S+S All.,...
4'!h0 .'!h0 .'!h0 .'!h0 .'!h0 .'!h0 .'!h0

Aoo _iahtlol _"",,(01 ...""'(0) ...ioht(ol ...iaht(ol _iahtlaI -""'(0)
0 ,5 16 16 ,. '5, 52 2' 27 24 26
2 7. 111 68 71 84
3 120 13' 131 90 123
4 '66 ,.. 153 '09 140
$ 187 '56 178 '2' 1$4
6 226 ,.. 230 '36 179
7 211 192 2'7 '77 196
8 226 '85 248 213 2"
9 2,2 '98 250 235 22'
'0 2.c 23' 294 250 257
11 259 303 377 258 2BO

'2 20' 189 328 272 262

'3 37' 56S .77 283 310,. 233 337 389 307 326
,5+ - S29 4B3 386 ~,

0-'5+ '20 89 73 129 96

VtlIcEut VlIlcWüt IlCoNonh lXo CI'k<:S+S All .....

'''0 '''0 , .. 0 ,..0 , .. 0 , .. 0 ,..0
Age _,,"'la' _"""01 -""'101 ...;ghtlol _ioht(al "'''''''0) ...;ghtlol
0 ,$ '6 10 '5 13
1 44 24 27 28 29
2 62 81 68 6. 66
3 '23 '22 108 81 ,..
4 'SO ,.. '33 101 130
5 168 165 160 125 1$4
6 206 207 238 ,.. 18'
7 2,5 217 244 116 206
8 20S 207 25' 211 2'2

• 21' 2" 266 238 226

'0 234 246 296 260 25
11 2.7 26' 336 280 279

'2 2'5 222 330 270 260
13 248 288 332 328 3'3
14 249 276 3S2 367 3'0
,5+ .., 512 .12 426 ..,

0-1S. '43 '25 96 '" 128
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Table 7.5.3 Southern hörse mackerel mean weight at age

. , , The SAssystem . .. 16:24 Thursday, September ;,; 19~

HOH-SOTH: Southern horse mackerel (Divisions Vlllc and IXa)

WEST: Hean weight in Stock (Kilograms)

Year Age 0 Ase 1 Age 2 Ase 3 Ase 4 Age 5 As; 6 Age 7 Ase 8 ASe 9 Age 10 Age 11 Age 12 Ase ~3 Ase 14 ASe 15
.., .,'

1981 0.000 0.032 0.055 0.075 0.105 0.127 0.154 0.176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381
1982 0.000 0.032 0.055 0.075 0~105 0.127 0.154 0.176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381
1983 0.000 0.032 0.055 0.075 0.105 0.127 0.154 0.176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381
1984 0.000 0.032 0.055 0.075 0.105 0.127 0.154 0.176 0.213 0.240· 0.269 0.304 0.318 0.348 0.355 0.381
1985 0.000 0.032 0.055 0.075 0.105 0.127 0.154 0.176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381
1986 0.000 0.032 0.055 0.075 0.105 0.127 0.154 0.176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381
1987 0.000 0.032 0.055 0.075 0.105 0.127 0.154 0.176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381
1988 0.000 0.032 0.055 0.075 0.105 0.127 0.154 0.176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381
1989 0.000 0.032 0.055 0.075 0.105 0.127 0.154 0.176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381
1990 0.000 0.032 0.055 0.075 0.105 0.127 0.154 0.176 0.213 0.240 0.269 0.304 0.318' 0.348 0.355 0.381
1991 0.000 0.032 0.055 0.075 0.105 0.127 0.154 0.176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381
1992 0.000 0.032 0.055 0.075 0.105 0.127 0.154 0.176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381
1993 0.000 0.032 0.055 0.075 0.105 0.127 0.154 0.176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381·
1994 0.000 0.032 0.055 0.075 0.105 0.127 0.154 0.176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381

·1995 0.000 0.032 0.055 0.075 0.105 0.127 0.154 0.176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381
1996 0.000 0.032 0.055 0.075 0.105 0.127 0.154 0.176 0.213 0.240 0.269 0.304 0.318 0.348 0.355 0.381

,. ., The SAS System ...... ..... .16:24 Thursday, sept~el" 11, 19~• HOH-SOTH: Southern hOl"se maekerel (Divisions Vllle and IXa)

WECA: Hean ~eisht in Catch (Kilograms)

Yeal" Ase 0 Age 1 Ase 2 ASe 3 Age 4 Ase 5 ASe 6 ASe 7 Age 8 ASe 9 Ase 10 Ase 11 Ase 12 Ase 13 Ase 14 Age 15

1981 0.023 0.040 0.067 0.097 0.174 0.254 0.292 0.341 0.407 -1.0CO -l.CCO -1.000 -1.000 -1.000 -1.000 -1.000
1982 0.020 0.033 0.082 0.115 0.152 0.226 0.2~1 0.296 0.363 -1.000 -1.000 -1.000 -1.000 -1.000 -1.000 -1.000
1983 0.013 0.028 0.061 0.125 0.159 0.225 . 0.267 0.294 0.361 -1.000 -1.000 -1.000 -1.000 -1.000 -1.000 -1.000
1984 0.015 0.025 0.049 0.080 0.124 0.178 0.246 0.275 0.331 -1.000 -1.000 -1.000 -1.000 -1.000 -1.000 ~1.000
1985 0.014 0.027 0.070 0.091 0.117 0.132 0.152 0.182 0.249 0.264 0.284' 0.312 0.320 0.344 0.357 0.378
1986 0.016 0.029 0.055 0.076 0.104 0.137 0.185 0.194 0.209 0.290 0.301 0.319 0.329 0.339 0.349 0.349
1987 0.024 0.031 ·0.049 0.058 0.096 0.106 0.131 0.161 0.198 0.2tt 0.246 0.302 0.2a8 0.352 0.361 0.358
1988 0.027 0.036 0.066 0.082 0.111 0.126 0.156 0.156 0.202 0.239 0.249 0.275 0.314 0.333 0.327 0.355
19!!9 0.016 0.041 0.062 0.089 0.109 0.132 0.152 0.189 0.200 0.203 0.248 0.320 0.345 0.339 0.375 0.389
1990 0.016 0.035 0.047 0.076 0.124 0.130 0.155 0.170 0.182 0.214 0.260 0.272 0.316 0.345 0.368 0.388
1991 0.016 0.033 0.063 0.102 0.133 0.151 0.168 0.173 0.193 0.196 0.233 0.236 0.280 0.3C~ 0.323 0.372
1992 0.018 0.029 0.04a 0.078 0.105 0.141 0.162 0.173 0.182 0.191 0.214 0.240 0.275 0.313 0.341 0.387
1993 0.015 0.034 0.040 0.064 0.109 0.155 0.171 0.202 0.225 0.225 0.253 0.250 0.321 0.364 0.397 0.461
1994 0.021 0.036 0.058 0.069 0.097 0.142 0.182 0.205 0.225 0.250 0.276 0.299 0.295 0.343 0.363 0.391
1995 0.029 0.036 0.058 0.091 0.110 0.139 0.173 0.189 0.218 0.235 0.273 0.291 0.305 0.290 0.362 0~392

1996 0.013 0.029 0.066 0.104 0.130 0.154 0.181 0.206 0.212 0.225 0.257 0.279 0.260 0.313 0.310 0.441
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Table 7.7.1 XSA diagnostics

lowestoft VPA Version 3.1

1S-Sep-97 19:07:21

Extended Survivors Analysis

S. horse maekerel (run: XSAABM15/X15)

CPUE data fram file /users/fish/ifad/ifapwork/wgmhsa/hom_soth/FLEET.X1S

Cateh data for 12 years. 1985 to 1996. Ages o to 12.

Fleet, First, Last, First, Last, Alpha, Beta, year, year, age , age
FLT01: 8e loJest trawl, 1985, 1996, 0, 11, .000, 1.000
FLT02: Be East trawl, 1985, 1996, 0, 11, .000, 1.000
FLT03: Oct Pt Survey, 1985, 1996, 0, 11, .800, .900
FLT04: Oct Sp. Surve, 1985, 1996, 0, 11, .790, .880
PJS: Jul Pt. Survey" 1989, 1996, 0, 11, .540, .630

Time series weights :

Tapered time weighting applied
Power = 3 over 20 years

Catchability analysis:

Catehability dependent on stock size for ages < 2

Regression type = C
Minimum of 5 points used for regression
Survivor estimates shrunk to the population mean for ages < 2

Catehability independent of age for ages >= 9

Terminal population estimation :

Survivor estimates shrunk towards the mean F
of the final 5 years or the 5 oldest ages.

S.E. of the mean to whieh the estimates are shrunk = 1.000

Minimum standard error for population
estimates derived fram each fleet = .300

Prior weighting not applied

Tuning had not converged after 40 iterations

Total absolute residual between iterations
39 and 40 = .00658

•

Final year F values
Ase , 0,
Iteration 39, .0243,
Iteration 40, .0242,

1,
.1002,
.0996,

2,
.3215,
.3183,

3,
.0804,
.0795,

4,
.1009,
.1011,

5,
.0428,
.0428,

6,
.0585,
.0585,

7,
.1003,
.1002,

8,
.1040,
.1039,

9
.1751
.1749

Age ,
Iteration 39,
Iteration 40,

10,
.1781,
.1778,

11
.4161
.4154
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fable 7.7.1 (cont~) XSA diagnostics

Regression weights
\;921,.751, .820, .8n, .954, .976, .990, .997, 1.000, 1.000

Fishing mortalities
Age, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996

0, .041, .140, .257, .049, .014, .028, .009, .020, .008, .024
1, .499, .288, .257, .262, .089, .154, .075, .122, .508, .100
2, .419, .123, .106, .244, .165, .182, .196, .271, .182, .318
3, .238, .151, .162, .118, .080, .164, .230, .093, .136, .080
4, .155, .112, .198, .082, .085, .090, .153, .on, .060, .101
5, .084, .150, .169, .102, .082, .074, .125, .063, .065, .043
6, .185, .•124, .235, .104, .130, .091, .089, .133, .078, .058
7, .108, .207, .091, .191, .172, .179, .169, .117, .129, .100
8, .104, .160, .193, .176, .256, .187, .213, .176, .135, .104
9, .1n, .299, .298, .231, .208, .438, .380, .211, .152, .175

10, .124, .540, .580, .195, .323, .246, .353, .202, .334, .178
11, .102, .353, .390, .335, .244, .296, .253, .242, .338, .415

1.42E+06, 1.70E+06, 5.35E+05, 3.38E+05, 2.16E+05, 1.08E+06, 1.39E+05, 1.10E+05, 5.53E+04, 2.52E+04,
1.01E+06, 1.17E+06, 8.87E+05, 3.03E+05, 2.29E+05, 1.59E+OS, 8.58E+05, 9.94E+04, 8.50E+04, 4.29E+04,
1.15E+06, 7.55E+05, 7.55E+OS, 6.75E+05, 2.24E+OS, 1.76E+05, 1.18E+05, 6.52E+05, 6.96E+04, 6.23E+04,
1.08E+06, 7.67E+05, 5.02E+OS, S.84E+OS, 4.94E+05, 1.58E+OS, 1.28E+OS, 8.01E+04, 5.13E+05, 4.94E+04,
2.54E+06, 8.85E+05, 5.08E+05, 3.39E+05, 4.47E+05, 3.92E+05, 1.23E+05, 9.94E+04, 5.70E+04, 3.70E+05,
1.80E+06, 2.16E+06, 6.97E+05, 3.71E+05, 2.69E+05, 3.53E+05, 3.11E+05, 9.30E+04, 7.21E+04, 3.80E+04,
1.25E+06, 1.S1E+06, 1.59E+06, 5.00E+05, 2.71E+05, 2.12E+OS, 2.82E+05, 2.4SE+OS, 6.69E+04, S.15E+04,
5.17E+05, 1.06E+06, 1.2CE+06, 1.13E+06, 3.42E+05, 2.00E+05, 1.61E+05, 2.22E+05, 1.78E+05, 4.65E+04,
4.72:+05, 4.36E+05, 8.09E+05, 7.91E+05, 8.85E+05, 2.72E+05, 1.62:+05, 1.21E+05, 1.70E+05, 1.28:+05,
1.73E+06, 4.03E+05, 2.26E+05, 5.80E+05, 5.94E+05, 7.17E+05, 2.20E+05, 1.29E+05, 9.16E+04, 1.28E+05,

XSA population nunbers CThousancls)

•
YEAR ,

1987 ,
1988 ,
1989 ,
1990 ,
1991
1992 ,
1993 ,

. 1994,
1995 ,
1996 ,

0,
AGE

"
2, 3, 4, 5, 6, 7,

Estirr.ated population abunc:!anee at 1st Jan 1997

.•OOE+OO, 1.45E+06, 3.16E+05, 1.43E+05, 4.66E+05, 4.61E+05, 5.92:+05, 1.78E+05, 1.00E+05, 7.11E+04,

Taper weighted geometrie mean of the VPA populations:

1.24E+06, 9.43E+05, 6.58E+05, 5.43E+05, 3.89E+05, 2.79E+C5, 1.90E+05, 1.33E+05, 9.35E+04, 6.46E+04,

Standard error of the weishted log(VPA populations)

YEAR ,

.5550,

10,

.5238, .5327,

AGE
",

.5098, .5758, .6118, .5740, .6402, .7197, .7615,

1987 ,
1988
1989 ,
1990 ,
1991
1992
1993 ,
1994 ,
1995
1996

2.16E+04, 2.23E+04,
1.82E+04, 1.64E+04,
2.74E+04, 9.11E+03,
3.98E+04, 1.32E+04,
3.37E+04, 2.82E+04,
2.59E+05, 2.10E+04,
2.11E+04, 1.74E+05,
3.03E+04, 1.27E+04,
3.24E+04, 2.13E+04,
9.49E+04, 2.00E+04,

Estimated population abundance at 1st Jan 1997

9.27E+04, 6.85E+04,

Taper weighted geometrie mean of the VPA populations:

3.88E+04, 2.14E+04,

Standard error of the weighted Log(VPA populations)

.7718, .7795,
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Table 7.7.1 (cont.)

Log catchability residuals.

XSA diagnosti.cs

Fleet FLT01: Be ijest trawl

Ase 1985, 1986
o , 99.99, 99.99
1, -.32, .43
2, .50, - .27
3, 1.19, 1.86
4 -.42, 1.04
5, .•12. .19
6 -.01, -.33
7 -.28, -.64
8 -.05, -.40
9 •. -.11, -.61

10, -.31, .34
11, -.35, -.07

Age , 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 19960 , 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.991 -.37, .61, .97, .69, -1.45, .06, -.44, .36, .21, -.612 .55, .53, -LOS, .41, -.69, -.58, .52, .41, -.09, -.033 1.70, 1.11, .94, -.07, -2.36, -.78, .19, ·1.75, .52, -.834 2.04, .86, .83, .23, -.85, -1.11, .53, - 1.48, -.96, .185 , 1.37, •55, .51, . -.62, -.61, - .16, .82, -.60, -.74, -.29
6 .77, .40, .02, -.47, ·.33, .06, -.10, .66, -.37, -.18 •7 .21, -.26, -.24, -.13, .25, .05, .43, .25, -.02, .048 -.79, -.59, -.10, .18, .42, .12, .28, .48, .20, -.18
9 .13, -.54, .57, -.81, .14, .55, .54, -.17, -.17, .2110 , .16, - .27, 1.24, -.36, .27, .50, -.18, ·.38, .16, .3611 , -.11, -.25, -.31, -.88, -.37, -.37, .23, -1.00, -.43, .93

Mean log eatchability and standard error of ages with eatchability
independent of year class strength and constant w.r.t. time

Age ,
Mean Log q,
S.E(Log q),

2,
-18.7876,

.5600,

3,
-19.7652,

1.3373,

4,
-19.2551,

1.0485,

5,
-18.6906,

.6719,

6,
-18.1641,

.4056,

7,
-17.6291,

.2859,

8,
-17.4867,

.3924,

9,
-17.0590,

.4700,

10,
-17.0590,

.4956,

11 .
·17.0590,

.5875,

Regression statistics :

Ages with CI dependent on year class strength

Age, Slope , t-value , I ntercept , RSquare, No ?ts, Reg s.e, Mean Log CI

0, .00, .000, .00, .00, 0, .00, .00,
1, .45, 1.210, 16.80, .36, 12, .73, -20.49,

Ages with CI independent of year class strength and constant w.r.t. time.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q

2, .81, .648, 17.79, .59, 12, .47, -18.79,
3, 1_34, -.284, 22.00, .08, 12, 1.89, -19.77,
4, 1.51, -.549, 22.49, .12, 12, 1.64, -19.26,
5, .84, .505, 17.72, .55, 12, .59, -18.69,
6, .84, .815, 17.20, .75, 12, .35, '18.16,
7, .92, .620, 17.14, .86, 12, .27, -17.63,8, .83, 1.183, 16.46, .85, 12, .32, -17.49,
9, ~92, .418, 16.58, .76, 12, .45, -17.06,

10, .84, .989, 15.88, .81, 12, .40, -16.92,11, .78, 1.341, 15.69, .81, 12, .40, -17.30,
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Table 7.7.1 (cont.) XSA diagnostics

Fleet FLT02: 8c East trawl

1985, 1986
, 99.99, 99.99
, 99.99, 99.99
, 99.99, 99.99
, 99.99, 99.99
, 99.99, 99.99

- .58, .16
- .31, - .45
-.11, -.50
.28, -.24

-.05, -.69
.02, -.63

-.27, -1.60

Age
o
1
2
3
4
5
6
7 ,
8
9

10 ,
11 ,

Age , 1987,
o , 99.99,
1 , 99.99,
2 , 99.99,
3 , 99.99,
4 , 99.99,
5, .89,
6 .62,
7 -.23,
8 -.n,
9 -.09,·

10, -.37,
11, -.60,

1988, 1989, 1990, 1991, 1992, 1993,
99.99, 99.99, 99.99, 99.99, 99.99, 99.99,
99.99, 99.99, 99.99, 99.99, 99.99, 99.99,
99.99, 99.99, 99.99, 99.99, 99.99, 99.99,
99.99, 99.99, 99.99, 99.99, 99.99, 99.99,
99.99, 99.99, 99.99, 99.99, 99.99, 99.99,
-.28, .54, -.23, -.06, -.30, -.22,
-.01, .04,' .00, -.59, -.20, -.85,
-.47, -.33, .34, -.48, -.40, -.12,
-.32, -.26, .37, ,-.35, -.55, -.93,

.24, .53, -.66, -.68, -.06, -.19,

.83, 1.40, -.20, -1.34, -.27, -1.25,

.62, -1.15, -.49, -1.60, -1.38, -.55,

1994, 1995, 1996
99.99, 99.99, 99.99
99.99, 99.99, 99.99
99.99, 99.99, 99.99
99.99, 99.99, 99.99
99.99, 99.99, 99.99
-.n, .05, .76

.85, .25, .49

.75, .70, .45

.96, 1.01, .52

.18, .63, .58

.03, 1.27, .46
-.63, .74, .96

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age ,
Mean Log 'I,
S.ECLog 'I),

2,
.0000,
.0000,

3,
.0000,
.0000,

4,
.0000,
.0000,

5,
-17.7183,

.5035,

6,
-17.6362,

.5208,

7,
-17.3321,

.4851,

8, 9,
-17.1517, -16.7099,

.6658, .4877,

10,
-16.7099,

.9049,

11
-16.7099,

1.0325,

Regression statistics

Ages with 'I dependent on year class strength

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean log q

e 0, .00, .000, .00, .00, 0, .00, .00,1, .00, .000, .00, .00, 0, .00, .00,

Ages with q independent of year class strength and constant w.r.t. time.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q

2, .00, .000, .00, .00, 0, .00, .00,3, .00, .000, .00, .00, 0, .00, .00,4, .00, .000, .00, .00, 0, .00, .00,5, .64, 2.661, 15.87, .87, 12, .25, -17.n,6, 1.10, -.291, 18.18, .50, 12, .60, -17.64,7, .95, .211, 17.05, .66, 12, .48, -17.33,8, .64, 2.248, 15.09, .82, 12, .36, -17.15,9, .97, .146, 16.53, .72, 12, .50, '16.71,10, 1.02, -.060, 16.86, .41, 12, .98, -16.71,11, 1.05, -.110, 17.51, .40, 12, 1.00, -17.18,

.'
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Table 7.7.1 (cont.) XSA diagnostics

Fleet FLT03: Oet Pt Survey

Age , 1985, 1986
0 , 99.99, -.26
1 , 99.99, .30
2 , 99.99, .73
3 , 99.99, 1.41
4 , 99.99, -1.52
5 , 99.99, -.37
6 , 99.99, -1.78
7 , 99.99, -.34
8 , 99.99, .05
9 , 99.99, -.34

10 , 99.99, -.61
11 , 99.99, .38

Age , 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996o , -.36, -.37, .36, .46, -.54, .04, .71 , -.37, -.12, .271 , -1.01, .99, .39, .91, .17, .15, .04, -1.18, -.13, -.482 , -.21, -.35, -.51, -.32, -1.08, 1.15, .91, -.21, .79, -.883 , -.38, .15, -.65, -.74, -.44, .48, 1.42, -.42, .20, -.784 .14, .40, -.32, -.20, -.27, .35, 1.24, .31, -.36, -.235 , -1.33, .77, .19, 1.15, -.17, .14, -.63, .24, .39, - .616 , -.38, .68, 1.02,' .06, .90, .39, -1.37, -.02, .45, -.347 , -.80, 2.16, -1.06, .42, .84, 2.00, -.94, - .82, -.56, -.838 , -_17, .77, -.02, -.34, 1.49, 1.79, .05, -.72, -1.19, -1.529 , .28, .72, -.66, 1.61, -.71, 2.27, .59, .07, -1.33, -2.3510 , -.10, .71, .70, 1.27, 1.12, .35, 1.05, -.33, ·.18, -2.2911 , -.46, '1.65, 1.56, 1.59, .32, .87, -.29, .35, .07, -1.06

Mean log eatehability and standard error oi ages with eatehability
independent of year elass strength and eonstant w.r.t. time

Ase ,
Mean Log C;,
S.E(Log q),

2,
-9.1065,

.7824,

3,
-9.5060,

.7890,

4,
-9.8831,

.6519,

5,
-10.6281,

.6848,

6,
-11.0258,

.8616,

7,
-11.2468,

1.1876,

8,
-11.2536,

1.0632,

9,
-11.1381,

1.3568,

10,
-11.1381,

1.0749,

11
-11.1381,

1.0088,

Regression stat;st;es :

Ages with q dependent on year elass strength

Ase, Slope , t-value , Intereept, RSquare, No Pts, Reg s.e, Mean Log q
0, .33, 2.572, 12.26, .65, 11, .44, -8.67,1, .51, 1.089, 11.43, .38, 11, .73, -9.19,

Ages with q independent of year dass strength and eonstant w.r.t. time.
Age, Slope , t-value , Intereept, RSquare, No Pts, Reg s.e, Mean Q

2, .58, 1.673, 10.93, .66, 11, .41, -9.1',3, 2.45, -.969, 4.22, .05, ", 1.94, -9.51,4, 5.22, -2.952, '2.85, .06, 11, 2.50, -9.88,5, 5.40, -3.094, 2.1', .06, 11, 2.64, -10.63,6, 1.01, '.018, 11.01, .31, 11, .92, -11.03,7, '9.28, -2.004, 17.58, .00, 11, 9.53, -11.25,8, 2.72, '1.318, 10.84, .07, 11, 2.78, -11.25,9, -23.76, '2.116, 10.04, .00, 11, 27.36, -11.14,10, 1.87, -1.047, 11.34, .15, 11, 1.98, -10.99,", 1.67, -.946, 11.62, .20, 11, 1.67, -10.98,
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Table 7.7.1 (cont.) XSA diagnostics

Fleet FLT04: Oet Sp. Surve

Age , 1985, 1986
o , 99.99, 99.99
1 , 99.99, 99.99
2 , 99.99, 99.99
3 , 99.99, 99.99
4 , 99.99, 99.99
5, .58, .31
6, .15, .04
7, .22, .93
8, .38, .55
9, -.08, .67

10, .00, .80
11, -.39, .34

Age 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 19960 , 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.991 , 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.992 , 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.993 , 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.994 , 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.995 -.29, .99, 1.66, .59, -1.47, -1.24, .10, -.48, -.37, .246 , •12, .62, 1.44, . .53, -1.78, -.90, .32, -.11, .09, -.197 , .21, -.06, .51, .33, -2.16, -.17, .22, -.30, .32, .378 .25, -.12, .40, .65, -.61, .07, -.07, '.14, .09, '.98• 9 .65, .38, .43, -.63, -.41, .32, -.18, -.80, -.29, .3410 , .54, 1.08, 2.40, -.01, .57, .47, .56, -.85, .02, -.4911 , .47, .42, -.48, -.49, .70, .79, .11, -.47, -.16, -.61

Hean log eatehability and standard error of ages with eatehability
independent of year elass strength and eonstant w.r.t. time

Ase,
Hean Log q,
S.ECLog q),

2,
.0000,
.0000,

3,
.0000,
.0000,

4,
.0000,
.0000,

5,
-10.6141,

.9091,

6,
-10.0502,

.8192,

7,
'9.5258,

.7817,

8,
-9.2258,

.4833,

9,
-8.7446,

.5013,

10,
'8.7446,

.9437,

11
-8.7446,

.5227,

Regression statisties

Ages with q dependent on year class strength

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Hean Log qe 0, .00, .000, .00, .00, 0, .00, .00,

"
.00, .000, .00, .00, 0, .00, .00,

Ages with q independent of year class strength and constant w.r.t. time.
Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Hean Q

2, .00, .000, .00, .00, 0, .00, .00,3, .00, .000, .00; .00, 0, .00, .00,4, .00, .000, .00, .00, 0, .00, .00,5, 2.91, -1.439, 6.94, .06, 12, 2.51, -10.61,6, .91, .195, 10.23, .37, 12, .79, -10.05,7, .83, .494, 9.91, .50, 12, .68, '9.53,8, .89, .567, 9.48, .75, 12, .44, -9.23,9, 1.30, -1.084, 8.05, .61, 12, .64, -8.74,10, 1.35, -.716, 7.56, .32, 12, 1.18, ·8.35,11, .82, 1.046, 8.96, .79, 12, .42, ·8.73,

.'
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Table 7.7.1 (cont.) XSA diagnostics

Fleet PJS: Jul Pt. Survey,

Age 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996
0 , 99.99, 99.99, 3.41, 3.17, -1.83, 3.37, -7.08, 2.80, -3.23, 99.99
1 , 99.99, 99.99, -.28, -.17, ·.34, .26, -.21, .34, .34, 99.99
2 , 99.99, 99.99, ·.25, .66, ·.67, -.26, .81, 1.01, -1.31, 99.99
3 , 99.99, 99.99, .46, -.26, '1.75, .00, 1.70, .51, -.68, 99.99
4 , 99.99, 99.99, 1.09, ·.55, '1.60, ·.38, .62, 1.21, -.38, 99.99
5 , 99.99, 99.99, -.22, -.20, '1.46, -1.12, 1.48, 1.37, .02, 99.99
6 , 99.99, 99.99, -.50, -.51, -.84, -1.47, 1.88, 1.63, -.34, 99.99
7 , 99.99, 99.99, '1.36, .16, -.18, -.04, 1.22, .88, -.82, 99.99
8 , 99.99, 99.99, .20, -.87, .60, .40, 2.26, -.12, -2.46, 99.99
9 , 99.99, 99.99, .31, .29, ·.80, 1.30, 1.49, .60, -3.12, 99.99

10 , 99.l:J9, 99.99, .35, -.31, .89, ·.15, ·.54, .93, -1.83, 99.99
11 , 99.99, 99.99, .74, .21, 1.03, 1.47, '2.50, 1.71, '1.75, 99.99

Mean log catchability and standard error of ages with eatehability
independent of year class strength and eonstant w.r.t. time

Age , 2, 3, 4, 5, 6, 7, 8, 9, 10, 11
Mean log q, '9.3169, -9.5929, -9.9103, '9.9077, -9.8017, -9.9940, -10.0370, -9.7756, -9.7756, -9.7756,
S.E(Log q>, .8717, 1.0882, 1.0140, 1.1374, 1.2902, .8969, 1.4697, 1.6049, .9779, 1.6644,

e
Regression statisties :

Ages with q dependent on year elass strength

Age, Slope , t'value , Intereept, RSquare, No Pts, Reg s.e, Mean log q

0, 2.63, -.522, 5.15, .02, 7, 4.64, -10.57,

"
.42, 2.167, 11.64, .75, 7, .34, ~8.64,

Ages with q independent of year elass strength and constant w.r.t. time.

Age, Slope , t-value , Intereept, RSquare, No Pts, Res s.e, Mean Q

2, .51, 1.159, 11.41, .54, 7, .43, -9.32,
3, .56, .713, 11.22, .36, 7, .64, -9.59,
4, -10.65, -1.294, 44.13, .00, 7, 10.21, '9.91,
5, -.95, -1.734, 14.75, .14, 7, .93, -9.91,
6, .62, .417, 10.66, .20, 7, .87, -9.80,
7, 1.27, -.379, 9.46, .30, 7, 1.23, -9.99,
8, -7.12, -1.696, 23.27, .01, 7, 9.08, -10.04,
9, -3.60, -1.825, 16.44, .03, 7, 4.86, ·9.78, e10, 1.01, -.023, 9.87, .42, 7, 1.08, -9.88,

11, -5.23, -2.148, 12.13, .02, 7, 6.80, -9.67,
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Table 7.7.1 (con~.) XSA diagnostics

Terminal year survivor and F summaries :

Age 0 Catchability dependent on age and year class strength

Year class =1996

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated, Survivors, s.e, s.e, Ratio, , lJeights, FFLT01: Sc \.lest trawl, 1., .000, .000, .00, 0, .000, .000FLT02: Sc East trawl, 1., .000, .000, .00, 0, .000, .000FLT03: Oct Pt Survey, 1907047., .484, .000, .00, 1, .473, .000FLT04: Oct Sp. Surve, 1. , .000, .000, .00, 0, .000, .000PJS: Jul Pt. Survey" 1., .000, .000, .00, 0, .000, .000

P shrinkage mean , 943478., .52" " .414, .037
F shrinkage mean , 2245722., 1.00" " .114, .016

lJeighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

1451865., .34, .32, 3, .962, .024

Age 1 Catchability dependent on age and year class strength

Year class =1995e Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated, Survivors, s.e, s.e, Ratio, , \oIeights, FFLT01: SC \.lest trawl, 171338. , .864, .000, .00, 1, .117, .176FLT02: Sc East trawl, 1., .000, .000, .00, 0, .000, .000FLT03: OCt Pt Survey, 252245., .442, .158, .36, 2, .444, .123FLT04: Oct Sp. Surve, 1. , .000, .000, .00, 0, .000, .000PJS: Jul Pt. Survey" 12395., 5.309, .000, .00, 1, .003, 1.296
P shrinkase mean , 657659., .53,,,, .340, .049

F shrinkage mean , 157095. , 1.00" " .096, .190
lJeighted prediction

Survivors, Int, Ext, N, Var, F
B.t er.d cf yea:-, s.e, s.e, . , Ratio,

315990., .30, .30, 6, .987, .100

201



Table 7.7.1 (cont.) XSA diagnostics

Age 2 Catchability constant w.r.t. time and dependent on age

Year class = 1994

Fleet,
,

FlT01: 8e Uest trawl,
FlT02: 8e East trawl,
FlT03: Oet Pt Survey,
FlT04: OCt Sp. Surve,
PJS: Jul Pt. Survey"

F shrinkage mean ,

Ueighted predietion

Estimated,
Survivors,

146099. ,
1.,

86570.,
1.,

200541. ,

239841.,

Int,
s.e,

.481,

.000,

.403,

.000,

.377,

1.00" "

Ext,
s.e,
.101,
.000,
.204,
.000,
.181,

Var,
Ratio,

.21,

.00,

.51,

.00,

.48,

N, Scaled,
, lJeights,

2, .278,
0, .000,
3, .321,
0, .000,
2, .303,

Estimated
F

.309

.000

.477

.000

.234

.200.098,

Survivors,
at end of year,

142767.,

Int,
s.e,
.24,

Ext,
s.e,
.16,

N,
,

8,

Var,
Ratio,

.679,

F

.318

Age 3 Catchability constant w.r.t. time and dependent on age

Year class = 1993

Fleet,
,

FlT01: 8e Uest trawl,
FlT02: 8e East trawl,
FlT03: Oet Pt Survey,

'FlT04: Oet Sp. Surve,
PJS: Jul Pt. Survey"

Estimated,
Survivors,

438606.,
1.,

509432. ,
1.,

488851 ••

Int,
s.e,

.446,

.000,

.345,

.000,

.349,

Ext,
s.e,
.250,
.000,
.476,
.000,
.513,

Var,
Ratio,

.56,

.00,
1.38,

.00,
1.47,

N, Sealed,
, Ueights,

3, .228,
0, .000,
4, .373,
·0, .000,
3, .340,

Estimated
F

.083

.000

.072

.000

.075

F shrinkage mean ,

Ueighted predietion :

252233., 1.00"" .059, .141

Survivors,
at end of year,

465629.,

Int,
s.e,
•21,

Ex:,
s.e,
.22.

N,.
.11,

Var,
Ratio.
1.049,

F

.080

Age 4 Catehability constant w.r.t. time and dependent on age

Year class = 1992

Fleet,
,

FLT01: Se Uest trawl,
FLT02: Se East trawl,
FLT03: Oet Pt Survey,
FlT04: Oet Sp. Surve,
PJS: Jul Pt. Survey"

F shrinkage mean ,

Ueighted predietion

Estimated,
Survivors,

546156.,
1.,

445461. ,
1.,

421781.,

502847.,

Int,
s.e,

.418,

.000,

.308,

.000,

.330,

1.00""

Ext,
s.e,
.207,
.000,
.079,
.000,
.286,

Var,
Ratio,

.50,

.00,

.26,

.00,

.87,

N, Scaled,
, Ueights,

4, .220,
0, .000,
5, .414,
0, .000,
4, .309,

.057,

Estimated
F

.086

.000

.105

.000

.110

.093

Survivors,
at end of year,

461233.,

Int,
s.e,
.20,

Ext,
s.e,
.10,

Var,
Ratio,

.498,

F

.101

Age 5 Catchability constant w.r.t. time and dependent on age

Year class = 1991

Fleet,
,

FLT01: Be west trawl,
FLT02: 8e East trawl,
FLT03: Oet Pt Survey,
FLT04: Oet Sp. Surve,
PJS: Jul Pt. Survey"

F shrinkage mean ,

Ueighted prediction

Estimated,
Survivors,

504492.,
1270650.,
446136. ,
751436. ,
773413. ,

302047.,

Int,
s.e,

.366,

.527,

.286,

.951,

.363,

1.00" "

Ext,
s.e~

.326,

.000,

.205,

.000,

.182,

Var,
Ratio,

.89,

.00,

.72,
•00,
.50.

N, Sealed,
, weights,

5, .229,
1, .133,
6, .361,
1, .041 •
5, .197,

.039,

Estimated
F

.050

.020

.056

.034

.033

.082

, . Survivors,
at end of year,

591801.,

Int,
s.e,
.18,

Ext,
s.e,
.14,

Var,
Ratio,

.792,

F

.043

202



Table 7.7.1 (cont.) XSA diagnostics

Age 6 Catchability constant w.r.t. time and dependent on age

Year elass = 1990

fleet,
,

FlT01: 8c West trawl,
FlT02: 8e East trawl,
FLT03: Oct Pt Survey,
FLT04: Oet Sp. Surve,
PJS: Jul Pt. Survey"

F shrinkage mean ,

Weighted prediction

Estimated,
Survivors,

109142.,
233346.,
280348. ,
136304. ,
191495.,

97584.,

Int,
s.e,

.285,

.379,

.278,

.637,

.321,

1.00" "

Ext,
s.e,
.199,
.218,
.196,
.092,
.321,

Var,
Ratio,

.70,

.58,

.71,

.14,
1.00,

N, Scaled,
, Weights,

6, .294,
2, .184,
7, .263,
2, .065,
6, .165,

.029,

Estimated
F

.094

.045

.038

.076

.055

.104

Survivors,
at end of year,

178427. ,

Int,
s.e,
.15,

Ext,
s.e,
.13,

N,
,

24,

Var,
Ratio,

.841,

F

.058

Age 7 Catchability eonstant w.r.t. time and dependent on ase

Year elass = 1989

Fleet,
,

FLT01: 8e West trawl,
FLT02: Sc East trawl,
FLT03: Oet Pt Survey,
FLT04: Oct Sp. Surve,
PJS: Jul Pt. Survey"

Estimated,
Survivors,

86562. ,
102976. ,
141626.,
105741.,
104157. ,

Int,
s.e,

.208,

.304,

.285,

.504,

.325,

Ext,
s.e,
.134,
.358,
.256,
.240,
.237,

Var,
Ratio,

.64,
1.18,
.90,
.48,
.73,

N, Scaled,
, \.Ieights,

7, .421,
3, .202,
8, .171,
3, .074,
7, .109,

Estimated
F

.',5

.098

.on

.095

.097

Weishted prediction

63551., 1.00"" .022, .154

Survivors,
at end of year,

100342.,

In:,
s.e,
•13,

Ext,
s.e,
.10,

N,
•29,

Var,
Ratio,

.734,

F

.100

Ase 8 Catchability eonstant w.r.t. time and cependent on age

Year class = 1988

Fleet,

FLT01; 8e West trawl,
FLT02: 8c East trawl,
FLT03: Oct Pt Survey,
FLT04: Oct Sp. Surve,
PJS: Jul Pt. Survey"

Estimated,
Survivors,

78578.,
116248.,
50676.,
43341.,
63260.,

Int,
s.e,

.188,

.281,

.281,

.360,

.325,

Ext,
s.e,
.182,
.232,
.189,
.325,
.368,

Var,
Ratio,

.97,

.83,

.67,

.90,
1.13,

N, Scaled,
, Weights,

8, .428,
4, .189,
9, .142,
4, .126,
7, .095,

Estimated
F

.094

.065

.143

.165

.116

F shrinkage mean ,

Weishted predietion

36368., 1.00"" .020, .194

Survivors,
at end of year,

71125. ,

Int,
s.e,
.12,

Ext, N,
s.e, •
.11, 33,

Var,
Ratio,

.930,

F

.104

Ase 9 Catchability eonstant w.r.t. time and dependent on ase

Year elass = 1987

,
9,
5,

10,
5,
7,

Fleet,
,

FLT01: 8c \.lest trawl,
FLT02: 8c East trawl,
FLT03: Oct Pt Survey,
FLT04: Oct sp. Surve,
PJS: Jul Pt. Survey"

F shrinkase mean ,

Weighted prediction

Estimated,
Survivors,

100101.,
121210.,
52151.,
98640.,
70187.,

54982.,

Int,
s.e,

.176,

.248,

.277,

.298,

.449,

1.00" "

Ext,
s.e,
.115,
.329,
.244,
.208,
.533,

Var,
Ratio,

.66,
1.32,

.88,

.70,
1.19,

N, Scaled,
Weights,

.417,

.217,

.131,

.161,

.054,

.019,

Estimated
F

.163

.136

.292

.165

.225

.279

Survivors,
at end of year,

92684.,

Int,
s.e,
.11,

Ext,
s.e,
.1"

N,
,

37,

Var,
Ratio,

.929,

F

.175
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Table 7.7.1 (cont.) XSA diagnostics

Age 10 Catchability constant w.r.t. time and age Cfixed at the value for age) 9

Year class = 1986

Fleet,
,

FLT01: 8c West trawl,
FLT02: 8c East trawl,
FLT03: Oct Pt Survey,
FLl04: Oct Sp. Surve,
PJS: Jul Pt. Survey"

F shrinkage mean ,

Weighted prediction

Estimated,
Survivors,

an12.,
90064.,
36007.,
48838.,
43377.,

39114.,

Int, Ext, Var, .N, Scaled, Estimated
s.e, s.e, Ratio, , Weights, F

.171, .102, .59, 10, .435, .142

.245, .190, .78, 6, .215, .138

.296, .238, .80, 11, .117, .314

.289, .1n, .60, 6, .166, .241

.489, .567, 1.16, 7, .045, .267

1.00"" .022, .293

Survivors,
at end of year,

68494.,

Int,
s.e,
.11,

Ext,
s.e,
.10,

N,
,

41,

Var,
Ratio,

.864,

F

.178

Age 11 Catchability constant w.r.t. time and age Cfixed at the value for age) 9

Year class = 1985

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , l.Ieights, F

FLT01: 8c West trawl, 13422., .176, .128, .73, 11, .410, .362
FLT02: 8c East trawl, 11175., .250, .268, 1.08, 7, .195, .421
FLT03: Oct Pt Survey, 12338., .348, .269, .77, 11, .099, .388
FLT04: Oct Sp. Surve, 6978., .2n, .185, .68, 7, .215, .609
PJS: Jul Pt. Survey" 8222. , .499, .528, 1.06, 7, .046, .537

F shrinkage mean , 44548. , 1.00"" .035, .123

Weighted prediction

.' Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

11376. , .12, .11, 44 .896, .415,
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Table 7.7.2 Final VPA rsults - Fishing mortality

Run title : S. horse mackerel (run: XSAABM15/X15)

At 15'Sep-97 19:08:18

Table 8
YEAR,

Terminal Fs derived using XSA (With F shrinkage)

Fishing mortality CF) at age
1985, 1986,

AGE
0,
1,
2,
3,
4,
5,
6,
7,
8,
9,

10,
11,

+gp,
FBAR 1-11,
FBAR 0- 3,
FBAR 7-11,

.2911,

.4415,

.2199,

.0519,

.1197,

.0912,

.0701,

.1497,

.1084,

.1547,

.1831,

.3349,

.3349,

.1750,

.2511,

.1861,

.2899,

.5526,

.2361,

.2456,

.0997,

.1690,

.1086,

.3427,

.3678,

.2531,

.2933,

.3873,

.3873,

.2778,

.3311,

.3288,

Table 8 Fishing mortality (F) at age
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, FBAR 94-96

AGE
0, .0415, .1397, .2573, .0492, .0136, .0277, .0093, .0199, .OOBO, .0242, .0174,
1, .4989, .2876, .2569, .2624, .•0885, .1536, .0752, .1222, .5081, .0996, .2433,
2, .4191, .1226, .1060, .2437, .1645, .1823, .1955, .2705, .1818, .3183, .2569,
3, .2376, .1509, .1618, .1179, .0802, .1638, .2296, .0933, .1361, .0795, .1030,
4, .1554, .1123, .1979, .0816, .085i, .0904, .1530, .0774, .0596, .1011, .0794,
c: .0840, .1498, .1691, .1024, .0821, .0738, .1255, .0632, .0654, .0428, .0571,~,

6, .1855, .1241, .2346, .1043, .1304, .0905, .0890, .1333, .0779, .0585, .0899,
7, .1083, .2067, .0910, .1908, .1nO, .1795, .1689, .11eB, .1291, .1002, .1154,
8, .1035, .1601, .1927, .1759, .2562, .1866, .2126, .1758, .1349, .1039, .1382,
9, .1770, .2988, .2977, .2314, .2081, .4383, .3800, .2109, .1518, .1749, .1792,

10, .1242, .5405, .5802, .1955, .3233, .2456, .3528, .2020, .3343, .1778, .2380,
11, .1015, .3529, .3895, .3347, .2443, .2957, .2526, .2424, .3376, .4154, .3318,

+gp, .1015, .3529, .3895, .3347, .2443, .2957, .2526, .2424, .3376, .4154,
FBAR 1-11, .1996, .2278, .2434, .1855, .1668, .1909, .2032, .1553, .1924, .1520,
FBAR 0- 3, .2993, .1752, .1955, .1683, .0867, .1318, .1274, .1265, .2085, .1304,e FBAR 7-11, .1229, .3118, .3102, .2257, .2408, .2691, .2734, .1896, .2175 , .1944,
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Table 7.7.3 Final VPA results - Stock number at age

Run title : S. horse mackerel (run: XSAABH15/X15)

At 15-Sep-97 19:08:18

Terminal Fs derived using XSA (With F shrinkage)

Table 10
YEAR,

AGE
0,
1,
2,
3,
4,
5,
6,
7,
8,
9,

10,
11,

+gp,
TOTAL,

Stock number at age (start of year)
1985, 1986,

1679994, 2635210,
898322, 1080734,
463549, 497202,

1703043, 320227,
250369, 1391742,
181417, 191191,
112717, 142542,
57098, 90452,
41787, 42314,
47145, 32273,
29732, 34761,
12173, 21310,
36170, 46947,

5513514, 6526905,

Nunbers*10**-3

•
Table 10 Stock number at age (start of year) Numbers*10**-3
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, . 1994, 1995, 1996, 1997, GHST

AGE
0, 1415489, 1008373, 1152383, 1079896, 2543031, 1801251, 1245121, 516726, 472341, 1726088, 0, 13693
1, 1697306, 1168856, 754776, 766853, 884851, 2159317, 1508018, 1061741, 435997, 403290, 1451865, 11305
2, 535295, 887011, 754577, 502459, 507695, 697079, 1593952, 1203960, 808694, 225768, 315990, 6998
3, 337955, 303002, 675373, 584122, 338923, 370689, 500007, 1128267, 790642, 580331, 142767, 5240
4, 215596, 229369, 224276, 494471, 446826, 269242, 270839, 342055, 884630, 593908, 465629, 3410
5, 1084179, 158857, 176454, 158373, 392261, 353198, 211703, 200042, 272493, 717334, 461233, 2506
6, 138968, 857996, 117704, 128242, 123040, 311016, 282377, 160729, 161626, 219696, 591801, 1862
7, 110060, 99363, 652299, 80120, 99445, 92958, 244525, 222345, 121074, 128689, 178427, 1309
8, 55266, 85002, 69554, 512587, 56980, 72068, 66866, 177754, 170277, 91584, 100342, 824
9, 25213, 42890, 62336, 49375, 370018, 37958, 51468, 46530, 128329, 128068, 71125, 528

10, 21567, 18180, 27380, 39837, 33718, 258637, 21078, 30296, 32434, 94902, 92684, 346
11, 22314, 16395, 9115, 13192, 28201, 21005, 174135, 12749, 21305, 19984, 68494, 207

+gp, 61838, 49252, 39051, 43073, 50421, 51895, 27215, 68671, 81353, 74720, 53828,
TOTAL, 5721050, 4924545, 4715280, 4452602, 5875405, 6496315, 6197308, 5171866, 4381197, 5004362, 3994184,

e
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Table 7.7.4 Final VPA results

Run title : S. horse mackerel (run: XSAABM15/X15)

At 15-Sep-97 19:08: 18

Table 16 SLIlIl18ry (without SOP correction)

Terminal Fs derived using XSA (With F shrinkage)

RECRUITS, TOTALBIO, TOTSPBIO, LANDINGS, YIELD/SSB, FBAR 1-", FBAR 0- 3, FBAR 7-1',
Age 0

1985, 1679994, 303460, 130n2, 43530, .3330, .1750, .2511, .1861,
1986, 2635209, 342969, 186023, 71490, .3843, .2778, .331" .3288,
1987, 1415490, 362376, 208957, 54650, .2615, .1996, .2993, _1229,
1988, 1008373, 358008, 211803, 56390, .2662, .2278, .1752, .3118,
1989, 1152383, 348933, 208948, 56396, _2699, .2434, .1955, .3102,
1990, 1079896, 352916, 222216, 49207, .2214, .1855, .1683, .2257,
1991, 2543030, 350822, 226418, 45511, .2010, .1668, .0867, .2408,
1992, 1801250, 391205, 220131, 50956, .2315, .1909, .1318, .2691,
1993, 1245121, 410107, 208733, 5r428, .2751, .2032, .1274, .2734,
1994, 516n7, 393666, 195538, 52588, .2689, .1553, .1265, .1896,
1995, 4n341, 401838, 23m1, 52681, •2216, .1924, . .2085, .2175,
1996, 1n6089, 386716, 264600, 44690, .1689, .1520, .1304, .1944,

Arith.
Mean 1439659, 366918, 210152, 52960, .2586, .1975, .0000, .2392,

Units, (Thousands) , (Tomes), (Tomes), (Tonnes),

e
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Table 7.9.1 Input data for the predictions

Southerrlihörse mackerel (Divisions VIIIc and IXa)

Single option prediction: Input data

Year: 1997

Stock Natural Haturity Prop.of F prop.of H Weight Exploit. Weight
Age size mortality ogive bef.spaw. bef.spaw. in stock pattern in catch

0 1369.000 0.1500 0.0000 0.2500 0.2500 0.000 0.0174 0.019
1 1451.865 0.1500 0.0000 0.2500 0.2500 0.032 0.2433 0.033
2 315.990 0.1500 0.0400 0.2500 0.2500 0.055 0.2569 0.054
3 142.767 0.1500 0.2700 0.2500 0.2500 0.075 0.1030 0.081
4 465.629 0.1500 0.6300 0.2500 0.2500 0.105 0.0794 0.110
5 461.233 0.1500 0.8100 0.2500 0.2500 0.127 0.0571 0.146
6 591.801 0.1500 0.9000 0.2500 0.2500 0.154 0.0899 0.174
7 178.427 0.1500 0.9500 0.2500 0.2500 0.176 0.1154 0.195
8 100.342 0.1500 0.9700 0.2500 0.2500 0.213 0.1382 0.213
9 71 ~ 125 0.1500 0.9800 0.2500 0.2500 0.240 0.1792 0.225

10 92.684 0.1500 0.9900 0~2500 0.2500 0.269 0.2380 0.255
11 68.494 0.1500 1.0000 0.2500 0.2500 0.304 0.3318 0.272
12+ 53.828 0.1500 1.0000 0.2500 0.2500 0.318 0.3318 0.335

Unit Hillions - - - - !Cilograms - !Ci lcigrams

Year: 1998

Recruit· Natural' Haturity Prop.of F Prop.of H Weight Exploit. Weight
Age ment mortality ogive bef.spaw. bef.spaw. in stock pattern in catch

0 1369.000 0.1500 0.0000 0.2500 0.2500 0.000 0.0174 0.019
1 · 0.1500 0.0000 0.2500 0.2500 0.032 0.2433 0.033
2 · 0.1500 0.0400 0.2500 0.2500 0.055 0;2569 0.054
3 · 0.1500 0.2700 0.2500 0.2500 0.075 0.1030 0.081
4 · 0.1500 0.6300 0.2500 0.2500 0.105 0.0794 0.110
5 · 0.1500 0.8100 0.2500 0.2500 O~127 0.0571 0.146
6 · 0.1500 0.9000 0.2500 0.2500 0.154 0.0899 0.174
7 · 0.1500 0.9500 0.2500 0.2500 0.176 0.1154 0.195
8 · 0.1500 0.9700 0.2500 0.2500 0.213 0.1382 0.213
9 · 0.1500 0.9800 0.2500 0.2500 0.240 0.1792 0.225

10 · 0.1500 0.9900 0.2500 0.2500 0.269 0.2380 0.255
11 · 0.1500 1.0000 0.2500 0.2500 0.304 0.3318 0.272
12+ · 0.1500 1.0000 0.2500 0.2500 0.318 0.3318 0.335

UnH Hillions - . - - !Cilograms . Jei lograms

Year: 1999

Recruit- Natural Haturity Prop.of F Prop.of H Weight Exploit. Weight
Age ment mortality ogive bef.spaw. bef.spaw. in stock pattern in catch

0 1369.000 0.1500 0.0000 0.2500 0.2500 0.000 0.0174 0.019
1 · 0.1500 0.0000 0.2500 0.2500 0.032 0.2433 0.033
2 · 0.1500 0.0400 0.2500 0.2500 0.055 0.2569 0.054
3 · 0.1500 0.2700 0.2500 0.2500 0.075 0.1030 0.081
4 · 0.1500 0.6300 0.2500 0.2500 0.105 0.0794 0.110
5 · 0.1500 0.8100 0.2500 0.2500 0.127 0.0571 0.146
6 · 0.1500 0.9000 0.2500 0.2500 0.154 0.0899 0.174
7 · 0.1500 0.9500 0.2500 0.2500 0.176 0.1154 0.195
8 · 0.1500 0.9700 0.2500 0.2500 0.213 0.1382 0.213
9 · 0.1500 0.9800 0.2500 0.2500 0.240 0.1792 0.225

10 · 0.1500 0.9900 0.2500 0.2500 0.269 0.2380 0.255
11 · 0.1500 1.0000 0.2500 0.2500 0.304 0.3318 0.272
12+ · 0.1500 1.0000 0.2500 0.2500 0.318 0.3318 0.335

Unit Hillions . . . . !Cilograms . !Ci lograms

Notes: Run name : HF2
Date and time: '6SEP97:":35

208



, ~ ..~ .
',,' "

Taille 7.9.2 Prediciion with managent option table

Southern horse mackerel (Divisions Vllle a~ lxai
The SAS System 20:33 Honday, September 15, 199'

Table 7.9.2a .. predlction with management option table
.. .. " "

Year: 1997
.

. Year: 1998 . Year: 1999

F Reference Stock C'
Catch in F. Reference Stock Sp.stock Catch in Stöck

.. ..
Sp.stock sp.stock

Factor F biomass biomass weight Factor F biomass biomass weight biomass biomass..'

1.0000 0.1666 405869 273379 52898 0.0000 0.0000 409161 273907 '. 0 475080 306485
· · · · · 0.1000 0.0167 · 272897 6411 467786 300830

· · · · · 0.2000 0.0333 · 271892 12694 460644 295312
· · · · · 0.3000 0.0500 · 270893 18852 453649 269925
· · · · ~ 0~4000 . 0.0666 · 269696 24889 446796 284667
· · · · · 0.5000 0.0833 · 266906 30607 440087 279532

· · · · · 0.6000 0.0999 · 267923 36610 433514 274518

· · · · · 0.7000 0.1166 · 266944 42299 427074 269622
· · · . · 0.8000 0.1333 265968 47878 420765 264839· ·· · · · · 0.9000 0.1499 · 264998 53349 414584 260166
· .. · · · 1.0000 0.1666 · 264033 58715 408527 255600

· · · · · 1.1000 0.1832 · 263072 63978 402591 251139

· · ~ · · 1.2000 0.1999 · 262116 69141 396774 '246779

· · · · · 1~3000 0.2165 · 261165 74206 391073 242516

· · · · · 1.4000 0.2332 · 260218 19175 385485 238350

· · · · · 1.5000 0.2498 · 259Z77 84050 380007 234276
· · · .. · 1.6000 0.2665 · 258339 88834 374638 230292

· · · · ~ 1.7000 0.2832 · 257407 93529 369373 226397

· · · · · 1.8000 0.2998 · 256479 98137 364211 222586.. 1.9000 0.3165 255555 102659 359150 218858· · · · : :· · · · 2.0000 0.m1 254636 107099 354187 215211

Tannes
... ~ . ~.

Tonl'les .Tonnes
.....- - Tennes Tonnes . . Tonnes Tonnes Tonnes

..
Notes: Run name. : HANI1FB02.

Date and time : 15SEP97:23:08 .
Computation of ref. F: Simple mean, age 1 • 11
Basis for 1997 : F factors

Southern horse ~ckerel (Divisions Vlllc and IXa)
The SAS System 20:33 11~~y, September 15, 1997

'. Table 7.9.2b prediction with management option table

....
Year: 1998 Year: 1999Year: 1997

. ....
Stock Sp.stock Catch in F . Reference Stock Sp.stOck Catch in . Stock Sp.stöc!cF Reference

Factar F biomass biomass weight Factor F biomass biomass weight biomass biomass

1.4339 0.2388 405869 269363 73000 0.0000 0.0000 386568 259408 ",0 451621 289895

· · .. · · 0.1000 0.0167 · 258470 5989 444788 284629

· · · · · 0.2000 0.0333 · 257536 11860 438096 279488

· · · · · 0.3000 0.0500 · 256606 17616 431540 274467

· · · · · 0.4000 0.0666 · 255682 23260 425117 269564

· · · · ~ 0.5000 0.0833 · 254761 28795 418825 264774

· · · · · 0.6000 0.0999 · 253845 34223 412660 260095

· · · · · 0.7000 0.1166 · 252934 39546 406620 255524

· · · · · 0.8000 0.1333 · 252027 44767 400700 251056

· · · · · 0.9000 0.1499 · 251125 49889 394899 246690

· · · · · 1.0000 0.1666 · 250227 54914 389213 242423

· · · · · 1.1000 0.1832 · 249333 59843 383641 238251

· · · · · 1.2000 0.1999 · 248443 . 64680 378178 234172

· · · · · 1.3000 0.2165 · 247556 69426 372823 230184

· · · · · 1.4000 0.2332 · 246677 74084 367573 226283

· · · · · 1.5000 0.2498 · 245801 78655 362426 222468

· · · · · 1.6000 0.2665 · 244928 83141 357379 218736

· · · · · 1.7000 0.2632 · . 244060 87S45 352429 215085

· · · · · 1.8000 0.2996 · 243196 91868 347576 211512

· · · · · 1.9000 0.3165 · 242336 96113 342816 208015

· · · · · . 2.0000 0.3331 · 241480 100280 338147 204593

Tonnes Tonnes
... :" . " Tonnes- - TOMes Tonnes - . . Tonnes Tonnes T.onnes

Notes: Run name HANI1FB02
Date and time. 15SEP97:23:0a,
Computation of ref. F Simple mean. age 1 • 11
Basis for 1997 TAC constraint~
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The SAS System

Table 7.9.2c

Southern horse mackerel (Divisions Vlllc and IXa)

Single option prediction: Detailed tables

•
20:33 Mciriday, September 15, 1997

Year: 1997 fofactor: 1.0000 Reference F: 0~1666 1 January Späwning time

Absolute Catch in Catch in Stock Stock sp.stock Sp.stock Sp.stock Sp.stock
Age f numbers weight size biomass size biomass size biomass

0 0.0174 .21934 421 1369000 0 0 0 0 0
1 0.2433 292052 9579 1451865 46460 0 0 0 0
2 0.2569 66692 3601 315990 17379 12640 695 11417 628
3 0.1030 12992 1055 142767 10708 38547 2891 36184 2714
4 0.0794 33037 3641 465629 48891 293346 30801 276996 29085
5 0.0571 23788 3478 461233 58577 373599 47447 354748 45053
6 0.0899 47302 8221 591801 91137 532621 82024 501616 m49
7 0.1154 18085 3527 178427 31403 169506 29833 158624 27918
8 0.1382 12048 2561 100342 21373 97332 20732 90566 19290
9 0.1792 10860 2448 ·71125 17070 69703 16729 64196 15407

10 0.2380 18283 4662 92684 24932 91757 24683 83275 22401
11 0.3318 18034 4902 68494 20822 68494 20822 60721 18459
12+ 0.3318 14173 4747 53828 17117 53828 17117 4mO 15175

Total 589280 52843 5363185 405869 1801372 293774 1686063 273379

Unit
.... .' .

Tennes Thousands Tonnes Thousands Tomes0 Thousands Tomes Thousands

Year: 1998 fofactor: 1.0000 Reference f: 0~1666 1 January Spawning time

Absolute Catch in Catch in Stock ' Stock Sp.stOck Sp.stock Sp.stock Sp.stock
Age F "umbers weight size biomass size biomass size biomass

0 0.0174 21934 421 1369000 0 0 0 0 0
1 0.2433 232936 7640 1157984 37055 0 0 0 0
2 0.2569 206784 11166 979757 53887 39190 2155 35400 1947
3 0.1030 19143 1554 210358 15m 56797 4260 53316 3999
4 0.0794 ,7865 867 110854 11640 69838 7333 .65945 6924
5 0.0571 19092 2791 370180 47013 299846 38080 284716 36159
6 0.0899 29970 5209 374954 57743 337459 51969 317814 48943
7 0.1154 47189 9202 465574 81941 442295 77844 413901 72847
8 0.1382 16430 3493 136836 29146 132730 28272 123504 26306
9 0.1792 11485 2589 75218 18052 73713 17691 67890 16293

10 0.2380 10095 2574 51174 13766 50663 13628 45979 12368
11" 0.3318 16556 4500 62878 19115 62878 19115 55743 16946
12+ 0.3318 19893 6663 75555 24026 75555 24026 66981 21300

Total 659371 58670 5440320 409161 1640963 284373 1531188 '264033

Unit Thousands Tonnes TholJsar1c!s Tonnes Thousands Tomes TholJsands
' ....

0 Tomes

Year: 1999 F-factor: 1~0000 Reference F: 0.1666 1 January Spawning time

Absolute Catch in Catch in Stock ' Stock Sp.stock Sp.stoclc sp~stoclc sp.stock
Age F numbers weight size biomass size biomass size biomass

0 0.0174 21934 421 1369000 < .0 0 0 0 0
1 0.2433 232936 7640 1157984 37055 0 0 o . 0
2 0.2569 164928 8906 781438 42979 .31258 . 1719 28234 1553
3 0.1030 59355 4820 652235 48918 176103 13208 165310 12398
4 0.0794 11589 1277 163336 17150 102902 .10805 97166 10202
5 0.0571 4545 665 88130 11193 71385 9066 67783 8608
6 0.0899 24053 4180 300933 46344 270840 41709 255074 39281
7 0.1154 29898 5830 294979 51916 280230 49320 262240 46154
8 0.1382 42870 9114 357048 76051 346337 73770 322261 68642
.9 0.1792 15662 3530 102573 24618 100522 24125 92580 22219
10 0.2380 10676 2722 54119 14558 53578 14412 48625 13080
11 0.3318 9141 2485 34717 10554 34717 10554 30778 9356
12+ 0.3318 22513 7541 85506 27191 85506 27191 75803 24105

Total 650100 59131 5441999 408527 1553377 275880 1445854 255600

Unit - Thousands Tomes Thousands Tonnes Thousands Tomes Thousands Tennes

(cont.)
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Table 7.11.1

.·.lt~·

Vield per recruit summary table

° The SAS System
Southern horse mackerel (Divisions Vlllc aOd IXa)

Yield per recruit: SUlIllary table

20:33 Monday, September 15, 199;

•

: 1 January Spawning time

F Reference Catch in Catch in Stock Stocl< Sp.stocl< Sp.stocl<
0 0

Sp.stocl<Sp.stocl<
Factor F numbers weight size biomass size biomass size biomass

0.0000 0.0000 0 0 9828273 1390627 5167132 1188840 4976953 1145084
0.1000 0.0167 133800 22471 8938200 1149989 4369586 956353 4189471 915919
0.2000 0.0333 235738 36150 8260517 978583 3779911 792638 3609367 755245
0.3000 0.0500 317618 44795 7716543 849385 3319683 670699 3158231 636095
0.4000 0.0666 385791 50361 7263946 747994 2946808 576165 2793984 544118
0.5000 0.0833 444010 53954 68m13 666010 2636495 500659 2491856 470960
0.6000 0.0999 494658 56239 ° 6541963 598185 2373077 438957 2236193 411416
0.7000 0.1166 539338 57635 6246027 541059 2146078 ° 387621 2016539 362065
0.8000 0.1333 579176 58414 5982389 492254 1948170 344293 1825585 320565
0.9000 0.1499 614997 58761 5745554 450069 1774031 307293 1658025 285248
1.0000 0.1666 647424 58801 5531366 413258 1619670 275390 1509887 254898
1.1000 0.1832 676942 58624 5336600 380878 1482014 247660 1378115 228601
1.2000 0.1999 703935 58292 5158689 352203 1358644 223392 1260306 205656
1.3000 0.2165 728716 57851 4995555 326664 1247615 202031 1154533 185517
1.4000 0.2332 751541 57334 4845481 303805 1147341 183133 1059224 167750
1.5000 0.2498 m625 56766 4707031 283255 1056505 166343 973079 152006
1.6000 0.2665 792151 56164 4578988 264712 974006 151369 895009 138000
1.7000 0.2832 810276 55543 4460310 247923 898906 137970 824094 125497
1.8000 0.2998 827133 54913 4350094 232678 830406 125944 759545 114303
1.9000 0.3165 842841 54280 4247554 218796 767815 115124 700686 104253
2.0000 0.3331 857503 53652 4152000 206126 710533 105364 646926 95209

- - Thousancls Tonnes Thousancls Tonnes Thousancls Tonnes Thousancls Tonnes
00

Notes: Run name : YLDMFB01
Date and time : 15SEP97:23:21
Computation of ref. F: Simple mean, age 1 - 11
F-0.1 factor : 0.4966
F-max factor : 0.9647
F-0.1 reference F : 0.0827
F-max reference F : 0.1607
Recruitment : 1369 (Millions)

211



1---- --
I

I
I
I

Table 7.14.1

Southern horse mackerel (Divisions VIIIc and IXa)
The SAS System 20:33 Monday, Sept!mber 15; 1997

Single option prediction: Summary table

F'status qua
1 January Spawning time

Year F Reference Catch in Catch in Stock Stock Sp.stock Sp.stock sp.stock Sp.stock
Factor F nl.lllbers weight size biomass size biomass size biomass

1997 1.0000 0.1666 589280 52843 5363185 405869 1801372 293774 1686063 273379
1998 1.0000 0.1666 659371 58670 5440320 409161 1640963 284373 1531188 264033
1999 1.0000 0.1666 650100 59131 5441999 408527 1553377 275880 1445854 255600

Unit - - Thousands Tonnes ThoUsllnds Tonnes Thousands Tonnes Thousands Tonnes

Notes: Run name : HF2 .
Date and time : 15SEP97:23:02
Computation of ref. F: Simple mean, age 1 - 11
Prediction basis F factors

Single option prediction: Summary table

F corresporiding tri ccinstant TAC 1 January Spawning time

Year F Reference Catch in Catch in Stock Stock .sp:stock sp.stock Sp.stock Sp.stock
Factor F numbers weight . size biomass sne biomass size biomass

1997 1.4356 0.2391 812279 73000 5363185 405869 1801372 293774 1665321 269348
1998 1.3782 0.2296 829575 73000 5234948 386486 1561502 269265 1440725 246819
1999 1.4290 0.2380 828965 73000 5108635 368641 1399535 248404 1284656 226647

Unit - - Thcusands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Notes: Run name : HF2
Date and time : 15SEP97:23:02
Computation of ref. F: Simple mean, age 1 - 11
Prediction basis : TAC constraints

Single option prediction: Summary table

d' t TACF correspon Ing 0 1996 :
Spawning time1 January

Year F Reference Catch in Catch in Stock Stock Sp.stock Sp.stock sp.stock. sp.stoclt
Facto!" F numbers weight size biomass size biomass size biomass

1997 1.4356 0.2391 812289 73001 5363185 405869 1801372 293774 1665320 269347
1998 1.4356 0.2391 859302 75641 5234938 386485 1561498 269265 1438165 246314
1999 1.4356 0.2391 826508 72648 5081290 365663 1389064 246493 1274848 224871

Unit - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Notes: Run name : MF2
Date and time : 16SEP97:11:35
Computation of ref. F: Simple mean, age 1 - 11
Predlction basis : F factors

."
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Table 7.14.1 (cont.)

Southern horse mackerel (Divisions VIIlc and IXa)
10:41 Tuesday, September 16, 199:

Single option predietion: summary table

F med
1 January Spawning time

Year F Reference Cateh in Cateh in Stock Stoek Sp.stoek sp.stoek Sp.stock Sp.stoek
Factor F numbers weight size biomass size biomass size biomass

1997 1.1512 0.1917 668804 60020 5363185 405869 1801372 293774 1678822 271970
1998 1.1512 0.1917 733695 65036 5367027 401076 1612760 278997 1498002 257689
1999 1.1512 0.1917 716968 64430 5310473 392890 1493597 265177 1383368 244348

Unit - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Notes: Run name
Date and time
Computation of ref.
Prediction basis

: HF2
16SEP97:12:02

F: Simple mean, age 1
: F factors

- 11

Single option prediction: Summary table

F max
1 January Spawning time,

Year F Reference Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Factor F numbers weight size biomass size biomass size biomass

1997 0.9647 0.1607 570378 51139 5363185 405869 1801372 293774 1687760 273709
1998 0.9647 0.1607 641205 57104 5457750 411082 1647646 285649 1539079 265545
1999 0.9647 0.1607 633536 57790 5473739 412302 1567783 278461 1460957 258324

Unit - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tennes

Notes: Run name
Date and time
Computation of ref.
Prediction basis

: MF2
: 16SEP97: 11 :35

F: Simple mean, age 1 - 11
: F factors
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Figure 7.2.1.- Effort series from Spanish commercial bottom trawl fleets
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Figure 7.4.1 The age composition of southern horse mackerei
in the international catches from 1985-19%.

Age 15 is a plus group.
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Southern horse IlIlIckerel SSB 1995 from XSA
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Figure 7.7.1.- 88B estimates in 1995 and 1996 by source of independent information and comparison
with the last year assessment (Assess 96)

e:\acfm\wgmhsa98\F-n1.xls 216



0.9

0.8

0.7

0.6

0.5

0.4

19961995199419931992199119901989198819871966

0.3 ~:::::::~=g::::~:::::::::::~=:Q:=::::::::::l3=:=Q::=:::R::::=--e,"--I~ ~ ..n.
0.2 p- .,.. ~

"V" -
0.1

0-1--->---__�o----+----+----+---_+_--0+---_-----<---+---<

1985

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
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Southern horse mackerel

1995 Egg surveys
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Fig 7.7.3.- Comparlson of the SSB estimates from the 1995 and 1996 analytical assessments and the 1995 egg surveys
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. Figure 7.7.4 I e e
Fish Stock Summaty

Southern horse mackerel (Divisions VIIIc and IXa)
13 -9-1997

Yield and fishing mortality Spawning stock and recruitment
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Figure 7.9.1

Fish Stock Summary
Southem horse mackerel (Divisions vmc and IXa)

15-9-1997
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Southern horse mackerel
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Fig. 7.13.1.- Recruits (age 0) versus Spawning Stock Biomass
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8 SARDINE

8.1 Otolith Workshop

From the sardine otolith exch8.nge between Spain and Portugal, carried out dUrlng i996, problems were found in
the interpretation arid ageing of otoliths from the youngest sardines and those caught in the middle of the year
(Le. JllOe-July). In addition, the otoliths of sardines caught in the Southern areas of the Iberian Peninsula are
different from those of the northernmost areas, mainly from those of Subdivision VIIIc. Their structure is more
complex, showing several false rings, hyaline rings narrower than those observed in the otoliths of the northern
mas and also a higher calcification.

In order to clear up these questions, a Workshop on Sardine Otolith Age Reading was held at the Instituto
Espaiiol de Oceanograffa (IEO) in Vigo, Spain from 17-21 February 1997 (ICES 19971H:7). Following the
recommendations ofthe 1996 ICES Annual Science Conference (C.Res. 199712:39), this Workshop aimed to:

a) analyse the otolith stnicture and define the yearly growth pattern of otolith from different areas;
b) report on the main problems resulting from the applied ageing criteria, and on agreement between readers;
c) establish a protocol for age determination using diairams and photographs to illustrate age reading criteria.

This Workshop was sponsored by the European Coriunission (DG XIV) within the fnunework of programme
FAIR.

Two sampies ofotoliths collected in different areas and seasons off the Atlantic-Iberian coasts were analysed by •
nine readers of Portugal and Spain. Six readers are involved in the annual production of Age-Length Keys (ALK)
for assessment purposes. One sampie was taken from the Spanish Spring acoustic surveys carried out in 1988 and
1990-1993 (ICES Sub-areas IXa North, VIlIc Bast and West) and the Other from sardines caught around the
main fishing area in July (ICES Sub-areas VIIIc West, IXa Noi-th, Central North arid Central South).

A comparative analysis of age readings was made in order to check out discrepancies between readers. Two
indices of precision, Average Percent Error - APE (Hoenig et al., 1994), were calculated for each reader arid
sampie. Trends in both withiri and among readers were tested using a test of symmetry (Bowker, 1948). An
analysis of the percentage of agreement and plots of the average age of each age reader against modal age were
also made. Finally, the Non Parametric Wilcoxon Matched-pair Signed-Rank test was also performed (Zar,
1984).

From the analysis of readings on the fmt sampie it was found that consistency within readers was in general
good. The agreement among the best readers reached 70%. Considering the best readers, this agreement was
higher when age 7 and older were excluded from the analysis (80%).

General trends for each reader are shown in Figure 8.1.1. Main disagreements seemed to be related to the
younger and older. ages. Despite the differences among readers, which were significant, the percentage of
agreement was high, especially amcing the. experienced readers arid it may be concluded that there were 00
differences, at least for this exercise, in the ageing critena and Age Length Keys (ALK) performed in both
countries were rather similar.

The second sampIe was analysed in order to check out the problems of misinterpretation of the general structure
of the otoliths caught in the southern peninsular areas, arid of the edge of those otoliths caught in the Iniddle of
the year. This sampIe corresponded to a subset of otoliths used in the previous exchange, coming from the main
fishery area and caught at the middle of the year.

The analysis of the readings on this sampie showed that general agreement between readers was lower than in the
first one (47%). Unlike to the first sampIe, there was no significant improvement in the agreement \"hen the less
experienced readers were exc1uded from the analysis. Tbe agreement was independent of fish age. except for
those fish older than 7 years. Neveitheless, the percentage of agreement between readings varied with the
geographical area being higher in ICES Subdivision VIIIc and reaching the lowest value in Subdivision IXa C-S.
Most of the problems consisted of misinterpretation of the hyaline/opaque edge of the otoliths.
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General trends against the modal age for each reader and all age readers for. this sampie are shown in Figure
8.1.2. Tbere was a general trend to allocate the younger fish (ages 1 to 3) into older age groups, whereas the trend
was inverse for fish older than 3.

. ..
., ,.' f • .- "',' .. ' .... .1 ,.,".-, .,!

Both anaIyses showed a good consistency between readings. It was also concluded that the readings of the reader
who is responsible for the age lenith keys in Spain were the most consistent arid that there was areasonably good
agreement with those readings performed by the most exj:>erienced Ponuguese readers.

A special effort shoUId bC made in order to c1arify the groWth pattern arid the allocation of the otoÜths of the
southem areas into age groups.

Tbc Workshop issued severaI recommendations for the improvement of otolith readings:

1. Regular e~change of otolith sampies for the pUrpose of checking arid improving the precision of aIi the
readers irivolved in sardine age determination in the Ibero-Atlaritic area;

• • .. I ,

2. Monitor ariIiulus deposition patterns a10ng the entire Ibero-Atlantic area tbfoughout each year. Tbere are three
ways to achieve this task: .

b) Research sUrveys should be carried out simultaneously in the shelf areas to coiIect otolith material without
the obseUrlng effect of sardine migration;

e) Moiifuly ~amples coverlng a11 age groups should be colleeted in the different sub-divisions to monitor the
nionthly progression of the marginal increments of the otoliths. The exercise aimS at determining the exact
times of aimulus completion in the eritire distnbutional range ofthe stock;

d) Tbe irivestigation of the ring deposition patterns should be paralleled by a simuitarieous investlgation of
the reprOductive biology ofthe species which quantifies the monthly changes in the spawning activity.

3. Devetopment of an age determination guide must be developed in order to assist individuai readers with .the
correet interpretation ofthe ring deposition struetUres and to determine ages precisely. Tbe guide should have
photogrnphs whieh explicitly give the various otolith types and the suspected time of ring completion in the
various shelf regions.

4. In order to determine the origin of the different growth patterns of this species in the adjacent areas of France
and Moroceo it is reeommended to study sarnples from these countries.

5. It is strongly recommended thai the daily ring countlng technique is employed to validate the annuli of at least
the frrst few age groups. Tbe study. will also hC:1p to discrlminate between false rings arid true annuli. This
study is essential for an accUrate age determination which will aid aecurate stock assessmentniethods. It also
should be a uSeful tool to quaritify individu8.I gfoWth rate variation in juveniles and to estimate the time of
annulus deposition aecUrately, followirig the South African example (Kerstari, 1995).

, '.. - ',," ' .. '

The PrOposed recommendations necessitate continuous sampling and monitonng whieh requires adedieated
prOjeel.

Tbe Workshop also adopted a protocol with the criterla for the stalldardisation of sardine age determination and
for improvement of age estimations (ICES 19971H:7). It is also plarined that this protocol Will be complemented
with afuture gUide that will assist the otolith readers.

, ~ ,

8.2 The Fishery in 1996

Landings from Sub-Areas IV, VII, VriI, and IX were reported by Deruiiai-k. UK (England and Wales), France,
Spain and Portugal (Table 8.2.1). During 1996,9,807 tonnes were also reported in Sub-Area VII.

Table 8.2.2 shows the anriuallandirigs of sardine by Sub-area (IV-IX) and Division in 1981-1996. There was a .
decreasing trend from 1981 to 1991. In 1994 the landings increased to about 163 thousand tonnes arid in 1996
they decreased to 130 thousand tonnes. .
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In Sub-Area VII the sardine catches increased from 1,100 tonnes in 1990 to about 17 thousand tonnes in 1995,
decreasing to about 10,000 tonnes in 1996. In Sub-Area VIII, the catches have decreased since 1988 from 49,000
tonnes to about 23,000 tonnes in 1996. Concerning Sub-Area IX, where sardine catches have reached the highest
levels in this century, it is noticed that during the 1984-1996 period, they have oscillated between 179 thousand
tonnes in 1984 arid 97 thousand tonnes in 1996.

Table 8.2.3 gives the catch by country for the period 1976 to 1996 from the unit stock ~ea (Divisions VIIIc and
IXa). Since 1984 the Spanish laridings show a sharjJ decrease from about 108 thousand tonnes to 26 thoUSand
tonnes in 1996. Tbe Portuguese llmdings have oscillated between 112 thousarid tonnes in 1985 and 86 thousand
tonnes in 1996. Total landings for 1996 (111,431 tonnes) were lower than in 1995 (121,384 tonnes). Tbe
Portuguese catch decreased by around 2,061 t arid the Spanish by 7,900 t, rDainly in Division IXa. As in previous
years, about 97% of the total catch in the stock iI1 1996 was taken by the purse seine fleets fromSpain and
Portugal (Table 8.2.4). About 74% of the total catch of the stock in 1996 comes from catches made by the
Portuguese purse seine fleet off the Western coast of Portugal.

All the available catch data from 1940-1996 for these Divisions are shown in Figure 8.2. i. After aperiod of near­
stable catches of around 200,000 t during the period 1980-1985, the total catch began to decrease from 1986.
Tbe highest landings occurred in 1961 (250,000 t) and the lowest in 1949 (67,000 t), which caused a severe crisis
in both the Portuguese purse-seine fishery and Portuguese fishing induStry generally. Catches split by country in
Divisions VIIIc and IXa are shown in FigUre 8.2.2. Tbc: trend in the catches of both Portugal and Spain are quite
similar. Nevertheless, after aperiod of high catches from 1980 to 1985, the Spanish.catches show a decreasing
trend since 1987, whereas the Portuguese catches have remained quite stable at around 100,000 t per year.

Figure 8.2.3 shows the Spanish sardine landings by Division (VIric lind IXa) in 1960-1996. From this Figure it
can be concIuded that the above mentioned decreasing trend in the Spanish landings are due to a decrease in
landings in Division IXa, as in Division VIIIc they were qUite stable in that period.

Durlng 1996 the seasonal pattern of iandings by the two countnes was the same as reported in previous years
with about 61% of the annual catches being landed in the second half ofthe year (Table 8.2.4).

8.3 Distribution of the Sardine Fishery

Table 8.3.1 shows thetotal nominal catches ofsardine by quarters and areas in Divisions VIIIc and IXa in 1996.
Tbe distribution of catches in 1996 by quarter and area in Divisions VIIIc and IXa was siriülar to that in recent
years, with about 59% ofthe total catches from Sub-DiVision IXa Central North arid Central South (Table 8.3.1).
As in previous years, the catches in Division VIIIc East were the lowest. .

Sardine monthly catches in the Gulf of Cadiz (Division IXa, South of Spain) during 1978-1996 are presented in
Table 8.3.2. Tbe highest catches occurred in 1987 (8,870 t) and the 10west in 1981 (2,384 t). Tbe 1996 catches in
this area were cIose to 1986 and 1990 catch level. Pcictically all the catches came from purse-seiners (99,9%)
and were mainly undertaken in the second half of the year (70%), as in the whole stock.

8.4 Effort and Catch per Unit Effort

Table 8.4.1 gives the historical series of effort, in fishing days and the catch per unit effort (tonneslfishing day)
for four different purse seine fleets, from Spairi arid Portugal.

Tbe fishing effort of the Portuguese purse seine fleet remained at the same level during the last three years and
the CPUE shows a sIight decrease.

8.5 Fishery-IDdependent Information

Considering the shaq> decrease of sardine stock abundarice which has occurred in the last years, it was
recommended by this Working Group that the spawning biomass ofthis stock should be estimated in 1997 by the
Daily Egg Production Method (DEPM).

During spring 1997 a joint DEPM survey was undertaken by both countries in the area covering the stock
distribution and the southern part of the French coast in the Bay of Biscay (Allon. 1997). Tbis survey occi.ured
simultaneously with acoustic surveys for the esiimation of sardine stock abundance.
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Four. different ships v:ere involved: the. Spanish RN "Cornide de Saavedra" (ichthyoplankton) and RN
~'ThalaSsa'~ (acoustics) and the Porttiguese RN, "Capric6rnio" (ichthyoplankton) and RN "Noruega" (acoustics).
IPIMAR (portugal) surveyed the Gulfof Cadiz and the Portilguese coast and IEG (Spain) covered the NW-N
coast ofthe It>erian PeninsUla arid the Gulf ofBiscay (up to 45°N). The sampling of aduIl sardine was undertaken
duriIig the acoustic surveys.

8.5.1 Acoustic Surveys

The joint acoustic survey (Arion. 1997) covered the whole distribution area of the Atlantic Iberiari sardine stock.
Main goals were to determine the geographic distribution of sardine arid to investigate itS l>ehaviour and to
estirnate the sardine abUJldaßce (in nurnbers and biomass) by leriith dass and age. group. Besides, in order to
obtairi. the parameters needed for the application of Daily Egg Production Method (DEPM), to undertake
biological sampling of sardine.

The survey straiegy and the methodology foI1owedwere those adopted by the "Planmng Group for Acoustic
SurVeys in leES Sub-areas VllI arid IX" (ICES 19971H:l).

RN 'Thalassa" surveyed the northern area (Division VllIc arid Sub-Division IXa-NoIth). from i i to j 1 March
and RN "Noruega" covered the southern area (Sub-Division IXa Central-North, Central-South and South,
including the Gulf of Cadiz) from 3 to 27 March. RN ''Thalassa'' also surveyed th6 southern area of the French
continental shelf.

The acoustic survey gnds and the sardine sampling stations are shown in Figure 8.5.1. The sardine relative
abundance (Sa) distributions are shown in Figure 8.5.2.

The sardine abundance estlmaied by age ciasses are presented in Table 8.5.1. Figure 8.5.3 shows the age
distribution in percentage of the inodal value of each area of sardine by geogI-aphical area, countrY and stock.

The sardine abundande estiJiiaied for the Spanisb coast was lower than that estlmated in 1996. There was ari
abimdance increase in East Cantabric (more than 70%) arid a decrease in biomass in all the other Spanish areas in
relation to the results of the March 1996 surVeY. Age 2 was about 50% in number in E::lst Cantabnc. In West
Cantabric age 4 and in South Galicia age 1 were the most abundant.

As in previoUs years the buIic of this population is locaied in the Portuguese waters with 78% of the estiniated
total stock biomasse A general increase was obserVed in the.estiniated biomass in relation to previoUs surveys
undeftakeri in this area in February and June 1996. The most important increase was observed in the NoI-thern
West coast, ",-hieh was more tharisix times than that estimated in February 1996. The highest percentage of age 1
fish in relation to the total nurnber ofindividuals waS located in the Northem West coast (61 %) and Cadiz (50%).
On the other harid, in AIgarve only 4% of the individuals were age 1 fish. The estimaied abundance of age group
1 in this survey was much higher (more than four times the average) than that found in the February 1996 survey,
particularly in the area of Cadiz. This probably indicates that the 1996 recruitment was higher than that of 1995.

The high abundaiice of sardines (age groups I arid TI) bath in Cadiz arid in the Bast Cariiabrlan Sea and the
similar age composition of sardine in this area and in th6 coast of France, rnay indicate the existC::Dce of
preferential areas of distribution of sardines, at least in relative terms, of which there is no previous notice. This
cari be due to a change in the area of distribution of adults.

The acoustlc sUrveys results contlriue to irl<licate a decrease in the abundance of this stock since 1991 in the
nortbern part of the distribution area. These results also point, to changes in the sardine distribution and
behavioUr. Sardine distributed ver)- near the coast in weIl separated schools arid not so expanded as it was when
the stock was more abundant. Eggs showed the same coastal distribution pattern (FigUre 8.5.4).

It is rlecessary to intensify the stUdy of this resOlrrce in the French coast arid in the Gulf of Cadiz and also to
sarnple these areliS in future surveys in order to understal1d the popula.tion dynainics of sardine.

8.5.2 riaily Egg Producdon Method (DEPl\1) surveys

The assessment of this stock applying the Daiiy Egg Production Method (DEP~1> was undertaken dUrlng the
peak ofthe sardine spaWning which occurs predominaritly from November to March/April in Portuguese waters
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(Pestana, 1989; Re et aL, 1990) and in the Cantabrian sea between October and July with the highest intensity in
April-May (Perez et aZ., 1985 ; Sola et aL, 1990). Two egg surveys were carried out by PortUgal lind Spmn
covering all the spawning area from Gibraltar to Arcachon (45°N) (Aßon. 1997). Sardines were sarnpled in the
simultaneous acoustic surveys for the estimation of spawning parameters. Sea temperature and salinity were
obtained by means of CTD and the observations were recoroed.

The egg production survey design was based on the information from the previous DEPM criJises carried out by
Portugal and Spain during the years 1988 and 1990 (Cunha et aZ., 1992, Perez et aZ., 1992, Garcia et aL, 1991).

The 1997 DEPM survey was conducted in Portuguese waters from the 1-25 March arid in the Spanish and
French waters from 4 March to 2 April. In the Portuguese survey 373 plankton sampling stations with CalVET
net, spaced 7x7.5 nm apart were undertaken. In the Spanish surVey a total of 655 plankton sampling stations (3
nautical mHes distance between stations) over transects equally spaced 15 nautical mHes apart and perpendicular
to the coast wefl~ accomplished. When the sardine eggs started to appear in the Cantabrian sea the grid of
sampling stations was increased with an extra traßsect of 7x7.5 nautical miles.The eggs were collected using a
150 Jlm mesh CalVET net vertically operating in 150 m depth or 5 m above the hOttom in the shallow waters.

In the Portuguese area no sardine eggs were found in the region North of Oporto. Sardine eggs started to appear
south of Oporto although in low concentrations. There were two interruptions to the continuity of the distribution
of eggs on the continental coast ofPortugal. One was found offthe region ofNazare and the other iri front ofthe
mouth of the Tejo River(Lisbon). South of this area to the Strait of Gibraltai- sardine eggs were distributed
almost continuously over the continental shelf • The heaviest concentration was locallsed at the cape S. Vicente
(Figure 85.4).

The egg distribution found in this area agrees weIl with the adult distribution observed during the acoustic
surveys (Figures 8.5.2 and 85.4). .

The spawning area for sardine in Spanish waters in 1997 has been reduced almost exclusively to the coastal
regions, where the major concentrations of eggs are found. There are two centres of major egg concentration on
the coast of Asturias (110 eggslO.05 m2

) and the Basque Country (248 eggtO.05 m2) (Figure 85.4). This
reproductive behaviour contrasts with that observed in previous years (1988 and 1990), dUrlng which the
spawmng area was considerably more extensive, reaching oceanic waters, but With considerably lower abundance
values: 80/0.05 m2 (Perez et aL, 1989) arid 30/0.05 m2 (Garcia et aZ., 1991) (Anon. 1997, Cunha et aL, 1997).

8.5.2.1 Adult parameters

During the March 1997 acoustic survey,sardirie was sampled in order to estimate the adult parameters bythe
DEPM (W-Average weight of matUre females; F-Batch fecundity; S-Spawning fractlon and R-Sex ratio) (Anon.
1997WD).

Adult parameters were estimated by the DEPM in 1988, 1991 and 1997 by Spain and Portugal (Anon. 1997).
Those of 1997 were estimated to be W=69.72 g; F=26.4 (103 eggs); S=0.18 (day"l); R=O.52 in the Spanish area.
In the Portuguese area some of the estimated parameters are still provisiorial as they are based on the results of
the DEPM llOdertaken in March 1988 (Cunha er az., 1997 WD). Their values are W=41.96 g; F=15.4 (103 eggs);
S=O.13 (day·J); R=O.57. .. ,

8.6 Length CompositioDS by Fleet and by Country

In 1996 the quarterlyand annual catch length compositions by fleet were provided by UK (England and Wales)
in Division VIIe (Table 8.6.1), Portugal and Spain in Divisions VIIIc and IXa (Tables 8.6.2 arid 8.6.3). Table
8.6.3 shows the purse seine quarterly catch length composition.from Gulf of Cadiz (Spain, IXa-South).

As in previous years, the largest fish were caught in the northernmost Divisions VllIc and VIle.

8.7 Catch in Number at Age

Based on data submitted by Working Group members, the 1996 catch in number at age data were compiled by
quarter and sub-divisions ofDivisions VIIIc lind IXa (Table 8.10.1).
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The portuguese data (caich in mimber,lellgth composition, age lengthlkey) were collected on,a quarterly basis by
sub-division. The Spanish data were collected on a qUarterly basis, using the lenith coxnposition by quarter and
the two half year agellenith keys. .

The i996 catches of ci gfOUP fish were notably higher than those hi 1995, increasing from 30.5 million to 276.9
inillion fish.The oldest ages (above age gfOUP 6) mainly occurred in the caiches of Division VIIIc, especially in
the EaStern part (Table 8.7.1).

Tbe aIuiuat catch in number at age for the period i977 to 1996 is presented in Table 8.10.1. Age group 4 was
dominant in the 1996 catches,while age group 3 dominated in 1995, confmning the goOd recruitment of 1992
and the non occurrence of good recruitments since that year.

'". .- .\ -, ..
8.8 Mean Length at Age and Mean Weight at Age
I"' ,

The 1996 mean lengths and mean weight at age in the catches by quarterwere provided by Spahi (Division VIIIc
East, West and DiVision IXa North) and Portugal (DiVision IXa Central-North, Central-South arid South) (Tables
8.8.1 and 8.10.1). The rnean values wen: based on Spanish and Poituguese biological sampling.

iable 8.10.1 also shows the mean weights atage in the catch and in the stock for the period 1976-1996. Tbe
mean weights at age in the stock have heen calcUIated from commercial sampling during the period DecembCr
1995-January 1996.

•• ~,

8.9 Matuiity at Age

.e

The ~turityogive for 1996 (Table 8.10.1) was based on the fourth and first quarters data frorn Portuguese and
Sparush biologicat sampling. From 1,294 fish examined 1,218 were mature. Tbe percentage of mature fish at age
1 iiicreased in the last years (1994-1996).

8.1Ö StoCk AsseSSment

Tbe avaiiable data for fitting the assessment mOdel are given in Table 8.10.1. AS in previous yearS avalue oe
M=O.33 was used for all ages and a11 the years and the proportion of M and F before spaWning Was iaken to be
0.25.

Tbe fishery independent data used in this model comes from the Spanish Spring surveys. (1988-1997) and
PortugUese Spring acoustic surveys (1986-1997) which are shown in the Same Table 8.10.1. Moreover, the Gulf
of Cadiz Spring acousiic index, from 1995 until 1997 is also available.

Tbe model, which was already used and explained in the 1995 assessment (ICES 1995/Assess:2), was
constructed using the usuaI separable model assumptions, but in addition:

Populations were fitted from ages 0 to 11, with the assumption of negligible catches between ages 6 and
11.
Age-disaggregated acoustic surveys by Portugal and Spain were includoo in the fit ,
Cateh at age observations from ages 0 to 5 in a1l years were included in the fit, but also observations at
age 6 from 1989 onwaros, on account ofadesaggregation of plus group.
Catch at age observations at other lelei in the matrix were replacoo with arbitrary low values and
assigned a very small weight in the analysis.
Acoustic surVeys were assumed to provide a proportionate index of stOCk aburidance.

This model assurnes the differential age pattern strUcture which was already described in leES <1995/Assess:2)
and provides for the emigration of fish from the main catching area.

Relative weights were set to 0.5 for age 0 and 1 for age i to all reat catch-at-age observations..For ages between
the last real age in the catch at age matrix, an arbitrary catch value of 1 nullion fish was used but was down-
weighted by assigning correspondirig lambda values to 0.01. . ' .

In order to check whether if the indusion of the Gulf of CaeÜi acoustic surveys as a new index cöuld improve the
assessment, a preliminary ron was peiformed itsing the tMee fleetS. The assessment using the thl-ee fleet indices
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gave similar results to that perfonned with that made. with only the two fleeis (Spanish and Portuguese spring
surveys). As the fishery information from the Gulf of Cadiz wäS neither inc1uded in the catch at age matrix nor in
the tota1landings, the Working Group decided to be consistent with the previoUs assessments lind, therefore, keep
the same input data to those used in the last assessment.

Parameter estimates and fitted populations are given in Table 8.10.1 and are illustrated in Figure 8.IO.1a), b) and
c). Age residuals are low except for age 7 whereas year residuals appear positive over the last six years.
Catchabilities of index 1 (Spanish acoustic surveys) agree quite weIl with the fitted linear mOdel except for age
groups 7 to 9. For the same index, the predictions for the stock size, age groups 1 to 4 gave expected values
which are different from those of the population, whereas the older age group fitted better. On the contrary, the
index prediction for the Portuguese acoustic surveys (index 2), match better for the younger age groups, in spite
of the fact that the catchabilities seem to fit worse to the linear model than those of the index 1. This pattern in
the stock numbers and the index predictions agree with the general knowledge of this stock, whose younger age
groups are mainly distributed in the Portuguese \.vaters arid the older ones are located in the Cantabrian sea. The
combination of both indices give a good perception of the dynamic of this stock. .

Age 7 residuals seem to be related to the fact that in previous years age group 6 was taken as a plus group and
their catehes in the catch-at-age matrix are slightly higher than the tnie value. Ai. in the last assessment,
confidence intervals for both fishing moitaIity and exploitation pattern are high and these may be explained for
the level of residuals. Nevertheless, results obtained last year, compared with those estimated by this assessment
are quite similar and theyare shown in Figure 8.10.2. Trends in the overall population are similar and esiimates
of recruitment are almost the same. Fbar(2_S) series appear to be lower than those esiimated the last year but the
trend is similar. From this assessment, since 1991 Fbar(2'S) varies around OS. Estimated SSB follows a decline •
trend since 1985, with a slight recovery from 1991 to 1993. Estimated value for 1996 is the lowest in the time
series.

8.11 Recmitment

The recruitment index is also shown in Figure 8.10.2. Tbe estimated recruitments at age 0 show a decreasing
trend since 1983 and the series of lower recruitrnents from 1993 to 1995 seems to be confumed. Moreover, the
estimated value for 1995 is the lowest recruitrnent in the time series. Tbe recruitmens of 1991 arid 1992 seeni to
be reasonably good and their strenith, compared with that of the forthcoming ones, seems to be reflected in the
change of the exploitation pattern in the fishery. From Carrera (1997, WO), taking into account the level of
catches of Q-group in Vigo harbour, the predicted reCiuitrnent value for 1996, which is around 5 thousand inillion
fish, seems to be correct. The acoustie surveys performed this year in March agree with this value.

8.12 Catch PredictiODs

As in the last assessment, the catch forecasts have been perfonned for different scenaiios. For short term
predictions two levels of fixed recruitment have been chosen, the historical geometrie mean of the last ten year's
recruitment as an intennediate value and the geometrie mean of the three poorest recruitment in the time series,
as a pessimistie scenario. These valties are 4901 and 2004 million fish respectively. •

The input data for the short term deterministlc catch foreeasts are given in Tables 8.i3.1a and b, assuming two
different levels of constant recruitment. Besides, the F values were calculated using the mean F for the last six
years. A terminal population obtained from the assessment with the mOdifi6d reeruitment value was. used as
starting population on 1st January 1997. Mean eatch weights, stock weights arid maturity at age over the period
1991-1996 were used.

Tables 8.13.2a arid b summarizes the predictions earrled out for the period 1997-1999. For Fsq. predicted catch at
a low level of recruitment Win be about 64,000 t in both 1997 and 1998. For a higher recruitment, the eatches
will be about 67,000 t in 1997 and 77,000 t in 1998. In the frrst case the spawning stock biomass will decrease
from 161,000 i in 1996 to 150,000 t at the beginning of 1999, whereas in the seeond case SSB will increase up to
237,000 t on January 1999.

8.13 Sbort-Term and Medium-Tenn Risk Analysis

Short-tenn and medium-term stock projection with varianee estimates were computed using ICPROJ version 2.0
arid VPRO (Pattersön, WO 1995). Tbe analysis was based on the results of the assessment described in Section
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8.10. All input data at age were disaggregated up to 11 years.oid. FOrthcoming recruitments were estimated. by
fitting a Beverton & Holt Stock-Recruitment relationship with autocorrelated errors. Fitted model and their
residuals are shown in FigUre 8.13.1. As it was pointed out in the last working group there are several potential
somces of vanability in recruitment, especially in pelagic species of short-medium life cycle, such as migration
patterns, oceanographic and climatic conditions, but ror this stock part of the variability on recruitment levels
appears to be explained hy the variability found in the stock size. In addition, this relationship would give a more
realistie scenario. than the assumption of fixed geometrie mean recruitInent or a fixed low value. Moreover, the
forthcoming predicted recruitment from this model at Fsq ranged from 3360 to 2000 inillions fish which are
slightly higher than the geometrie mean value of the three paorest recruitment

Tbe projections were performed under differentscenariosof fishing mortality. In short tenn, FmultipÜersof
0.001, 0.4, 0.8, I, 1.4, 1.8 and 2 of Fsq have been camed out over four years. Figm-e 8.13.2 represents the
expected median SSB along this time series fOf the different scenanos. Only for F values lower thari 0.8 of that of
1997 the expected SSB will inerease after four years. Values higher than 0.8 will definitively fall the SSB. Tbe
same perception is seen when the expected SSB are coinpared with the size of SSB who gave the last good
recruitment which was around 240,000 tonnes. In this case, the probability of SSB falling below this vaIue, which
is shown in Figure 8.13.3, is higher than 50% for F values higher than 0.7 ofthat of 1997.

In mediUni term projectlons, simulation was performed Cor 0.4 of the Fb"r and fOf increasing exploitation level
from 0.6, 0.8 and 1. Percentiles of 5, 25, 75 and 95 of totallandings, fishing mortality, recruitml:mt and stock size
for each exploitation level are shown in Figure 8.13.4. Scenarios with a Fbar(2-S) higher than 0.4 times of that of
1996 gave a low probability ofrecovery the stock. Trends in laridings are similar, with an expected decreasing in
landings for exploitation pattern higher thari 0.6 of Fbar(2_S) in 1996:

Tbe Beverton & Hoit stock-recruitinent fuiictlon felates the recruitment to the declining spaWning stock biomaSs.
Tbis haS still Uncertainties but probably it is more realistie than assuming eonstant recruitment which would give
a different trend in both Stock size and Fishing mortaIity. Coinpanng these medium term predictions made this
year with those from last year, reveals that the perception of the futUre development of this stock is very senSitive
of the input of prediction from the assessment, and the resultS from these two year's predictions are quite
different. Therefore, the medium-term predictions should be considered highly uncertain.

8.14 Long-Term Yield

Yield per recruit has been j>erformed for 2004 and 4901 million fish as recruitineni values. Inputvalues are
shoWn in Table 8.14.1. Long-term trends in yield per recruit and spawning stock bioinass againstthe average
fishing mortalit)r (ages 2-5) are given in Table 8.14.2 a,b arid Figtire 8.14.1a,b. Because recruitInent is likely to
be dependenton stock size, management considerations should not be dependent on yield per recruit calculation.
Tbis deterministic projections agree quite weil with the unage done by stochaStie projections made at short- and
medium-tenn.

8.15 Comments on the Assessment

e Tbe principal cause fOf ~oncern in the assessmentof this stock is the declining stock size lind the shrinking of the
area of distribution. In addition during the last two yem there is a change in the exploitation pattern in both
Portuguese and Spanish fisheries. Historic3Jly, the Portuguese fishery was supported Inainly by yoting fish (age
groups 0, 1 lind 2) whereas the Spanish fishery was supported by older fish (Porteiro et al., 1986, Anon. 1989,
Porteiro et aI., 1993, Dias et al., WD '1996). Nevertheless in 1995 and 1996 the Portuguese fishery was
supported by sardines older than 3 years; in addition the proportion of sardines older than 7 years has also
decreased in the Spanish catch at age. The same pattern can be observed from the Spanish and Portuguese
acousiic sUrVeys camed out in Spnng. Tbis phenomenon could be the result of aseries of low recruitinents in
recent years whereas the lack of older säi-dines could be also related to a change in the distribution area.

Rec~itnieni predictions made usirig the fitted Beverton & Holt relatlonship are considered the most appropriate
ones for management purposes at present. As is poinied out in Section 8.13, this model assumes a further decline
in the recruitmeni due to the declining spawning stock biomass, giving a low probability of recovery. Moreover,
it does no take into accoimt the influence ofthe environmental conditions.

, j • " !

Tbe Atlantic Iberian waters suffered a temperature increase during the last years (Lavin et aI. 1996, Dias et al.
1996). This increase can also be noiiced from the analysis of the temperaiure data from the penod 1988-1997
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(Anon. 1997). The intensification of frequericy of the northerri winds during winter implies the offshore larval
transportation away from favoUrable feeding areas and increasing their mortality (Dias, 1994).

These hydroclimatic changes may have a negative influence on. the larval survival., reflecting in a failure of the
recruitment which added to a high and continuous exploitation have caused the decrease of the spawning stock
biomass. These could have also been the cause of the changes iri the species distribution area. There is a major
occurrence of age II in the margin areas of the stock (East Cantabrian and French waters). The same situation is
found in the Gulf of Cadiz. . .

Nevertheless the stochastic prediction includes uncertainty in the stock-recruitment model and hence, 5% and
95% percentiles for each scenario gave an idea ofthe total variability.

8.16 Refe..ence Points ror :Management Pui-poses

This stock has been declining steadily over many years, both in terms of biomass and of recruitment. It is not
clear to what extent the decline in recruitrnent is due to reduction of the biomass, or that recruitment has dec1ined
from other reasons. The relationship betWeen SSB and recruitment appears to be almost linear (Figure 8.16.1),
with an intercept not far above the origin. If this is representative of the stock dynamics in the range in question,
the stock-recruiunent relation will be almost pafaJ.lel to areplacement line, corresporiding to a fishing moi:taliiy
representing the transition between further deterioration of the stock and rebuilding of the stock. .

Furthermore, the selection pattern is very uncertain for this stock, both because different fleets exploit different
ages, and because migrations may inf1uence the accessibility of sardine for. the various fleets. How this will
influence the perception of the stock-recruit relationship has not been investigaied at this meeting.

Because the stock-recruitment relation is almost linear, there is nothing to suggest a certain level where the
recruitmcmt would start to decline. Hence, it is not possible to define a Blim, and management advise has to be
related to other references.

The fishing mortality corresponding to the slope ofthe stock-recruitment curve would represent Fcrasb, which is an
obvious candidate for Fn.;.. This fishing moi:taIity is estimated at 0.34. Figure.8.16.2 shows the development of
the stock and the catch in the SSB-catch plane, and how this relates to the Y/SSB ratio corresponding to F=O.34.
With the exception ef a few years with good incoming year classes, the trend has been declining both in SSB lind
Catch and the trajectory is weIl above the Fm;; line. .

The immediate need for rebuilding the stock caiIs for areduction of F below Flim• Even if an F of 0.34 on average
would stabilize the SSB at the recent level, a far lower F is needed to ensure a proper rebuilding of the stock. A
possible alternative is to use halfthis F, Le. 0.17. .

Future targets for rebuilding the stock are less obvious. The Fo.t of 0.55 is c1early not appropnate for this stock, •
being far above Fcrash• A possible choice of Bpa would be the stock size when the stock apparently was stable and
the fishing mortality below the Flim• Accolding to the present assessment, this would be around 600,000 tonnes. A e
suggestion for Fpa would be F correspending to the replacement line through 600,000 tennes SSB and the
geometrie mean recruitment in the years before the stock started to decline. The assessment is quite uncertain for
this period, however, due to the discrepancy beiween the separable fishing pattern and that generated by the
VPA. Also, since work on the relationship between stock dynamics and climatic changes is in progress, arid since
the present need is a further reduction of F, definitive estimates of these reference points for the situation where
the stock has recovered may be postponed.

Sincework on this aspect is in progress, and the immediate need is to reduce the fishing mortality, further .
specification offuture targetS are postponed for the time being. .
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Table 8.2.1 - Landings (tonnes) of SARDINE by country (Data provided by the Wolking Group members)

SARDINE VII

COUNTRY 1981 1982 1983 1984 1985 1986 1987 1988

Denmar1c

France 1,124 907 803 809 2,089 2,570 965 2,586
. UK (Eng.& Wales)

TOTAL 1,124 907 803 809 2,089 2,570 965 2,586

COUNTRY 1989 1990 1991 1992 1993 1994 1995 1996

Denmar1c 17,843 17,327 10,068 2,921
France 1,141 1,107 1,957 1,769 585 272
UK (Eng.& Wales) 3,011 4,494 4,917 2,061 6,852 6,886
Netherlands 42

TOTAL 1,141 1,107 4,968 24,148 5,502 19,660 16,920 9,807

SARDINE VIII

COUNTRY 1981 1982 1983 1984 1985 1986 1987 1988

France 9,676 5,928 6,467 4.491 8,169 10,229 7,708 7,808
Spain 33,550 31,756 32,374 27,970 25,907 39,195 36,377 40,944
UK (Eng.& Wales)

TOTAL 43,226 37,684 38,841 32,461 34,076 49,424 44,085 48,752

COUNTRY 1989 1990 1991 1992 1993 1994 1995 1996

France 8,976 8,485 9.637 8,713 5,329 7,283 8,706
Spain 29.856 27,500 20,735 26,160 24,486 22,181 19,538 14,423
UK (Eng.& Wales) 1

TOTAL 38,832 35,985 30,372 34,874 29,815 29,464 19,538 23,129

"

SARDINE IX

COUNTRY 1975 1976 1977 1978 1979 1980 1981 1982

Portugal 95,877 79,649 79,819 86,553 91,294 106,302 113,253 100,859

Spain 12,236 10,140 9,782 12,915 43,876 49,593 65,330 71,889

TOTAL 108,113 89,789 89,601 99,468 135,170 155,895 178,583 172,748

COUNTRY 1983 1984 1985 1986 1987 1988 1989 1990

Portugal 85,922 95,110 111,709 103,451 90,214 93,591 91,091 92,404
Spain 62,843 79,606 66,491 37,960 42,234 24,005 16,179 19,253

TOTAL 148.765 174,716 178,200 141,411 132,448 117,596 107,270 111,657

COUNTRY 1991 1992 1993 1994 1995 1996

Portugal 92,638 83,315 90,404 94,468 87,818 85,757
Spain 14,383 16,579 23,905 16,151 13,928 11,251

TOTAL 107,021 99,894 114,309 110,619 101,746 97,008
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Table 8.2.2 - Annuallandings (tonnes) of SARDINE by Division and Sub-area

DIVISION 1981 1982 1983 1984 1985 1986 1987 1988

Vlld 172 59 211 147 465 512 67 29
Vlle 952 828 590 661 1,624 2,058 682 438
Vllf 20
VlIg 1
Vllh 2 216 2,119

total VII 1,124 907 803 809 2,089 2,570 965 2,586

Villa 8,482 5,928 6,013 4,472 8,090 10,186 7,631 7,nO
Vlllb 1,194 454 19 79 n n 38
Vlllc 35,550 31,756 32,374 27,970 25,907 39,195 36,3n 40,944
Vllld

total VIII 45,226 37,684 38,841 32,461 34,076 49,458 44,085 48,752

IXa 178,583 172,748 148,765 174,716 178,200 141,411 132,448 117,596

TOTAL YEAR 224,933 211,339 188,409 207,986 214,365 193,439 1n,498 168,934

DIVISION 1989 1990 1991 1992 1993 1994 1995 1996

IVc 8 19 0

Via
Vlb 49 24

Vlld 93 64 170 153 127 2,086 1,621 179
Vlle 91 808 4,687 19,299 5,298 20,985 13,787 8,278
Vllf 336 6 0
VlIg 0 0
Vllh 957 235 110 4 71 1,439 1,350
Vllj 0

total VII 1,141 1,107 4,968 19,793 5,502 23,071 16.846 9.807

Villa 8,885 8,381 9,113 8,565 4,703 7,164 8,180
Villb 85 104 482 141 548 119 526
Vlllc 29,862 27,500 20,735 26,166 24,486 22,181 19,538 14,423
Vllld 42 2 78 0

total VIII 38,832 35,985 30,372 34,874 29,815 29,464 19,538 23,129

IXa 107,270 111,657 107,021 99,894 114,309 110,619 101,746 97,008

TOTAL YEAR 147,243 148,749 142,361 154,569 149,645 163,154 138,130 129,944

Sub-area VII-198H990 only French data was available
(a) -In Div Vlle,.1992 17,507t were caught by Denmark
(-) Unknown catches
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Table 8.2.3 - Annuallandings (t) of SARDINE in Divisions Vlllc and IXa by country.

141,690 125,750 139,990 153,441 191,682 214,133 204,504•

COUNTRY

Portugal

Spain

Total

1976

79,649

62,041

1977

79,819

45,931

1978

83,553

56,437

1979

91,294

62,147

1980 1981

106,302 113,253

85,380 100,880

1982

100,859

103,645

COUNTRY

Portugal

Spain

Total

COUNTRY

1983 1984 1985 1986 1987 1988 1989

85,922 95,110 111,709 103,451 90,214 93,591 91,091

95,217 107,576 92,398 77,155 78,611 64,949 46,035

181,139 202,686 204,107 180,606 168,825 158,540 137,126

1990 1991 1992 1993 1994 1995 1996

Portugal

Spain

Total

(1) Discards included

e:\acfm\wgmhsa98\T-823.xls

92,404 92,638(1) 83,315 90,404

46,753 35,118 42,739 48,391

139,157 127,756 126,054 138,795

233

94,468 87,818

38,332 33,566

132,800 121,384

85,757

25,674

111,431



Table 8.2.4 - SARDINE (VIIIC+IXa). Quarterly catches (t) by gear
by country and fleets in 1996 (Provided by
the WG members)

Country/Quarter 1st Q 2ndQ 3rdQ 4thQ Year

Total 18,565 25,340 38,801 28,725 111,431

Spain (Vlllc+IXa): 6,936 7,698 7,156 3,883 25,674
Purse seine

Portugal (IXa): 11,629 17,642 31,645 24,842 85,757

Purse-seine 11,059 17,273 30,893 23,728 82,953
Artisanal 186 198 604 196 1,183
Trawl 384 171 148 919 1,622

Table 8.3.1 - SARDINE (VIIIC+IXa). Total nominal catches (t) by
quarter and areas of Divisions Vlllc and IXa during 1996

Area 1st Q 2ndQ 3rdQ 4th Q Total 1996

Vlllc East 2,622 859 1,360 997 5,838
Vlllc West 1,493 2,865 2,734 1,493 8,585
IXa North 2,821 3,975 3,063 1,393 11,251
IXa Central·North 988 6,002 15,275 12,496 34,762
IXa Central-South 6,505 7,185 9,646 7,781 31,117
IXa South (>7224') 4,136 4,454 6,723 4,565 19,878

Total 18,565 25,340 38,801 28,725 111,431
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Table 8.3.2 ·1978·1996: Sardine monthly catches (tonnes) in Division IXa-South, Gutf of Cadlz (Spain)

Year/Month Jan Feb Mar Apr May Jun Jul Aug Sep Oet Nov Dee Total
1978 304 474 254 506 663 403 335 431 501 938 389 421 5,619
1979 620 439 243 54 164 250 373 470 420 326 281 159 3,800
1980 394 155 238 113 174 125 377 329 347 447 283 137 3,120
1981 139 220 134 45 130 84 97 451 227 498 125 237 2,384
1982 294 203 131 66 22 185 228 123 329 417 332 114 2,442
1983 152 83 250 253 183 159 123 428 300 294 319 143 2,688
1984 554 367 348 273 387 136 85 119 289 545 179 38 3,319
1985 274 162 331 274 125 107 322 686 506 712 681 152 4,333
1986 493 863 264 58 212 433 393 898 962 1,084 590 507 6,757
1987 790 703 415 235 200 266 545 806 1,018 1,851 1,111 931 8,870
1988 34 52 274 331 100 130 143 265 317 610 615 120 2,990
1989 51 39 673 274 299 319 395 476 506 564 188 52 3,835
1990 244 1,166 530 191 298 404 350 588 650 794 1,189 98 6,503
1991 49 107 347 371 425 444 356 574 481 637 868 175 4,834
1992 325 218 509 435 417 374 173 432 608 383 236 87 4,196
1993 262 201 617 486 362 152 74 122 415 291 521 163 3,664
1994 299 302 243 362 330 257 353 283 336 500 343 173 3,782
1995 904 781 924 244 120 72 84 235 119 158 160 193 3,996IV 1996 202 241 169 454 206 343 291 515 469 1,140 842 433 5,304w

VI
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Table 8.4.1 - SARDINE (Divisions Vllic + IXa). Effort (fishing day) and CPUE (ton/fishing day) series in commercial fisheries (P. seine)

Spain Portugal
YEAR Vlllc East(Santona) Vlllc West (Sada) IXa N(Vigo+Rivelra) IXa Central+South

f-day tlf day f-day tlfday f-day tlfday f-day tlf day f-No.boat tlboat

1982 7,685 4.87 184 340
1983 7,867 4.01 196 312
1984 8,369 4.65 192 329
1985 5,731 4.86 192 527
1986 3,541 4.23 198 517
1987 4,455 2.07 4,099 4.71 196 437
1988 4,192 2.34 3,601 2.75 22,080 3.91 180 495
1989 314 4.10 4,008 1.95 3,059 2.45 21,432 3.93 223 383
1990 389 3.65 3,465 1.55 3,488 2.80 25,740 3.50 221 394
1991 394 3.13 2,891 0.93 3,279 2.44 21,798 3.56 206 377
1992 570 1.63 2,619 1.42 3,790 2.44 26,418 2.97 206 381
1993 498 1.70 2,054 2.07 4,758 2.66 24,678 3.43 180 470
1994 274 4.00 2,029 2.03 4,452 2.28 21,896 4.15 148 614
1995 459 4.08 . 1,580 2.05 3,911 2.43 20,132 4.14 141 590
1996 297 2.78 1,346 1.97 1,654 4.46 21,294 3.70 148 538
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Table 8.5.1 - Sardine joint acoustic survey - March 1997. Numbers (millions),
biornass (t), rnean length (ern) and weight (g) by age groups.

(Vlllc-E)
EAST CANTABRIAN

AgeGroup No Biomass Mean length Mean weight
I 19 729 16,6 37,0
11 246 14987 19,8 60,7
111 96 7065 21,2 73,6
IV 85 6775 21,8 79,1
V 42 3595 22,4 85,9
VI 22 1959 22,7 88,7
VII 6 561 23,6 98,6
VIII 5 515 24,0 104,1
IX 0 36 23,8 100,8
X
XI

TOTAL 521 36222

(Vlllc-W)
WEST CANTABRIAN

AgeGroup No Biomass Mean length Mean weight
I 1 27 17,6 43,4
11 4 246 19,7 60,1
111 12 946 21,6 77,8
IV 21 1657 21,9 79,9
V 10 825 22,3 84,8
VI 7 629 22,7 88,3
VII 4 319 22,6 88,0
VIII 1 119 24,1 104,4
IX 37 24,3 106,8
X
XI

TOTAL 59 4806

(IXa-N)
SOUTH GALICIA

Age Group No Biomass Mean length Mean weight
I 36 1100 15,3 29,7
11 13 713 19,3 56,1

111 18 1331 21,1 72,6
IV 17 1357 21,8 79,7
V 14 1190 22,4 85,7
VI 9 838 22,9 90,6
VII 3 300 23,0 92,3
VIII 1 143 24,1 104,6
IX 3 373 24,3 106,8
X
XI

TOTAL 115 7345
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Table 8.5.1 • (Cont'd)

IXa C·N
AgeGroup No Biomass Average AverageWei

Length ght

I 2791 62575 14.4 22.4
11 234 9981 18.0 42.7
111 736 37076 19.1 50.4
IV 536 33137 20.4 61.9
V 263 18817 21.4 71.4
VI - - - -

TOTAL 4560 161586

IXa C-S
AgeGroup No Biomass Average AverageWei

Length ght

I 1397 38363 15.5 27.5
11 1393 .. 44481 16.3 31.9

111 464 22563 18.9 48.7
IV 707 41870 20.1 59.2
V 723 46695 20.7 64.6
VI 110 8159 21.7 73.8

TOTAL 4794 202131

AI IX S thIgarve - a ou
Age Group No Biomass Average AverageWei

Length ght

I 111 2340 14.2 21.1
11 810 26273 16.5 32.4

111 355 16685 18.6 47.0
IV 482 26467 19.6 54.9
V 850 50922 20.2 59.9
VI 129 8903 21.2 68.9

. TOTAL 2737 131590

Cadiz (Espafia) -IXa South
AgeGroup No Biomass Average Average

Length Weight

I 2033 56704 15.6 27.9
11 1627 52399 16.4 32.2

111 319 14782 18.5 46.3
IV 58 3367 20.0 57.6
V 16 1139 21.3 69.2

TOTAL 4054 128391

•
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Table 8.5.1 • (Cont'd)

Stock (VIllc+IXa) (without Cadiz)
AgeGroup No Biomass Average Average

Length Weight

I 4355 105134
11 2700 96681
111 1681 85666
IV 1848 111263
V 1902 122044
VI 277 20488
VII 13 1180
VIII 7 777
IX 3 446
X
XI

TOTAL 12786 543679

FRANCE
Age Group No Biomass Mean length Mean weight

I 67 2704 17,7 40,3
11 1649 88320 19,4 53,4

111 426 31285 21,4 73,0
IV 666 51603 21,8 77,2
V 271 23035 22,5 84,5
VI 239 23840 23,7 98,8
VII 67 6732 23,8 100,6
VIII 42 4494 24,3 106,6
IX 7 643 23,3 93,5
X 51 5859 24,9 115,1
XI

TOTAL 3485 238514

(Without Cadiz)
SPAIN

Age Group No Biomass Mean length Mean weight
I 56 1855 15,8 32,3

11 263 15945 19,8 60,5
111 126 9342 21,3 73,9
IV 123 9789 21,8 79,3
V 65 5610 22,4 85,7
VI 38 3427 22,7 89,1
VII 13 1180 23,2 93,9
VIII 7 776 24,0 104,2
IX 4 446 24,2 106,3
X
XI

TOTAL 696 48372
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Table 8.5.1 - (Cont'd)

PORTUGAL
AgeGroup No Biomass Average Average

Length Weight

I 4056 97387 14.7 24.0
11 2625 84157 16.3 32.1

111 1552 75846 18.9 48.9
IV 1768 103090 20.0 58.3
V 1810 114653 20.6 63.3
VI 280 20174 21.5 71.9

TOTAL 12092 495307
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Table 8.6.1 - SARDINE in Division Vlle. Catch length distribution ('000 fish)
from trawl fishery (England and Walles) during 1996

•

ENGLAND & WALLES
L 1stQ 2ndQ 3rdQ 4thQ TOTAL

(cm)
6
7
8
9
10
11
12
13
14
15
16
17 368 368
18 592 592
19 1,ITO 102 1,871
20 2,655 1,061 3,716
21 1,390 3,548 4,939
22 3,699 4,761 8,460
23 8,338 4,541 12,880
24 11,040 3,797 14,837
25 7,261 1,755 9,016
26 1,624 367 1,991
27 497 147 644
28 140 140
29
30
31
32
33
34
35
36
37
38
39
40

TOTAL 39,375 0 0 20,078 59,453
Fish measured 517 228 745
No.of sampies 4 2 6
No.aged 0 0 0

Catch(t) - Vlle 4,635 3 9 1,796 6,443
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Table 8.6.2 • SARDINE In Divisions Vlllc and IXa. Purse seine catch length distribution ('000 fish) by country, Division and quarter In 1996

QUARTER 1 QUARTER 2 QUARTER 3 QUARTER 4 YEAR 1995
L Portugal Spaln Spaln Portugal Spaln Spaln Portugal Spaln Spaln Portugal Spaln Spaln Portugal Spaln .• Spaln L

(cm) IXa IXa Vlllc TOTAL IXa IXa Vlllc TOTAL IXa IXa Vlllc TOTAL IXa IXa Vlllc TOTAL IXa IXa Vlllc TOTAL lcm)
6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6

6.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6.5
7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O' 7

7.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7.5
8 0 0 0 0 0 0 0 O. 0 0 0 0 0 0 0 0 0 0 0 0 8

8.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0, 8.5
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9

9.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9.5
10 24 0 0 24 0 0 0 0 0 2 0 2 893 0 0 893 917' 2 0 920 10

10.5 0 0 0 0 0 0 0 0 422' 18 0 440 2,978 0 0 2,978 3,400 18 0 3,418 . 10.5
11 71 0 0 71 507 0 0 507 2,516 311 7 2,834 3,750 18 0 3,768 6,644 328 7 7,180 11

11.5 48 0 0 48 • 489 0 0 489 7,526 289 44 7,859 5,849 27 30 5,906 13,912 316 74 14,302 11.5
12 62 0 1 62 412 0 0 412 20,336 771 355 21,461 10,778 80 125 10,982 31,587 850 480 32,917 12

12.5 26 o . 3 29 227 4 0 231 20,379 790 740 21,909 12,028 62 246 12,336 32,660 852 989 34,501 12.5
13 213 0 9 222 919 '. 4 0 923 18,434 641 534 19,610 9,574 43 190 9,807 29,140 684 734 30,558 13

13.5 73 5 16 94 2,124 0 17 2,141 15,877 335 474 16,686 I·· 8,144 95 146 8,385 , 26,219 451 653 27,323 13.5
14 358 15 11 384 ' 3,014 0 0 3,014 7,378 625 316 8,317 9,976 231 65 10,272 20,724 870 392 21,986 . 14

14.5 ' 578 22 9 609 1,550 0 59 1,609 5,435 938 200 6,573 10,784 525 27 11,336 18,347 1,544 295 20,186 .• 14.5
15 1,062 133 4 1,199 1,442 0 157 1,599 2,868 970 99 3,936 16,087 802 20 16,909 21,459 2,062 280 23,801 15

15.5 816 379 5 1,201 1,533 0 206 1,738 .' 834 645 33 1,512 14,643 767 7' 15,417 . 17,826 1,997 251 20,074 15.5
16 820 394 14 1,228 1,922 4 436 2,362 513 649 48 1,210 10,455 543 30 11,028 13,710 2,022 529 16,261 16

16.5 976 517 22 1,514 3,595 22 649 4,266 1,156 268 31 1,455 4,499 198 32 4,729 10,226 1,632 734 12,592 16.5
17 2,382 987 25 3,394 \ 5,591 60 906 6,557 '. 2,572 194 4 2,770 8,407 103 9 8,518 18,952 2,190 944 22,086 17

17.5 5,909 843 48 6,801 13,752 128 1,112 14,992 15,545 117 12 15,675 7,462 94 54 7,611 42,669, 2,167 1,227' 46,063 • 17.5
18 14,421 2,113 786 17,322 . 26,429 1,085 1,397 28,911 37,436 543 23 38,001 20,578 134 34 20,746 I, 98,863 4,187 2,241' 105,291 18

18.5 21,390 2,372 641 24,403 • 52,700, 2,076 1,114 55,890 74,626 1,367 103. 76,097 39,533 241 224 39,998 188,249 5,093 2,083 195,425 18.5
19 38,154 3,189' 1,191 42,534 57,924 5,301 869 64,094 91,570 3,886 347 95,803 30,439 338 383 31.160 218,087 8,282 2,790 229,159 , 19

19.5 30,607 4,243 2,009 36,859 55,339 7,618 1,089 64,045 88,009 5,371 903 94,282 60,549 495 606 61,650 '. 234,503 11,197 4,607 250,307 19.5
20 39,427 5,865 4,641 49,933 42,435 12,400 2,197 57,032 68,999 , 6,726 1,692 77,417 45,588 1,342 921 47,851 ' 196,449 16,131 9,451 222,031 20

20.5 • 23,855 5,693 6,922 36,470 24,228 9,435 4,348 38,011 40,820 5,155 2,964 48,938 ' 49,466 943 1,448 51,857 138,368 16,138 15,681 170,188 • 20.5
21 13,693 5,869 10,054 29,616 13,201 6,286 7.121 26,608 22,530 . 5,367 6,304 34,201 . 27,966 1,767 2,713 32,446 77,391 20,124 26,192 123,707 21

21.5 ' 4,163 3,520 11,246 18,949 5,602 3,960 9,660 19,222 ' 11,072 3,800 10,055 24,927 15,343 2,014 4,191 21.549 38,201 18,994 35,152 90,347 21.5
22 1,807 4,659 8,227 14,693 1,512 3,187 7,522 12,221 3,312 2,835 9,862 16,009 10,755 2,546 5,674' 18,974 . 17,386 17,561 31,285 66,232 22

22.5 422 1,642 4,976 7,040 784 749 4,791 6,324 881 1,578 6,434 8,893 3,047 2,260 4,312 9,620 5,134 10,272 20,513 35,919 • 22.5
23 101 619 2,156 2,876 189 255 1,503 1,947 • 358 411 3,255 4,024 602 1,126 2,490 4,218 1,250 3,659 9,404 14,313 23

23.5

'.

0 141 859 '1,001 0 38 400 438 20 50 836 906 ' 328 254 952 1,534' . 348 845 3,048 4,241 ' 23.5
24 0 57 444 501 18 33 281 333 0 0 382 382 373 136 680 1,191 391 477 1,786 2,655 24

24.5 0 16 191 207 0 0 34 34. 0 0 108 108 0 0 69 69 0 50 402 452 24.5
25 0 . 0 117 117 0 0 50 50 0 0 54 54 0 0 94 94 . 0 50 315 365 ' 25

25.5 0 0 78 78 0 0 0 0 0 0 7 7 0 0 44 44 ., 0 0 130 130 25.5
26 0 0 43 43 0 0 0 0 0 0 0 0 0 0 4 4 0 0 47 47 ' 26

26.5
" 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 2 26.5

. 27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0, 27
27.5 0 0 0 0, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 27.5

TOTAL 201,476 43292 54 752 299 521 317439 54645 45919 418003 561421 44 653 46 226 652 299 440876 17185 25820 483881 1521211 151049 172717 1844977 ' TOTAL
Fish measured 8,708 4,623 6,200 19,531 8,866 5,859 1,538 16,263 8,151 5,621 6,427 20,199 6,512 2,445 3,051 12,008 ' 32,237 18,548 17,216 68,001 Fish measured
No.ot sampies 88 39 69 196 . 111 55 13 179 109 55 80 244 84 25 39 148 392 ' 174 201 767 No.ot sampIes
no.aged 785 811 811 723 723 754 754 oNo.aged

Catchltl • 11059 2,820 4117 17995 I·· 17273 3975 859 22107 30893 ' 3063 4,093 38050 23,728' 1 393 2490 27611 82,953 11251 11559 105763 CatchCt

e,
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TABLE 8.6.3· SARDINE - Purse seine catch length compostion trom Gurf of cadiz (Spain) by quarter during 1996

Unit· '000 fish
Length (cm) 1 Q. 2Q. 3Q. 4Q.* TOTAL

9 0
9.5 109 109
10 272 272

10.5 109 190 299
11 190 190

11.5 109 253 362
12 717 104 821

12.5 109 1970 1555 3634
13 1n4 4040 5814

13.5 56 524 5169 5749
14 56 382 393 59n 6808

14.5 66 295 5900 6261
15 56 713 319 7335 8423

15.5 113 522 472 6624 n31
16 1055 575 4769 6399

16.5 2606 1599 3061 7266
17 305 3459 4388 2203 10355

17.5 538 3911 4782 3020 12251
18 1042 4524 5254 3475 14295

18.5 2040 4849 3790 3082 13761
19 2595 2253 2639 2014 9501

19.5 2311 736 974 1276 5297
20 1217 59 312 846 2434

20.5 368 63 431
21 99 3 102

21.5 85 85
22 0

22.5 0
23 0

23.5 0
24 0

24.5 0
25 0

TOTAL 10882 25846 31474 60450 128652
Fish measured 394 534 628 599 2155
No. 01 sampies 3 4 6 4 17
no.aged 50 222 161 176 609
Catch (t) 612 1003 1274 2415 5304

*there are no sampies in December
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Table 8.7.1 Catch in numbers ('000) at age by quarter and by

sub-division of SARDINE in 1996

1996 Vlllc East VlllcWest IXaNorth IXacentr-N IxaCentr-S IXaSouth Allareas
1'stO 1'stO 1'stO 1'stO 1'stO 1'stO 1'stO

AQe catch('OOO' catch('ooo\ catch{'ooo) catch('ooo) catch{'ooo) catch{'OOO catch ('000)
0 0 0 0 0 0 0 0
1 588 178 4,176 462 2,386 709 8,499
2 4,002 980 9,851 2,225 6,818 15,921 39,797
3 3,948 1,983 5,050 2,440 12.573 12,857 38,851
4 13,614 8,140 13,774 7,039 58,807 36,756 138,129
5 9,871 6,457 .8,683 4,318 36,090 3,519 68,937
6 1,055 576 653 840 5,124 0 8,247
7 1,193 692 718 527 658 0 3,789
8 250 173 128 0 0 0 551
9 411 110 147 0 0 0 668
10 258 118 91 0 0 0 467
11 38 11 6 0 0 0 55
12 85 19 14 0 0 0 118
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15+ 0 0 0 0 0 0 0
Total 35,313 19,437 43,291 17,850 122,455 69,761 308,108

Tonnes 2.623 1,494 2.820 988 6,505 4.136 18.566

1996 VlllcEast VlllcWest lxa North IXacentr-N IXaCentr-S IXaSouth All areas
2'ndO 2'ndO 2'ndO 2'ndO 2'000 2'ndO 2'ndO

Age catch('OOO) catch('ooo) eatch{'OOO\ catch('ooo) catch{'ooo) catch('OOO catch ('000)
0 0 0 0 0 0 0 0
1 2,983 344 2,072 7,800 7,734 446 21,379
2 3.036 2,117 12,696 16.981 13,758 38,189 86,778
3 753 3.476 8,060 18,985 49,861 20,672 101,807
4 2.688 13,831 19,464 41,225 48,230 23,913 149,351
5 2,150 10,891 10,691 26,684 15,627 403 66,446
6 291 925 768 7,545 1,775 24 11,328
7 323 1,165 566 245 159 0 2,458
8 64 271 108 0 0 0 443
9 99 179 171 0 0 0 449

10 68 198 41 0 0 0 307
11 18 14 4 0 0 0 36
12 20 18 3 0 0 0 41
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15+ 0 0 0 0 0 0 0
Total 12,493 33,429 54,644 119,465 137,144 83,647 440,822

Tonnes 859 2.864 3,975 6,002 7,185 4.455 25,341

1996 Vlllc East VlllcWest IXaNorth IXa Centr-N IXa centr-S IxaSouth A1lareas
3'rdO 3'rdO 3'rdO . 3'rdO 3'rdO 3'rdO 3'rdO

AQe catch('OOO) catch(,Ooo catch('OOO) catch{'ooo) catch{'ooo) catch{'ooo catch ('000)
0 13 2,898 7.931 82,665 43,883 304 137,693
1 259 1,164 5,257 16,633 2,232 6,682 32,227
2 .986 2,839 8,003 59,340 34,132 22,927 128,227
3 1,160 2,910 3,113 93,635 44,586 53,499 198,902
4 '5,657 13,083 13,237 80,907 70,283 18,171 201,338
5 3,619 7,230 6,060 7,016 7,643 2,930 34,498
6 663 749 366 1,366 0 654 3,798
7 396 708 381 1,000 0 0 2,485
8 690 489 189 0 0 0 1.368
9 420 293 114 0 0 0 827

10 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15+ 0 0 0 0 0 0 0
Total 13,863 32.363 44,651 342,561 202,760 105,166 741,364

Tonnes 1,360 2,733 3,063 15,275 9,646 6,724 38,801
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1996 Vllic East VlllcWest IXaNorth IXa Centr-N IXaCentr-S IXaSouth All areas
1-40 1-40 1-40 1-40 1-40 1-40 1-40

Aoe catch('OOO) catch('ooo) catch('ooo) catch('ooo) catch('ooo) catch('OOO catch ('000)
0 67 3,849 11,575 185,985 74,942 483 276,901
1 4,300 2,103 12,376 31,835 33,053 13,259 96,925
2 9,014 7,148 32,065 108,416 75,585 92,161 324,390
3 6,647 9,652 17,399 189,521 154,271 108,955 486,444
4 25,820 41,282 52,052 184,991 221,957 100,752 626,854
5 18,083 28,324 28,614 41,808 66,009 11,024 193,862
6 2,438 2,787 2,202 12,331 7,424 729 27,911
7 2,148 2,946 1,957 3,030 817 0 10,897
8 1,492 1,543 753 0 0 0 3,788
9 1,252 959 618 0 0 0 2,829

10 326 316 132 0 0 0 n4
11 56 25 10 0 0 0 91
12 105 37 17 0 0 0 159
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15+ 0 0 0 0 0 0
Total 71,748 100,971 159,no 757,916 634,057 327,363 2,051,826

Tonnes 5,839 8,584 11,251 34,762 31,117 19,878 111,431

1996 Vlllc East VlllcWest IXaNorth IXa Centr-N IXaCentr-S IXaSouth All areas
4'thO 4'thO 4'th0 4'th 0 . 4'thO 4'th 0 4'thO

Age catch('ooo) catch('ooo catchl'ooO' catch('ooo) catchl'ooo) catch('OOO catch ('000)
0 54 951 3,644 103,320 31,059 179 139,207
1 470 417 871 6,940 20,700 5,423 34,820
2 990 1,212 1,515 29,871 20,876 15,124 69,588
3 786 1,283 1,176 74,461 47,251 21,927 146,884
4 3,861 6,228 5,5n 55,820 44,638 21,912 138,036
5 2,443 3,746 3,180 3,790 6,649 4,172 23,981
6 429 537 415 2,581 526 51 4,539
7 236 381 292 1,257 0 0 2,166
8 488 610 328 0 0 0 1,426
9 322 3n 186 0 0 0 885
10 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0
14 O. 0 0 0 0 0 0

15+ 0 0 0 0 0 0 0
Total 10,079 15,742 17,184 278,040 171,698 68,789 561,532

Tonnes 997 1,493 1,393 12,496 7,781 4,565 28,725

•

•

Table 8.7.1 (continued)
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Table 8.8.1 Length (crn) at age by quarter and by sub-division
of SARDINE in 1996.

1996 Vlllc East VlllcWest IXaNorth IXaCentr-N IXaCentr-S IXaSouth A1lareas
1'stO 1'stO 1'stO 1'stO 1'stO 1'stO 1'stO

AQe lenoth(crn) length(crn) lenoth(crn) lenoth(cm) lencrth(crn) length(cm) length(cm)
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 18.9 16.9 17.6 162 14.7 15.8 16.6
2 19.8 20.4 19.2 18.5 17.6 18.7 18.8
3 21.0 21.4 20.5 192 19.1 19.4 19.7
4 21.4 21.6 21.1 19.9 19.8 20.2 20.3
5 21.8 21.9 21.5 20.7 19.9 21.1 20.7
6 22.6 22.4 21.7 21.3 20.5 0.0 21.1
7 22.8 22.6 22.3 21.7 20.7 0.0 22.1
8 22.5 22.1 22.3 0.0 0.0 0.0 22.3
9 23.7 22.1 21.8 0.0 0.0 0.0 23.0
10 23.8 23.0 23.0 0.0 0.0 0.0 23.4
11 24.3 24.3 24.3 0.0 0.0 0.0 24.3
12 24.2 23.9 24.0 0.0 0.0 0.0 24.1
13 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 0.0 0.0 0.0 0.0 0.0 0.0 0.0

15+ 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0-15+ 21.4 21.7 20.4 19.9 19.6 19.7 20.1

1996 Vlllc East VlllcWest IXa North IXaCentr-N IXaCentr-S IXaSouth All areas
2'ndO 2'ndO 2'ndO 2'000 2'ndO 2'ndO 2'ndO

AQe lerioth(crn) length(crn) lenothlCm) lenothlcm) lenoth(crn) lenothlcm) lenoth(crn)
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 17.1 18.0 19.0 15.6 14.1 15.1 15.6
2 18.4 20.2 19.7 18.0 17.7 18.6 18.5
3 '20.9 21.3 20.4 18.4 19.5 19.1 19.3
4 21.7 21.6 20.8 19.6 202 19.5 202
5 21.9 21.9 21.1 20.3 20.9 21.4 20.9
6 23.1 22.4 20.9 20.7 21.9 23.0 21.1
7 22.9 22.5 21.7 21.8 22.7 0.0 22.3
8 22.7 22.2 22.0 0.0 0.0 0.0 22.2
9 23.6 22.2 21.4 0.0 0.0 0.0 222
10 23.3 23.0 23.0 0.0 0.0 0.0 23.1
11 24.3 24.3 24.3 0.0 0.0 0.0 24.3
12 24.1 23.8 23.8 0.0 0.0 0.0 23.9
13 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 0.0 0.0 0.0 0.0 0.0 ' 0.0 0.0

15+ 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0-15+ 19.9 21.6 20.5 19.2 19.4 19.0 19.6

1996 Vlllc East VlllcWest IXa North IXa Centr-N IXaCentr-S IXaSouth All areas
3'rdO 3'rdO 3'rdO 3'rdO 3'rdO 3'rdO 3'rdO

Age length (cm' length (ern lenath lern lenath lern) length (cm) length (ern length(ern)
0 18.3 13.5 14.5 12.8 13.5 13.6 13.2
1 20.4 20.5 19.8 17.7 18.1 17.8 18.2
2 21.6 21.2 20.0 18.8 19.1 18.5 19.0
3 22.0 21.7 20.9 19.9 19.7 19.1 19.7
4 22.2 21.8 21.0 20.4 20.5 19.7 20.5
5 22.4 21.9 21.3 20.8 21.3 20.3 21.3
6 23.0 22.4 22.1 21.6 0.0 20.8 21.9
7 22.4 22.1 21.9 22.4 0.0 0.0 22.2
8 23.5 22.6 22.5 0.0 0.0 0.0 23.0
9 23.8 22.4 22.1 0.0 0.0 0.0 23.1
10 0.0 0.0 0.0 0.0 0.0 0.0 0.0
11 0.0 0.0 0.0 0.0 0.0 0.0 0.0
12 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 0.0 0.0 0.0 0.0 0.0 0.0 0.0

15+ 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0-15+ 22.3 21.0 19.6 18.0 18.6 19.0 18.6

•
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Table 8.8.1 (continued)
1996 VlllcEast VlllcWest IXaNorth IXaCentr-N IXaCentr-S IXaSouth Allareas

4'thQ 4'th Q 4'thQ 4'thQ 4'thQ 4'thQ 4'thQ
Age length(cm) length(cm) lenglh(cm) lencith(cm) lenglh(cm) lenglh(cm' lenglh(cm)

0 17.8 13.6 15.4 14.2 12.5 14.5 13.8
1 19.9 20.4 19.8 ·16.9 15.8 17.3 16.5
2 20.8 21.4 20.8 19.4 18.3 18.5 19.0
3 21.8 21.9 21.6 20.4 19.8 19.5 20.1
4 22.0 22.0 21.8 20.9 20.7 19.9 20.8
5 22.3 22.2 22.1 21.8 21.3 21.0 21.7
6 23.0 22.8 22.8 22.0 23.5 22.7 22.4
7 22.4 22.3 22.3 23.2 0.0 0.0 22.9
8 23.6 23.5 23.1 0.0 0.0 0.0 23.4
9 23.9 23.8 23.2 0.0 0.0 0.0 23.7
10 0.0 0.0 0.0 0.0 0.0 0.0 0.0
11 0.0 0.0 0.0 0.0 0.0 0.0 0.0
12 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 0.0 0.0 0.0 0.0 0.0 0.0 0.0

15+ 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0-15+ 22.0 21.6 20.4 18.0 18.1 19.3 18.5

1996 Vlllc East VlllcWest IXaNorth IXa Centr-N IXaCentr-S IXaSouth All areas
1-4Q 1-4Q 1-4Q 1-4Q 1-4Q 1-4Q 1-4Q

Aae lenath(cml lenath(cml lenath(cm) lenath(cm) lenath(cm) lenath(cm) lenathCcm)
0 17.9 13.5 14.8 13.6 13.1 13.9 13.5
1 17.9 19.8 18.9 17.0 15.5 17.4 16.9
2 19.6 20.8 19.7 18.8 18.5 18.6 18.8
3 21.3 21.5 20.6 19.9 19.6 19.2 19.7
4 21.7 21.7 21.0 20.3 20.3 19.9 20.4
5 22.0 21.9 21.4 20.6 20.4 20.8 21.0
6 22.8 22.5 21.7 21.1 21.0 21.0 21.4
7 22.7 22.4 22.0 22.6 21.1 0.0 22.3
8 23.3 22.8 22.7 0.0 0.0 0.0 23.0
9 23.8 22.9 22.2 0.0 0.0 0.0 23.1
10 23.7 23.0 23.0 0.0 0.0 0.0 23.3
11 24.3 24.3 24.3 0.0 0.0 0.0 24.3
12 24.2 23.9 24.0 0.0 0.0 0.0 24.1
13 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 0.0 0.0 0.0 0.0 0.0 0.0 0.0

15+ 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0-15+ 21.4 21.4 20.2 18.3 18.8 19.2 19.0
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Table 8.8.2 Weight (g) at age by quarter and by sub-division
of SARDINE in 1996..

1996 Vlllc East VlllcWest IXa North IXaCentr-N IXa Centr-S IXaSouth All areas
1'stO 1'stO 1'stO 1'stO 1'st 0 1'stO 1'stO

Aoe weioht(o) weioht(o) weioht{q) weiqht{o) weiqht(q) weight{g) weight(q)

0 0 0 0 0 0 0 0
1 51 37 42 31 24 32 36
2 58 64 54 45 39 51 50
3 69 73 65 50 49 57 57
4 74 76 71 56 55 63 62

'5 n 78 74 62 55 72 64
6 87 85 77 68 60 0 67
7 89 86 83 70 62 0 80
8 85 81 83 0 0 0 84
9 99 81 n 0 0 0 91
10 101 91 91 0 0 0 96
11 106 106 106 0 0 0 106
12 30 101 102 0 0 0 50
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0
15+ 0 0 0 0 0 0 0

0-15+ 74 76 65 55 53 59 60

1996 Vlllc East VlllcWest IXaNorth IXa Centr-N IXaCentr-S IXaSouth A1lareas
2'ndO 2'ndO 2'ndO 2'ndO 2'ndO 2'ndO 2'ndO

Aoe weioht{o) weight(g) weiohtlo) weiohtlo) weight(g) weioht{o) weioht(o)
0 0 0 0 0 0 0 0
1 41 48 57 29 21 28 31
2 51 69 63 41 40 50 49
3 77 81 71 44 52 54 54
4 86 85 76 53 57 57 62
5 89 88 79 58 63 74 69
6 105 95 n 62 72 92 69
7 103 97 86 72 81 0 92
8 100 93 91 0 0 0 93
9 113 93 83 0 0 0 93
10 108 103 104 0 0 0 105
11 123 123 123 0 0 0 123
12 120 115 115 0 0 0 118
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15+ 0 0 0 0 0 0 0
0-15+ 68 85 72 50 52 53 57

1996 Vllic East VlllcWest IXa North IXaCentr-N IXa Centr-S IXaSouth All areas
3'rdO 3'rdO 3'rdO 3'rdO 3'rdO 3'rdO 3'rdO

Aoe weioht (g) weight (g) weight (g) weight (g) weiqht (q) weight (g) weight(g)
0 53 20 25 16 18 25 17
1 74 74 67 39 42 52 48
2 88 83 69 47 49 59 52
3 93 89 80 55 53 64 58
4 96 91 81 59 60 71 65
5 99 93 84 63 67 n 79
6 107 99 94 70 0 83 87
7 98 95 92 n 0 0 88
8 115 102 100 0 0 0 108
9 119 99 95 0 0 0 109
10 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15+ 0 0 0 0 0 0 0
0-15+ 98 84 68 45 48 64 52
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Table 8.8.2 (continued)
VlllcEast VlllcWest IXaNorth IXa Centr-N IXaCentr-S IXaSouth All areas

4'thO 4'thO 4'thO 4'thQ 4'thO 4'thO 4'thO
Age weight (g) weight(Q) weiQht(Q) weiQht(Q) weiQht(Q) weiQht(Q) weiahtla)
0 49 20 31 21 15 25 20
1 70 76 69 35 29 46 35
2 81 88 81 51 44 57 52
3 95 95 92 59 55 68 60
4 97 97 94 63 62 73 68
5 102 101 99 72 67 87 84
6 113 110 109 74 89 113 87
7 103 101 101 86 0 0 93
8 123 120 114 0 0 0 120
9 127 125 116 0 0 0 124
10 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15+ 0 0 0 0 0 0 0
0-15+ 98 94 80 45 45 66 51

Vlllc East VlllcWest IXa North IXaCentr-N IXaCentr-S IXaSouth All areas
1-40 1-40 1-40 1-40 1-40 1-40 1-40

AQe weioht(o) weioht(o) weioht(o) weioht(o) weioht(o) weight(o) weioht(g)
0 50 20 27 19 17 25 19
1 47 67 57 36 27 48 38
2 62 77 63 47 45 54 51
3 n 84 72 55 53 62 58
4 84 87 78 59 58 65 64
5 86 89 81 61 60 79 71
6 99 97 86 66 65 85 74
7 94 95 89 79 66 0 87
8 112 105 102 0 0 0 107
9 114 106 94 0 0 0 107
10 102 99 95 0 0 0 100
11 111 115 113 0 0 0 113
12 47 108 105 0 0 0 67
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0
15+ 0 0 0 0 0 0 0

0-15+ 81 85 70 46 49 61 54
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Table 8.10.1: Input data and results output ofthe sardine assessment

sardine South (run: ICAPCL03/I03)--_._- -_ --_ _--
Catch in nlJ1tler

-.~ •••+••• _- ••••••••- •••••• -._--_•••---•••• _••••_- ••••-_ ••• -.---.---- ••• __ • __ .------_•••_----._--._-_.-
Age I 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988._._..+.-_.._-- - -------_.-.__._--_.-._---.----._---_._----- ----_.--..--_. __ - _- ..-

o 844.0 854.0 643.0 842.0·e 1021.0 60.0 1061.0 109.0 258.0 238.0 1401.0 439.0
1 2421.0 2145.0 1479.0 1997.0 1920.0 769.0 553.0 3289.0 527.0 702.0 512.0 979.0
2 954.0 913.0 935.0 1542.0 1720.0 1854.0 838.0 470.0 2343.0 987.0 615.0 525.0
3 110.0 281.0' 423.0 372.0 666.0 701.0 795.0 488.0 457.0 903.0 520.0 428.0
4 22.0 127.0 187.0 155.0 192.0 350.0 322.0 295.0 290.0 322.0 521.0 303.0
5 3.0 40.0 93.0 47.0 102.0 130.0 140.0 176.0 197.0 194.0 147.0 291.0
6 1.0 16.0 36.0 30.0 76.0 129.0 139.0 116.0 101.0 166.0 170.0 189.0
7 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
8 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.2 1~0 1.0
9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.2 1.0 1.0 1.0

10 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.2 1.0 1.0 1.0 1.0
11 1.0 1.0 1.0 1.0 1.0 1.0 1.1 1.0 1.0 1.0 1.0 1.0

------+-.-----------------.-----------------_.-----_.-_._---_.-------_._----.._....-----_._.--_.-.....-
Thousancls

Catch in nunber

-..•-.+---_ _._ _--_._--_.-..-..-._----_ -_.._ _-----.
Age I 1989 1990 1991 1992 1993 1994 1995 1996._--_.+-._--_...-------_._---------_._-_._--_.---_._---_.__..._..._. __ .

o 244.0 234.0 1574.0 490.0 88.0 121.0 31.0 276.9
1 512.0 562.0 456.0 985.0 562.0 61.0 186.0 96.9
2 895.0 488.0 404.0 423.0 1051.0 527.0 273.0 324.4
3 381.0 680.0 380.0 317.0 502.0 1059.0 798.0 486.4
4 215.0 275.0 256.0 175.0 245.0 261.0 440.0 626.9
5 198.0 142.0 72.0 108.0 111.0 107.0 67.0 193.9
6 183.0 104.0 26.0 19.0 66.0 35.0 29.0 27.9
7 61.0 142.0 79.0 61.0 52.0 36.0 35.5 18.5
8 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

10 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
11 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

._.-.-+-----._------...._-.---_.-...--_._--.._--------._--_.._--_._----
Thousancls

•

Predicted Catch in Nunber
---------_.--_.•. _._.-----

------+--..-----_.-...._._-_.-----_.----_ .._-----._-_...._-----_.----_._---~---.__ .-..._.._----
Age I 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
---_..+-._--_._---_..._--_.---- .. _-_ .....-----_.._.......-.---.-.-.-.-..~.-..-..-._-_.__ ._-_._-

0 220.7 462.7 320.8 306.6 357.8 791.2 472.9 144.5 135.8 65.5 340.3
1 386.4 339.1 791.9 443.4 549.5 390.8 908.6 820.8 171.5 187.1 116.7 •2 696.0 513.3 494.3 925.1 658.1 498.5 381.4 1331.3 822.8 201.1 278.5
3 1157.2 686.8 544.0 413.5 957.4 414.0 350.4 401.0 952.6 698.2 211.8
4 396.0 671.9 423.1 258.6 241.4 328.2 164.6 212.1 161.3 463.3 419.3
5 256.3 196.9 353.8 170.8 128.4 69.4 110.5 85.0 72.1 66.7 237.1
6 145.5 141.1 114.4 . 157.8 93.0 40.8 25.9 62.9 32.0 33.0 37.5
7 28.7 26.2 27.6 17.1 30.3 9.9 5.0 5.0 7.8 4.9 6.5
8 1.5 2.3 2.4 2.0 1.6 1.7 .6 .5 .3 .6 .5
9 1.5 1.3 2.4 2.0 2.2 1.1 1.2 .6 .3 .3 .6

10 1.0 .7 .6 .9 1.0 .7 .4 .6 .2 .1 .1
.._---+--_ ...---_.---._-----._---._----._-----_...._--.-.-_.--._.. --.._._---_...._---.-_..._...

Thousands

Yeights at age in the catches (Kg)

-- .._-+.---------_.--_.._._- .._.. __ ._._-.-.-------_._ __ ._-- _ _._ _-_ - .
Age I 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988
.._---+--_._--_..----._-.-----.-----.----... __ ....-._-.-...._._-...._--_._-------._.-----.-----_._-----

o .01700 .01700 .01700 .01700 .01700 .01700 .01700 .01700 .01700 .01700 .01700 .01700
1 .03400 .03400 .03400 .03400 .03400 .03400 .03400 .03400 .03400 .03400 .03400 .03400
2 .05200 .05200 .05200 .05200 .05200 .05200 .05200 .05200 .05200 .05200 .05200 .05200
3 .06000 .06000 .06000 .06000 .06000 .06000 .06000 .06000 .06000 .06000 .06000 .06000
4 .06800 .06800 .06800 .06800 .06800 .06800 .06800 .06800 .06800 .06800 .06800 .06800
5 .07200 .07200 .07200 .07200 .07200 .07200 .07200 .07200 .07200 .07200 .07200 .07200
6 .07900 .07900 .07900 .07900 .07900 .07900 .07900 .07900 .07900 .07900 .07900 .07900
7 .09300 .09300 .09300 .09300 .09300 .09300 .09300 .09300 .09300 .09300 .09300 .09300
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8 .10000 .10000 .10000 ~10000 .10000 .10000 .10000 .10000 .10000 .10000 .10000 .10000
.9 .10000 .10000 .10000 ~10000 .10000 .10000 .10000 .10000 .10000 .10000 ~10000 .10000
10 .10000 .10000 .10000 .10000 .10000 .10000 .10000 .10000 .10000 .10000 .10000 .10000
11 ~10000 .10000 .10000 .10000 .10000 .10000 .10000 .10000 .10000 .10000 .10000 .10000 .

••••••+••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••_••_••••••••••••_--•••••••••.
Units

~eights at age in the catches (Kg)

••••••+••- ••••••••••••••••••__••••••••••••••••••• _••••••••••• ~ •••• - ••••

Age I 1989 1990 1991 1992 1993 1994 1995 1996
.-.-••+•••••••••••••••••••••_•••••••• - ••••••••••••••_-._ ••• -. __ ._••••••

o .01300 .02400 .02000 .01800 -••01700 .02000 .02500 ~01900
1 .03500 .03200 .03100 .04500 .03700 .03600 .04700 .03BOO
2 .05200 .04700 .05BOO .05500 .05100 .05800 .05900 .05100
3 .05900 .05700 .06300 .06600 .05BOO .06200 .•06600 .05BOO
4 .06600 .06100 .07300 .07000 .06600· .07000 .07100' .06400
5 .07100 .06700 .07400 .07900 .07100 .07600 .OB200 .07100
6 .08700 .07000 .08700 .08300 .OB100 .08700 .09100 .07400
7 .09300 .09600 .09700 .09100 .09300 .09300 .09100 .OB700
B .10000 .10000 .10000 ~10000 .10000 .10000 .09100 .08700

.9 .10000 .10000 .10000 ~10000 ~10000 .10000 .10000 .09700
10 .10000 .10000 .10000 .10000 .10000 ~10000 .•10000 .09700
11 .10000 .10000 .10000 .10000 .10000 .10000 .10000 .10000

••••••+••_••••••••••••••••••••••••••••••••••••••••••••• ~•••••••••••••••
Units '

Weights at age in the stock (Kg)

Table 8.10.1: (corii;d)'

• ••••••+••••••••••••••• - •••••••••••••••••••••••••••••••••••••••••••• - ••••••••••••• ~••••••••• ~ •••• ~ ••••••
Age I 1977 1978 1979 19BO 1981 1982 1983 1984 1985 1986 1987 1988
••••••+••••••••_•••••••••••••••••••••••••••• - ••••••__••••••••••__ ••• - •••••••••••••••••~ •••••• ~•••••••••

0 .00000 •00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 . .00000
1 .01500 .01500 .01500 .01500 ~01500 .01500 .01500 ~01500 .01500 .01500 .01500 .01500
2 .03800 .03800 .03800 .03800 .03800 ~03800 .03BOO .03BOO .03800 .03800 .03800 .03800
3 .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05000
4 .06400 .06400 .06400 .06400 .06400 .06400 .06400 .06400 .06400 .06400 .06400 .06400
5 .06700 .06700 .06700 .06700 .06700 .06700 .06700 .06700 .06700 .06700 .06700 .06700
6 .07700 .07700 .07700 .07700 ~07700 .07700 .07700 .07700 .07700 .07700 ~07700 .07700
7 .08600 .08600 .08600 .08600 .08600 .08600 .08600 .08600 .08600 .08600 .08600 ~08600

8 .10000 .10000 .10000 .10000 .10000· .10000 .10000 ~10000 ~10000 .10000 ~10000 .10000
9 .10000 .10000 .10000 ~ 10000 .10000 .10000 .10000 .10000 .10000 .10000 .10000 .10000

10 .10000 ~ 10000 ~10000 .10000 .10000 .10000 .10000 .10000 .10000 .10000 .10000 .10000
11 .10000 .10000 .10000 .10000 .10000 ~10000 .10000 .10000 .10000 .10000 .10000 .10000

•••••-+••••_-•••••••••••••••••_•••••••••••••••-.- •••••••••• - •••••••••••••••••- •••••••••••••••••••••••••
Units ..
Weights at age in the stock (Kg)

~•••••+•••••••••••••••••••••••••••••••~._•••••••••••••••••• - ••-_ •• _.~-.

Age I 1989 1990 1991 1992 1993 1994 1995 1996
••••••+••••••••••••••••••••••••••••••••••••••• ~••••••••••••••••••••••••

0 .00000 •00000 .00000 .00000 .00000 .00000 .00000 .00000• 1 .01500 .01500 .01900 .02700 .02200 .03100. .02900 .03600
2 .03800 .03800 .04200 .03600 .04500 .04000 .05000 .04700
3 .05000 .05000 .05000 .05000 .05700 .04900 .06200 .06100
4 .06400 .06400 .06400 .06200 .06400 .06000 .onoo .06900
5 .06700 .06700 .07100 .06900 .07300 .06700 .07900 .07500
6 .07700 .07900 .07500 '.07600 .07600 .07000 .OBOOO .08400
7 .08600 .08600 .08800 .09100 .09100 .08500 .09200 .10000
8 .10000 .10000 .10000 .10000 .10000 .10000 .10000 .10000
9 .10000 .10000 .10000 .10000 ; 10000 ; 10000 .10000 ~10000

10 .10000 .10000 .10000 .10000 .10000 .10000 .10000 .10000
11 .10000 ~ 10000 .10000 .10000 .10000 .10000 .10000 ;10000

_•••••+•••••••• _••••• _•••••• _•• - ••••_.- ••••••~---•••• - ••• -~~•••• _-_ ••••

Units

. .
Natural Hortality (per year)-_ ..................-----_ ...

••••••+••••••••••••• _•••••• -~••••••• ~ •••••• ~ ••••••••••••••• ~~••••••••••••••••••••••• ~••••••• ~~ •••• ~.~~.

Age I 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 . 1987 1988.._---+- .. -- ...--.- ....-----....... -_ .....-.................. ---._--_.. __ ..----.........._...._........
0 .33000 •33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000
1 .33000 .33000 .33000 .33000 .33000 .33000 .33000 ~33000 .33000 .33000 .33000 .33000
2 .33000 .33000 .33000 .33000 .33000 ;33000 .33000 .33000 .33000 .33000 .33000 .33000
3 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 ~33000
4 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000
5 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000
6 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000
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7 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000
8 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000
9 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000

10 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000
11 .33000 .33000 ~33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000
------+_._._-~----------_._---------------------------------_. __..._.-._---_._---------------_._--_._--

Units

Natural Hortality (per year)

._----+.._---------------------------------_._-------------------------
Age I 1989 1990 1991 1992", 1993 1994 1995 1996
------+-.-------_._-----------------------------------------~-~--------o .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000

1 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000'
2 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000
3 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000
4 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000
5 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000
6 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000
7 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000
8 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000
9 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000

10 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000
11 .33000 .33000 .33000 .33000 .33000' .33000 ~33000 .33000'

------+----------------------------------------------------------------Units

'fable 8.10.1: (cont'd)

,

Proportion of fish spawning

.•••••+.-_•••_---.-.•-----_._-----------_._-----------~_._._--_••_-_•._••_---------_._. __ •__••--.------
Agil I 1977' 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

------+------------------------------------------------------------------------------~._-----~--------~o .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
1 .~OO .~oo .~OO.~OO .~OO .~oo.~oo .~oo .~oo .~oo ~~oo ~~oo

2 .9500 .9500 ".9500 .9500 .9500 .9500 .9500 .9500 ~9500 .9500 , .9500 .9500
3 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1~0000 1.0000 1.0000 1.0000 1.0000
4 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000' 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
5 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1~0000

6 1.0000 1.0000 1.0000 1.0000 1.0000,1.0000 1.0000 1.0000 1~0000 1.0000 1.0000' 1.0000
7 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
8 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
9 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

10 1.0000 1.0000 1.0000 1~0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
11 1.0000 1.0000 '1.0000 . 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

------+._-----------------_._-_._.._-------------------_ .._-_._--.-----------------_._._---_.._--------
Units

•

\

Proportion of fish spawning
_....._---_...~_ .._----_....

.._---+---.-----------------------------------------------_._----------Age I 1989 1990 1991 1992 1993 1994 1995 1996
------+._-------------------------------_._-_._-------~-------._._---~- •0 .0000 •0000 .0000 .0000 .0000 ~oooo .0000 .0000

1 .2300 .6000 .7400 .7900 .4700 .8000 .7300 .8300
2 .8300 .8100 .9100 .9100 .9300 ~8900 ' .9800 ' .8900
3 .9100 .8800 .9600 .9500 .9400 ~9600 .9700 .9200
4 .9200 .8900 .9700 .9800 .9700 .9600 .9900 .9600
5 .9400 .9400 1.0000 1.0000 .9900 .9700 1.0000 1.0000
6 .9700 .9700 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
7 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
8 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1~0000 1.0000
9 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

10 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
11 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

•••_--+•.••.••• __ •.••••••••••--- ••••._---------_ •••-•••••-•••_--- •••.••
Units

.,"

AGE - STRUCTURED INDICES

ACUSP: Portuguese Spring AS (Catch: Unkn

------+----------_.._------_ _---_._._------------------_._--_._._._._------_._._.-. __ ._._------
Age 1986 1987 ': 1988 1989 1990 1991 1992 1993 1994 1995 '1996 1997
------+------_.._---.... -----_...._-----_._--------------_._------_._--_._---------_._-----------------

1 I 2343.9
2 4024.7
3 1544.5

1.0 7743.0 1.0
1.0 2684.2 1.0
1.0 1617.2' 1.0

1.0
1.0
1.0

1.0
1.0
1.0
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1.0
1.0
1.0

1.0
1.0
1.0

1.0 228.4 1294.6 4299.0
1.0 ,237.1 1153.7 2437.0
1.0 2110.9 933.6 1555.0



1 t": .. :~. I 1,,-:.~...... • ~ .:"'".

4 517.5 1.0 1446.9 1.0 1.0 1.0 1.0 1.0 1.0 2949.0 2213.0 1725.0
5 470.6 1.0 804.1 1.0 1.0 1.0 1.0 1.0 1.0 729.7 303.8 1836.0
6 21.3 1.0 425.3 1.0 1.0 1.0 1.0 1.0 1.0 128.2 4.6 239.0

------+------------------------------------------------------------------------------------------------ThoUsarlds

---- - ------

.'•

. Table 8.10.1: (corit;d) .
ACUST: spanish Spring AS (Catch: Unknown

------+--------------------------------------------------------------------------------Age I 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997

------+--------------------------------------------------------------------------------1 221.00 73.00 69.00 25.00 '°168.00 239.00 1.00 18.30 10.64 56.13
2 63.00 304.00 56.00 208.00 77.00 427.00 1.00 16.70 54.25 262.79 '
3 72.00 66.00 274.00 164.00 88.00 136.00 1.00 97.40 90.55 126.03
4 64.00 96.00 55.00 401_00 ,31.00 126.00 1.00 80.60 363.96 123.03
5 858.00 76.00 88.00 62.00 117.00 146.00 1.00 19.10 221.32 65.26
6 175.00 906.00 134.00 76.00 25.00 418.00 1.00 8.50 14.74 38.41
7 310.00 156.00 249.00 52.00 21.00 48.00 1.00 5.50 7.23 12.52
8 342.00 177.00 70.00 352.00 12.00 103.00 1.00 1.00 2.81 7.43
9 53.00 97.00 49.00 26.00 54~00 108.00 1.00 1.00 1.00 4.19

10 18.00 42.00 46.00 60.00 3.00 330.00 1.00 1.00 1.00 1.00
11 1.00 11.00 23.00 8.00 8.00 112.00 1.00 1.00 1.00 1.00

------+--------------------------------------------------------------------------------Thousands

------+------------------------------------------------------------------------------------------------Age I 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988
••••••+••••••••••••••••••••••••••••••••••••••••_•••_••••••••••••••••••••••••••••••••• __ •• _••••••••• __ ••

o :08342 .07544 .04863 .06139 .•10760 .00834 .05460 .01437 .04848 .05;05 .05549 .06816
1 .36970 .36415 .20834 .24098 .22304 .12664 .11327 .27515 ~10217 .10905 .11852 .14559
2 .27474 _26824 .31025 .40665 .39320 .40639 .22825 .15273 .37540 .21939 .23845 .29289
3 .05619 .13929 .22131 ~22537 .35930 _31969 .35591 .23277 .25176 .37538 ~40799 .50114
4 .01929 .09730 .14886 .13530 .20041 .37958 .27572 .25010 .•24409 .42085 .45741 .56185
5 .00431 .05046 .10987 .05790 _14225 .23420 .29765 .27624 .30591 .41295 .44882 .55130
6 .00207 .03252 .06695 _05360 .14359 .31153 .49385 ~50637 .29284 .45582 .49542 .60854
7 _00259 .00288 .00288 .00268 .00256 .00284 .00398 .00650 .00805 .14511 ~15771 ~19372

8 .00325 .00361 .00407 .00402 .00374 .00357 .00397 .00557 .00911 .01653 .01796 .02206
9 .00508 .00454 .00504 .00563 ~00568 .00523 .00499 .00554 .00936 .01961 .02131 .02618

10 .00649 .00710 .00634 .00706 .00788 .00795 .00732 .00838 .00776 .01097 .01192 .01464
11 .00649 .00710 .00634 .00706 .00788 .00795 .00732 .00838 .00776 .01097 .01192 .01464'. .

------+-----------------------------------------------------------_._--------------------._------------Units

------+----------------------------------------------------------------Age I 1989 1990 1991 1992 1993 1994 1995 1996

------+-------------------------------------------------------~---~----o .06808 .09008 .07224 .05958 .07487 .06419 .06348 .08265
1 .14541 .19242 .15431 .12726 .15992 .13711 .13559 .17655
2 .29254 .38711 .31044 .25601 .32173 .27583 .27278 .35518
3 .50054 .66235 .53117 .43804 .55049 .47195 .46673' .60771
4 .56117 ~74259 .59551 ~49111 .61718 .52912 .52327 .68133
5 .55063 .72863 .58432 .48188 .60558 .51918 .51344 .66853
6 .60780 .80429 .64499 .53191 .66846 .57309 .56675 .73794
7 .19349 .25604 .20533 '.16933 .21280 .18244 .18042 .23492
8 .02204 .02916 .02339 .01929 .02424 .02078 .02055 .02676
.9 .02615 .03460 .02775 ~02288 .02876 .02465 .02438 .03175
10 .01463 .01936 .01552 .01280 .01609 .01379 .01364 .01776
11 .01463 .01936 .01552 .01280 .01609 .01379 .01364 .01776

----_.+--------------------------_._-----------------------------------Units

Population Aburldance (1 January)

._----+----------_._---_._---.~._-------------_ .. __ .-.---_.._--._--------._-_._.----_._---------_._-~_.
Age I 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

---···+·----------·-·-----------·7-------·---~-------·-------------·-·-··----~----7-··---7--·---·-7---·o 12352. 13770. 15883. 16575. 11716. 8477. 23406. 8964. 6392. 5198. 10050•. 5706.
1 9105. 8170. 9180. 10877. 11207. 7564. 6044. 15933. 6352. 4378. 3551•. 6835.,
2 4628. 4523. 4081. 5359. 6145. 6446. 4791~ 3880. 8699. 4123. 2822~ 2267.
3 2360. 2528. 2486. 2151. 2565. 2982. 3087. 2741. 2394. 4297~ 2380~ 1598.
4 1352. 1604. 1581. 1433~ 1234. 1288. 1557. 1555. 1562. 1338. 2122. 1138.
5 819. 953. 1046. 979. 900. 726. 633. 850. 870. 880. 632. 966.
6 568. 587. 651. 674. 664~ 561. 413. 338. 463. 461. 418. 290.
7 454. 408~ 408. 438. 459. 414. 295. 181. 146. 249~ 210~ 183.
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8 362. 326. 292. 293. 314. 329. 297. 212. 129. 104. 155. 129.
9 232. 259. 233. 209. 210. 225. 236. 212. 151. 92. 74. 109.

10 181. 166. 186. 167. 150. 150. 161. 169. 152. 108. 65. 52.
11 181. 166. 186. 167. 150. 148. 177. 141. 152. 108. 99. 81.

_•••••+•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••_••••••••••••••••••••••••

Thousands

Population Abundance (1 January)

_•••••+••••••••••••••••••••••••••••• - •••_••••••••••••••••••••••••••••••••••••••

Age I 1989 1990 1991 1992 1993 1994 1995 1996 1997
••••••+••••••• _••• - ••••••••••••••••••• ~••••••••••••••••••••••••••••••••••••••••

o 5459. 4864. 13302. 9584. ') 2347. 2559. 1249. 5025. 5377.
1 3832. 3667. 3195. 8897. 6492. ..1566. 1126. 843. 3326.
2 4248. 2382. 2175. 1969. 5632. 3977. 981. 1083. 508.
3 1216. 2279. 1163. 1146. 1096. 2935. 2170. 537. 546.
4 696. 530. 845. 491. 532. 454. 1316. 978. 210.
5 466. 286. 181. 335. 216. 206. 192. 561. 356.
6 400. 193. 99. 73. 149. 85. 88. 83. 207.
7 113. 157. 62. 37. 31. 55. 34. 36. 28.
8 109. 67. 87. 36. 23. 18. 33. 21. 20.
9 91. 76. 47. 61. 26. 16. 13. 23. 14.

10 76. 64. 53. 33. 43~ 18. 11. 9. 16.
11 81. 61. 76. 92. 74. 86. 87. 67. 53~

••••••+•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• _•• _•••_••••

Thousands

-
Table 8.10.1: (cont'd)

Weighting factors for the catches in number

•• _•••+- •• _-_ •••••••••_. __••_••••••••••_. __ ._••_••••••••_•••_••• - •• _._-_ •••••_••_•• - •••__••••• -

Age . I 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
•••• _.+•••••••••••••• _•• _••••••••••••••••• _••• - ••__•••••••• __•••••• _._•••••••••• _••_.~---_•••••

o .5000 .5000 .5000 .5000 .5000 .5000 .5000' .5000 .5000 -.5000 .5000
1 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
2 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
3 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
4 1.0000 1.0000 1.0000 1.0000' 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
5 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
6 1.0000 1.0000' 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
7 .0100 .0100 .0100 .0100 .0100 .0100 .0100 .0100 .0100 .0100 .0100
8 .0100 .0100 .0100 .0100 .0100 .0100 .0100 .0100 .0100 .0100 .0100
9 .0100 .0100 .0100 .0100 .0100 .0100 .0100 .0100 .0100 .0100 .0100

10 .0100 .0100 .0100 .0100 .0100 .0100 .0100 .0100 .0100 .0100 .0100
••••_-+••••••••••••_••••• _._•••_•••••••••_-_ ••••• - ••••••••• _••••••••• - •• _.- •••••__ •••• _••••••••

Units

Predicted Age·Structured Index Values

ACUSP: Portuguese Spring AS (Catch: UnknPredicted

..._.-+ _ - _ _._._ _ _ _ _-_.
Age I 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997••••_.+.-•••_•••••••••_••_•••••••••••••••__ ._-_•••••••_•••••_••_._•••_._••_••••__ ._••_•••••_••••_._•••-

1 3070.2 1.0 4743.1 1.0 1.0 1.0 1.0 1.0 1.0 1201.0 579.4 2287.5
2 4534.8 1.0 2441.0 1.0 1.0 1.0 1.0 1.0 1.0 1062.7 1145.4 536.8
3 5003.9 1.0 1794.9 1.0 1.0 1.0 1.0 1.0 1.0 2461.2 584.8 594.4
4 2559.7 1.0 2089.7 1.0 1.0 1.0 1.0 1.0 1.0 2444.1 1735.2 373.0
5 1253.8 1.0 1322.5 1.0 1.0 1.0 1.0 1.0 1.0 266.4 742.2 471.0
6 176.2 1.0 106.0 1.0 1.0 1.0 1.0 1.0 1.0 32.7 29.2 12.8......+.-._ --_ _.._ _..__ _._. __..__ __.._.._..

Thousands

ACUST: Spanish Spring AS (Catch: UnknownPredicted

••••••+••••••••••• _•••••••••••••••• __••• _•••••••••••••••••••••••• --•• - ••••• __ • __ •••••••
Age I 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
••••••+_ ••••••••••••••••••••••••••••••••••••••••••••••••• - ••••••••••••• -- ••••••••••••••

1 119.10 66.77 63.03 55.54 155.85 112.65 1.00 30.16 14.55 57.44
2 129.07 241.85 131.93 123.16 113.28 317.93 . 1.00 56.19 60.56 28.38
3 155.37 118.24 211.44 112.04 113.46 104.99 1.00 213.05 50.62 51.45
4 186.83 114.32 82.57 137.37 82.35 85.90 1.00 218.51 155.13 33.35
5 302.83 146.31 85.06 56.32 107.16 66.74 1.00 61.00 169.96 107.86
6 149.38 206.20 94.15 50.52 38.30 . 75.32 1.00 46.02 41.09 102.54
7 128.21 79.32 107.59 43.36 26.33 21.35 1.00 24.15 24.87 19.67
8 90.53 76.22 47.06 61.16 25.59 15.91 1.00 23.05 14.47 14.34
9 48.63 40.40 33.93 20.89 27.30 11.43 1.00 5.60 10.28 6.43

10 17.94 26.38 21.89 - 18.29' 11.33 14.84 1.00 3.85 3.04 5.55

254
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....., .~ ..
, ,

11 I 5.44 5.45 4.12 5.13 6.22 4.95 1.00 5.84 4.49 3.59
------+-------------------------------------------------------------------------------- .Thousands

Fitted Selection Pattern , .

Table 8.10.1: (cont'd)

.'

tI

------+---------------------------------------------------------------------------------------~--------Age I 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988
------+------------------------------------------------------------------------------------------------o .3036 .2812 .1567 .1510 .2736 .0205 .2392 .0941 .1292 .2327 .2327 .2327

1 1.3456 1.3575 ,.6715 .5926 .5673 .3116 .4963 1.8015 ~2722 .4971 .4971 .4971
2 1.0000 1.0000 1.0000 1.0000', 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
3 .2045 .5193 .7133 .5542 .9138 .7867 1.5593 1.5241 .6707 1.7110 1.7110 1.7110
4 .0702 .3627 .4798 .3327 .5097' .9340 1.2080 1~6375 .6502 1.9183 1.9183 1.9183
5 .0157 .1881 .3541 .1424 .3618 .5763 1.3040 1.8087 .8149 1.8822 1.8822 1.8822'
6 _0075 .1212 .2158 .1318 .3652 .7666 2.1636 3.3155 .7801 2.0777 2.0777 2.0777
7 .0094 .0108 .0093 .0066 .0065 .0070 .0174 .0425 .0214 .6614 ~6614 .6614
8 .0118 .0135 .0131 .0099 .0095 .0088 .0174 .0364 .0243 .0753 .0753 .0753
9 .0185 .0169 .0163 .0138 .0144 .0129 .0219 .0363 .0249 .0894 .0894 .0894

10 .0236 .0265 .0204 .0174 .0200 .0196' .0321 .0549 .0207 .0500 .0500 .0500
11 .0236 .0265 .0204 .0174 .0200, .0196 .0321 .0549 .0207 ,.0500 .0500 .0500

------+------------------------------------_.._--._----.------------------------------._--~------------
Units

Fitted Selection Pattern

------+-------------._-------------------------------------------------Age I 1989 1990 1991 1992 1993 ' 1994 1995 1996
------+---------------------------------------------------._-----------o .2327 .2327 .2327 .2327 .2327 .2327 .2327 .2327

1 .4971 .4971 .4971 .4971 .4971 .4971 .4971 .4971
2 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
3 1.7110 1.7110 1.7110 1.7110 1.7110 1.7110 1.7110 1.7110
4 1.9183 1.9183 1.9183 1.9183 1.9183 1.9183 1.9183 1.9183
5 1.8822 1.8822 1.8822 1.8822 1.8822 1.8822 1.8822 1.8822
6 2.0777 2.0777 2.0777 2.0777 2.0777 2.0777 2.0777 2.0777
7 .6614 .6614 .6614 .6614 .6614 .6614 .6614 .6614
8 .0753 .0753 .0753 .0753 .0753 .0753 .0753 .0753
9 .0894 .0894 .0894 .0894 .0894 .0894 .0894 .0894

10 .0500 .0500 .0500 .0500 .0500 .0500 .0500 .0500
11' .0500 '.0500 .0500 .0500 .0500, .0500 .0500 .0500

-- •• --+--_ ••_-----_._---.--------- ••• -- •••••_--- ••••••----_.-._.------.
Units

STOCK SUMMARY
---- ..-------

IYear I Recruits I Total spawnin91 Landin9S1 Yieldl IMea,; F SoP
Age 0 Biomass Biomass SSB Ages• thousands tonnes tonnes tonnes ratio 2- 5 (%)

, . . '

1977 12352240 750289 619231 125750 ' .2031 .0886 123
1978 13769980 759192 628073 139990 .2229 .1388 117
1979 15883360 763313 624829 153441 .2456 .1976 102
1980 16575250 804765 . 646282 191682 .2966 .2063 105
1981 11716230 842091 668464 214133 .3203 .2738 111
1982 8476990 802573 645284 204504 .3169 .3350 102
1983 23406060 713376 584388 181139 .3100 .2894 94
1984 8964010 794856 614588 202686 .3298 .2280 103
1985 6391710 810539 654500 204107 .3119 .2943 104
1986 5197550 679808 553952 180606 .3260 .3571 101
1987 10049550 547179 442867 168825 .3812 .3882 97
1988 5705500 481295 369m 158540 .4287 .4768 95
1989 5459370 431719 292600 137126 .4686 .4762 102
1990 4863680 368099 252719 139157 .5506 .6302 95
1991 13302000 316365 242215 127756 .5274 .5054 99
1992 9583950 453161 340960 126054 .3697 .4168 99
1993 2347120 539096 371516 138795 .3736 .5237 100
1994 2559410 416842 322598 132800 .4117 .4490 100
1995 1248740 368158 290475 121384 .4179 ~4441 99
1996 5025100 246037 186657 111431 .5970 ~5782 100

IFAP run code: 103

....__ .................... - ........................__..-........-.
No of years for separable analysis : 11
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Age range in the analysis
Year range in the analysis
Number of indices of SSB
Number of age'structured indices
Parameters to estimate
Number of observations

o 11
1977 1996
o
2
58
250

Table 8.10.i: (cont'd)

Conventional single selection vector model to be fitted•

. _-----_ ..---------_._.._----_.-_._-- .._----.---------------_.---

PARAMETER ESTlHATES
....

Iparml IHaxi~ I I I IMean of INo. Lik!lih. CV I ,Lower I Upper ·s~e. +s~e. Param.
Estlmate (%) 95% Cl 95% Cl distrib.

Separable Model: Reference F by year
1 1986 .2194 21 .1445 .3331 .1m .2715 .2244
2 1987 .2384 19 .1618 .3513 .1957 .2906 .2432
3 1988 .2929 18 .2033 .4219 .2431 .3528 .2980
4 1989 .2925 18 .2042 .4191 .2435 .3515 .2975
5 1990 .3871 18 .2706 .5538 .3225 .4647 .3936
6 1991 .3104 19 .2108 .4572 .2548 .3783 .3166
7 1992 .2560 19 .1733 .3783 .2098 .3124 .2611
8 1993 .3217 19 .2186 .4735 .2642 .3919 .3280
9 1994 .2758 21 .1826 .4166 .2235 .3404 .2820

10 1995 .2728 22 .1752 .4248 .2176 .3419 .2798
11 1996 .3552 26 .2102 .6002 .2718 .4642 .3681

Separable Model: Selection (S) by age
12 0 .2327 19 .1575 .3437 .1907 .2839 .•2374
13 1 .4971 16 .3630 .6807 .4234 .5835 .5035

2 1.0000 Fixed : Reference age
14 3 1.7110 15 1.2534 2.3357 1.4598 2.0054 1.7327
15 4 1.9183 19 1.2997 2.8314 1.5727 2.3398 1.9565
16 5 1.8822 33 .9793 3.6176 1.3487 2.6269 1.9898
17 6 2.0777 62 .6109 7.0658 1.1127' 3.8797 2.5250
18 7 .6614 135 .0463 9.4497 .1703 2.5688 1.6605
19 8 .0753 149 .0040 1.4161 .0169 .3365 .2309
20 9 .0894 149 .0047 1.6872 .0200 .4001 .2749

10 .0500 Fixed : last true age

Separable Model: Populations in year 1996
21 0 5025106 47 1972673 12800741 3118577 8097183 5630759
22 1 842534 31 453242 1566190 614061 1156015 885757
23 2 1083284 26 650552 1803860 835126 1405181 1120574
24 3 537100 24 331922 869109 420158 686590 553539
25 4 978266 27 572868 1670548 744534 1285374 1015415
26 5 560715 36 276367 1137621 390822 804461 598459
27 6 82771 54 28406 241179 47963 142839 96057
28 7 35980 94 5640 229508 13979 92607 56252
29 8 20637 112 2284 186401 6714 63431 38764
30 9 23114 118 2279 234399 7088 75367 46475
31 10 8811 118 864 89832 2694 28809 17m

Separable Model: Populations at age 10 •32 1986 107694 359 93 123908252 2954 3925372 69189797
33 1987 65021 267 345 12246984 4491 941363 2312632
34 1988 51987 152 2622 1030552 11326 238628 ' 166025
35 1989 76436 137 5182 1127262 19364 301709 196179
36 1990 63507 115 ' 6546 616125 19922 202449 124360 '.
37 1991 53018 115 5550 506475 16763 167685 102879
38 1992 32797 117 3290 326917 10147 106006 65267
39 1993 43007 121 3952 467919 12724 145357 90279
40 1994 17936 129 1417 226956 4913' 65477 41478
41 1995 11162 122 1005 123849 3269 38105 23719

Age-structured index catchabilities
ACUSP: Portuguese Spring AS (Catch: Unkn

Linear model fitted. Slopes at age:
42 1 Q .7966 43 .5266
43 2 Q 1.290 42 .8579
44 3 Q 1.429 43 .9420
45 4 Q 2.378 46 1.515
46 5 Q 1.768 56 1.030
47 6 Q .4802 78 .2268

2.854
4.533
5.165
9.556
9.363
4.848

.7966
1.290
1.429
2.378
1.768
.4802

1.887
3.015
3.405
6.086
5.453
2.290

1.345
2.158

.2.424
4.249
3.639
1.423

ACUST: Spanish Spring AS (Catch: Unknown
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Linear model fitted. Slopes at age:
48 1 Q .2000E-01 41 .1341E·01 .6862E-01
49 2 Q .6820E-01 41 .4574E-01 .2336
50 3 Q .1237 42 .8225E-01 .4352
51 4 Q .2126 45 .1372 .8216
52 5 Q .4049 ·54 .2399 2.035
53 6 Q .6766 76 .3240 6.553
54 7 Q .8143 108 .2883 20.01
55 8 Q.7775 120 .2447 27.47
56 9 Q .4940 121 .1531 18.28
57 10 Q .3814 122 .1171 14.53
58 11 Q .7446E·01 42 .4932E-01 .•2653

RESIDUALS ABOUT THE MODEL FIT

Separable Model Residuals

.2000E·01 .4600E-01

.6820E-01 .1567

.1237 .2894

.2126 .5300

.4049 1.205

.6766 3.138

.8143 7.084

.7775 8.644

.4940 5.668

.3814 4.463

.7446E-01 .1757

.3308E-01

.1127

.2071

.3726

.8107
1.956
4.311
5.354
3.522
2.779
.1254

Table 8.10.1: (cont'd)

--._--+--------_.._._-----_._------------------------------------------------_..-----_.._------
Age I 1986 1987 1988 1989 1990 1991 1992 1993 . 1994 1995 1996
------+------.-------------------_._--._----~_.-._---.--_ ..-_._._------------_._.._-. __ ._------

0 .076 1.108 .314 -.228 -.425 .688 .036 -.496 ·.115 ·.749 -.206
1 .597 .412 .212 .144 .022 .154 .081 -.379 -1.034 -.006 -.186
2 .349 .181 .060 -.033 -.299 -.210 .103 -.236 ·.446 .306 .152
3 -.248 -.278 -.240 -.082 -.342 -.086 -.100 .225 .106 .134 .831
4 -.207 ·.254 -.334 -.185 .130 -.248 .061 .144 .481 -.052 .402
5 -.279 '.292 -.196 .148 .101 .036 '.023 .266 .394 .004 -.201
6 .132 .186 .502 .148 .112 -.451 -.310 .049 .089 -.130 -.296
7 '3.357 '3.266 '3.319 1.273 1.543 2.078 2.505 2.334 1.527 1.990 1.054

e 8 -.196 '.852 -.875 -.701 -.498 -.541 .523 .no 1.163 .564 .767
9 -.423 -.283 -.8n -.691 -.795 -.090 '.166 .4n 1.108 1.355 .485

10 -.001 .421 .440 .056 -.037 .363 1.034 .536 1.564 2.049 2.024_•••_.+--_•••••••••_••••••••••_._-_._-._._••••_._••••••_._._._._-_._------_._-_. __ ••••--._--_.-
Units

AGE • STRUCTURED INDEX RESIDUALS
.......... - ......._------_ ..._- ..

ACUSP: Portuguese Spring AS (Catch: Unkn..._-- ..--_..._._._--_._------_ ..._- ...--

•

.__._.+-----.._------_....._----.._-------_._--_._---------_.....__ .._----.----------------------------
Age I 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
--._--+.------------------------------------_._------------------------------._------------------------1 -.270 -1.000 .490 -1.000 -1.000 -1.000 -1.000 -1.000 -1.000 -1.660 .804 .631

2 -.119 -1.000 .095 -1.000 -1.000 -1.000 -1.000 -1.000 -1.000 -1.500 .007 1.513
3 -1.176 '1.000 '.104 -1.000 -1.000 -1.000 -1.000 -1.000 -1.000 -.154 .468 .962
4 -1.599 -1.000 -.368 -1.000 -1.000 -1.000 -1.000 -1.000 -1.000 .188 .243 1.531
5 -.980 -1.000 -.498 -1.000 -1.000 -1.000 -1.000 -1.000 -1.000 1.008 -.893 1.360
6 -2.112 -1.000 1.389 -1.000 -1.000' -1.000 -1.000 -1.000 -1.000 1.368 -1.837 1.189

------+-------~----------------------------------_.---------_ .._-----------_._----.------------_._-----
Units

ACUST: Spanish Spring AS (Catch: Unknown

------+-------------------------------------------_._----------_.----------------------Age I 1988 1989 1990' 1991 1992 1993 1994 1995 1996 1997
------+------------------------------------_.------.------------------------._----.._--

1 .618 .089 .091 -.798 .075 .752 -1.000 -.499 -.313 -.023
2 -.717 .229 -.857 .524 -.386 .295 -1.000 -1.213 -.110 2.226
3 -.769 -.583 .259 .381 -.254 .259 -1.000 -.783 .582 .896
4 -1.071 -.175 -.406 1.071 -.9n .383 -1.000 -.997 .853 1.305'
5 1.041 -.655 .034 .096 .088 .783 -1.000 -1.161 .264 -.502
6 .158 1.480 .353 .408 -.427 1.714 -1.000 -1.689 -1.025 -.982
7 .883 .676 .839 .182 -.226 .810 -1.000' -1.479 -1.236 -.451
8 1.329 .843 .397 1.750 -.757 1.868 -1.000 '3.138 -1.638 -.658
9 .086 .876 .367 .219 .682 2.246 -1.000 ·1.723 -2.330 -.426

10 .003 .465 .743 1.188 -1.328 3.102 -1.000 -1.349 -1.111 -1.714
11 -1.694 .703 1.720 .444 .252 3.119 -1.000 -1.765 -1.501 -1.278

-••_--+- ••_-----_._--------------------_._--------------------_••••••_-----------------
Units

PARAMETERS OF THE DISTRIBUTION OF. ln CATCHES AT AGE
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Separable model fitted from 1986 to 1996
Variance .0994
Skewness test statistic .0853
Kurtosis test statistic 5.1763
Partial chi-square .6803
Significance in fit .0000
Degrees of freedom 80

PARAMETERS OF THE DISTRIBUTION OF THE AGE-STRUCTURED INDICES._--------- ..---_..-----_ _----._---._-_ .._- --- .

.;
DISTRIBUTION STATISTICS FOR ACUSP: Portuguese Spring AS (Catch: Unkn

Linear catchability relationship assumed.

Table 8.10.1: (cont'd)

Age
Variance
Skewness test stat.
Kurtosis test stat.
Partial chi-square
Significance in fit
NlJIIber of data
Degrees of freedom
Weight in analysis

1
.1713

-.9064
-.2590
.0489
.0003

5
4

.1667

2
.1901
.0180

-.2397
.0562
.0004

5
4

.1667

3
.1067

-.3177
-.3895
.0297
.0001

5
4

.1667

4
.2138

-.0917
-.3241
.0620
.0005

5
4

.1667

5
.2030
.3347

-.7851
.0613
.0005

5
4

.1667

6
.5436

-.3763
-.8265

.1951

.0045
5
4

.1667

DISTRIBUTION STATISTICS FOR ACUST: Spanish Spring AS (Catch: Unknown

Linear catchability relationship assumed. e
Age 1 2 3 4 5 6 7 8 9 10
Variance .0222 .0937 .0344 .0798 .0434 .1192 .0750 .2582 .1710 .2223Skewness test stat. -.0001 1.2966 '.0999 .1787 - .1698 .1593 - .6725 -.7167 -.3444 .8846
Kurtosis test stat. -.4756 .3992 -.8557 -.9400 -.4653 - .6522 -.7099 -.4508 -.2646 -.2306
Partial chi'square .0160 .0702 .0239 .0556 .0299 .0849 .0573 .2030 .1480 .1933
Significance in fit .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
NlJIIber of data 9 9 9 9 9 9 9 9 9 9Degrees of freedom 8 8 8 8 8 8 8 8 e 8Weight in analysis .0909 .0909 .0909 .0909 .0909 .0909 .0909 .0909 .0909 .0909

ANALYSIS OF VARIANCE TABLE
-.. _- .. --....-------------

Unweighted Statistics

SSQ Data Params d.f.
Variance

Total for Model 249.0266 250 58 192 1.2970
Catches at Age 92.9495 121 41 80 1.1619

Aged IOOi ces
ACUSP: Portuguese Sprir.g AS (Catch: Unk 34.2846 30 6 24 1.4285

ACUST: spanish Spring AS (Catch: Unknow 121.7925 99 11 88 1.3840 •Yeighted Statistics

SSQ Data Params d.f.
Variance

Total for Model 9.9129 250 58 192 .0516
Catches at Age 7.9540 121 41 80 .0994

Aged Indices
ACUSP: Portuguese Spring AS (Catch: Unk .9523 30 6 24 .0397

ACUST: Spanish Spring AS (Catch: Unknow 1.0065 99 11 88 .0114
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.'. ;; .
Table 8.13.1a i

Sardine in the Southern Area CFishing Areas VIllc and !xa)

pr~iction with management option table: Input data

18:59 Ho~y, S~pt~r 15; 1997

Year: 1997

"
Stock. Natural Hatürity Prop.of F Prop.ofH 'Ieight Exploit. Io/eight

Age size mortality ogive bef.spaw. bef.spaw. in stock. pattern in catch

0 2004000.0 0.2500 0.0000 0.2500 0.2500 0.000 0.0692 0.020
1 3498000.0 0.2500 0.7300 0.2500 0.2500 0.027 0.1485 0.039
2 538000.00 0.2500 0.9200 0.2500 0.2500 0.043 0.3022 0.055
3 569000.00 0.2500 0.9500 0.2500 0.2500 0.055 0.5215 0.062
4 217000.00 0.2500 0.9700 0.2500 0.2500 0.065 0.5955 0.069
5 356000.00 0.2500 0.9930 0.2500 0.2500 0.072 0.6042 0.076
6 196000.00 0.2500 1.0000 0.2500 0.2500 0.077 0.7080 0.084
7 24000.000 0.2500 1.0000 0.2500 0.2500 0.091 0.2086 0.092
8 17000.000 0.2500 1.0000 0.2500 0.2500 0.100 0.0269 0.096
9 11000.000 0.2500 1.0000 0.2500 0.2500 0.100 0.0314 0.100

10 12000.000 0.2500 1.0000 0.2500 0.2500 0.100 0~0151 0.100
11+ 58000.000 0.2500 1.0000 0.2500 0.2500 0.100 0.0151 0.100

Unit Thousarlds - - - - KilogramS - Kilograms

Year: 1998

Recruit- Natural Haturity Prop.ofF Prop.ofH Io/eight Explöit. Io/eight
Age ment mortality ogive bef.spaw. bef.spaw. in stock. pattern in catch

0 2004000.0 0.2500 0.0000 0.2500 0.2500 0.000 0.0692 0.020
1 · 0.2500 0.7300 0.2500 0.2500 0.027 0.1485 0.039
2 · 0.2500 0.9200 0.2500 0.2500 0.043 0.3022 0.055
3 · 0.2500 0.9500 0.2500 0.2500 0.055 0.5215 0.062
4 · 0.2500 0.9700 0.2500 0.2500 0.065 0.5955 0.069
5 · 0.2500 0.9930 0.2500 0.2500 0.072 0.6042 0.076
6 · 0.2500 1.0000 0.2500 0.2500 0.077 0~7080 0.084
7 · 0.2500 1.0000 0.2500 0.2500 0.091 0.2086 0.092
8 · 0.2500 1.0000 0.2500 0.2500 0.100 . 0.0269 0.096
9 · 0.2500 1.0000 0.2500 0.2500 0.100 0.0314 0.100

10 · 0.2500 1.0000 0.2500 0.2500 0.100 0.0151 0.100
11+ · 0.2500 1.0000 0.2500 0.2500 0.100 0.0151 0.100

Unit ThousandS - - - - KilogramS - . Kilograms

Notes: Run name .: HANPCl02
Date and time: 15SEP97:20:20

Year: 1999

Recruit- Natural Haturity Prop.of F Prop.of H Weight Exploit~ Weight
Age ment mortality ogive bef.spaw. bef.spaw. in stock. pattern in catch

0 2004000.0 0.2500 0.0000 0.2500 0.2500 0.000 0.0692 0.020
1 · 0.2500 0.7300 0.2500 0.2500 0.027 0.1485 0.039
2 · 0.2500 0.9200 0.2500 0.2500 0.043 0.3022 0.055
3 · 0.2500 0.9500 0.2500 0.2500 0.055 0.5215 0.062
4 · 0.2500 0.9700 0.2500 0.2500 0.065 0.5955 0.069
5 · 0.2500 0.9930 0.2500 0.2500 0.072 0.6042 0.076
6 · 0.2500 1~0000 0.2500 0.2500 0.077 0.7080 0.084

. 7 · 0.2500 1.0000 0.2500 0.2500 0.091 0.2086 0.092
8 · 0.2500 1.0000 0.2500 0.2500 O~ 100 0.0269 0.096
9 · 0.2500 1.0000 0.2500 0.2500 0.100 0.0314 0.100

10 · 0.2500 1.0000 0.2500 0.2500 O~ 100 0.0151 0.100
11+ · 0.2500 1.0000 0.2500 0.2500 0.100 0.0151 0.100

Thousal'lds
. ...

KilogramsUnit - - - - Kilograms -
. . ".-' .

~~' ..-"•
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Tabh~ 8.13.1b

Sardine in the Southern Area (Fishing Areas VIIIc and IXa)

Prediction with management option table: Input data

Year: 1997

Stock Natural Haturity Prop.of F Prop.of M Weight Exploit. Weight
Age size mortality ogive bef.spaw. bef.spaw. in stock pattern in catch

0 4901000.0 0.2500 0.0000 0.2500 0.2500 0.000 0.0692 0.020
1 3498000.0 0.2500 0.7300 0.2500 0.2500 0.027 0.1485 0.039
2 538000.00 0.2500 0.9200 0.2500 0.2500 0.043 0.3022 0.055
3 569000.00 0.2500 0.9500 0.2500 0.2500 0.055 0.5215 0.062
4 217000.00 0.2500 0.9700 0.2500 0.2500 0.065 0.5955 0.069
5 356000.00 0.2500 0.9930 0.2500 0.2500 0.072 0.6042 0.076
6 196000.00 0.2500 1.0000 0.2500 0.2500 0.077 0.7080 0.084
7 24000.000 0.2500 1.0000 0.2500 0.2500 0.091 0.2086 0.092
8 17000.000 0.2500 1.0000 0.2500 0.2500 0.100 0.0269 0.096
9 11000.000 0.2500 1.0000 0.2500 0.2500 0.100 0.0314 0.100

10 12000.000 0.2500 1.0000 0.2500 0.2500 0.100 0.0151 0.100
11+ 58000.000 0.2500 1.0000 0.2500 0.2500 0.100 0.0151 0.100

Unit Thousands - - - - Kilograms - Ki lograms

Year: 1998

Recruit- Natural Haturity Prop.of F Prop.of,H Weight Exploit. Weight
Age ment mortality ogive bef.spaw. bef.spaw. in stock pattern in catch

0 4901000.0 0.2500 0.0000 0.2500 0.2500 0.000 0.0692 0.020
1 · 0.2500 0.7300 0.2500 0.2500 0.027 0.1485 0.039
2 · 0.2500 0.9200 0.2500 0.2500 0.043 0.3022 0.055
3 · 0.2500 0.9500 0.2500 0.2500 0.055 0.5215 0.062
4 · 0.2500 0.9700 0.2500 0.2500 0.065 0.5955 0.069
5 · 0.2500 0.9930 0.2500 0.2500 0.072 ' 0.6042 0.076
6 · 0.2500 1.0000 0.2500 0.2500 0.077 0.7080 0.084
7 · 0.2500 1.0000 0.2500 0.2500 0.091 0.2086 0.092
8 · 0.2500 1.0000 0.2500 0.2500 0.100 0.0269 0.096
9 · 0.2500 1.0000 0.2500 0.2500 0.100 0.0314 0.100

10 · 0.2500 1.0000 0.2500 0.2500 0.100 0.0151 0.100
11+ · 0.2500 1.0000 0.2500 0.2500 0.100 0.0151 0.100

Unit Thousands - - - - Kilograms - Kilograms

Year: 1999

Recruit- Natural Maturity Prop.of F Prop.of M Weight Exploit. Weight
Age ment mortaUty ogive bef~spaw. bef.spaw. in stock pattern in catch

0 4901000.0 0.2500 0.0000 0.2500 0.2500 0.000 0.0692 0.020
1 · 0.2500 0.7300 0.2500 0.2500 0.027 0.1485 0.039
2 · 0.2500 0.9200 0.2500 0.2500 0.043 0.3022 0.055
3 · 0.2500 0.9500 0.2500 0.2500 0.055 0.5215 0.062
4 · 0.2500 0.9700 0.2500 0.2500 0.065 0.5955 0.069
5 · 0.2500 0.9930 0.2500 0.2500 0.072 0.6042 0.076
6 · 0.2500 1.0000 0.2500 0.2500 0.077 0.7080 0.084
7 · 0.2500 1.0000 0.2500 0.2500 0.091 0.2086 0.092
8 · 0.2500 1.0000 0.2500 0.2500 0.100 0.0269 0.096
9 · 0.2500 1.0000 0.2500 0.2500 0.100 0.0314 0.100

10 · 0.2500 1.0000 0.2500 0.2500 0.100 0.0151 0.100
11+ · 0.2500 1.0000 0.2500 0.2500 0.100 0.0151 0.100

Unit Thousands - - - - Ki lograms - Ki lograms

Notes: Run name : MANPCL02
Date and time: 15SEP97:20:20
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Table 8.13028

Sardine in the Southern Area (Fishing Areas VIIIc and IXa)

Prediction with management option table

18:59 Monday, Septent>er 15, 1997

•

•

Year: 1997 Year: 1998 Year: 1999

F Reference Stock Sp.stock Catch in F Reference Stock sp.stock Catch in Stock Sp.stock
Factor F biomass biomass weight Factor F biomass biomass weight biomass biomass

1.0000 0.5059 217065 161025 63786 0.0000 0.0000 209935 178146 0 251833 216810

· · · · · 0.1000 0.0506 · 176632 7481 244917 208581

· · · · · 0.2000 0.1012 · 175135 14685 238384 200755

· · · I · · 0.3000 0.1518 · 173653 21624 232043 193309

· · · · · 0.4000 0.2023 · 172187 28311 225942 186221

· · · · · 0.5000 0.2529 · 170737 34757 220069 179473.. · · · · 0.6000 0.3035 · 169303 40973 214414 173044

· · · · · 0.7000 0.3541 · 167883 46969 208967 166918

· · · · · 0.8000 0.4047 · 166479 52755 203718 161079

· · · · · 0.9000 0.4553 · 165090 58339 198660 155509

· · · · · 1.0000 0.5059 · 163715 63731 193782 150196

· · · · · 1.1000 0.5564 · 162355 68939 189078 145125

· · · · · 1.2000 0.6070 · 161009 73971 184539 140283

· · · · · 1.3000 0.6576 · 1596n 78834 180158 135659

· · · · · 1.4000 0.7082 · 158360 83536 175929 131240

· · · · · 1.5000 0.7588 · 157056 88083 171844 127016

· · · · · 1.6000 0.8094 · 155766 92481 167898 122976

· · · · · 1.7000 0.8599 · 154489 96737 164085 119112

· · · · · 1.8000 0.9105 · 153226 100857 160398 115415

· · · · · 1.9000 0.9611 · 151976 104846 156834 111875

· · · · · 2.0000 1.0117 · 150739 108710 153386 1D8484

- - Tonnes Tonnes Tonnes - - Tonnes Tonnes Tonnes Tonnes Tonnes

Notes: Run name : MANPCL02
Date and time : 15SEP97:2o:20
computation of ref. F: Simple mean, age 2 - 5
Basis for 1997 : F factars
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Table 8.13.2b

Sardine in the Southern Area (Fishing Areas Vlllc and IXa)

Prediction with management option table

18:59 Monday, September 15, 1997

.
Year: 1997 Year: 1998 Year: 1999

F Reference Stock Sp.stock Catch in F Reference Stock Sp.stock Catch in Stock Sp.stock
Factor F biomass biomass weight Factor F biomass biomass weight biomass biomass

1.0000 0.5059 217065 161025 67189 0.0000 0.0000 267481 217610 0 384553 320508

· · · · · 0.1000 0.0506 · 215950 8903 376224 310471

· · · · · 0.2000 0.1012 · 214306 17511 368178 300872

· · · · · 0.3000 0.1518 · 212679 25837 360400 291687

· · · · · 0.4000 0.2023 · 211069 33895 352881 282894

· · · · · 0.5000 0.2529 · 209475 41694 345607 274473

· · · · · 0.6000 0.3035 · 207897 49247 338569 266404

· · · · · 0.7000 0.3541 · 206334 56564 331756 258669

· · · · · 0.8000 0.4047 · 204787 63654 325158 251251
· · · · · 0.9000 0.4553 · 203256 70527 318767 244134

· · · · · 1.0000 0.5059 · 201740 n192 312574 237302
· · · · · 1.1000 0.5564 · 200239 83657 306570 230741

· · · · · 1.2000 0.6070 · 198753 89931 300747 224438
· · · · · 1.3000 0.6576 · 197281 96022 295099 218380
· · · · · 1.4000 0.7082 · 195824 101935 289617 212555

· · · · · 1.5000 0.7588 · 194382 107680 284296 206951

· · · · · 1.6000 0.8094 · 192953 113262 279128 201559

· · · · · 1.7000 0.8599 · 191539 118687 274108 196367

· · · · · 1.8000 0.9105 · 190138 123962 269230 191366
· · · · · 1.9000 0.9611 · 188752 129092 264489 186547
· · · · · 2.0000 1.0117 · 187378 134083 259878 ''-- · Tonnes Tonnes Tonnes - - Tonnes Tonnes Tonnes Tonnes Tonnes

Notes: Run name : MANPCL02
Date and time : 15SEP97:20:20
Computation of ref. F: Simple mean, age 2 - 5
Basis for 1997 : F factors
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. Table 8.14.1a

Sardine in the Southern Area (Fishing Areas VIIIc and IXa)

Yield per recruit: Input data

Recruit- Natural Maturity Prop.of F Prop.of M Weight Exploit. Ileight
Age ment mortality ogive bef.spaw. bef.spaw. in stock pattern in catch

0 2004.000 0.3300 0.0000 0.2500 0.2500 0.000 0.0692 0.020
1 · 0.3300 0.7267 0.2500 0.2500 0.027 0.1485 0.039
2 · 0.3300 0.9183 0.2500 0.2500 0.043 . 0.3022 0.055
3 · 0.3300 0.9500 0.2500 0.2500 0.055 0.5215 0.062
4 · 0.3300 0.9717 0.2500 0.2500 0.065 0.5955 0.069
5 · 0.3300 0.9933 0.2500 0.2500 0.072 0.6042 0.076
6 · 0.3300 1.0000 0.2500 0.2500 0.077 0.7080 0.084
7 · 0.3300 1.0000 0.2500 0.2500 0.091 0.2086 0.092
8 · 0.3300 1.0000 0.2500 0.2500 0.100 0.0269 0.096
9 · 0.3300 1.0000 0.2500 0.2500 0.100 0.0314 0.100

10 · 0.3300 1.0000 0.2500 0.2500 0.100 0.0151 0.100
11+ · 0.3300 1.0000 0.2500 0.2500 0.100 0.0151 0.100

Unit Millions . . - - Kilograms . Kilograms

Notes: Run name : YLDPCL03
~ Date and time: 15SEP97:19:47

18:59 Monday. sept~r 15. 1997

Table 8.14.1b ., ,

Sardine in the Southern Area (Fishing Areas VIIIc and IXa)

. Yield per recruit: Input data

Recruit- Na'::ural Maturity Prop.of F Prop.of M Weight Exploit. Ileight
Age ment mortal ity ogive bef.spaw. bE!f.spaw. in stock pattern in catch

0 4901.000 0.3300 0.0000 0.2500 0.2500 0.000 0.0692 0.020
1 · 0.3300 0.7267 0.2500 0.2500 0.027 0.1485 0.039
2 · 0.3300 0.9183 0.2500 0.2500 0.043 0.3022 0.055
3 · 0.3300 0.9500 0.2500 0.2500 0.055 0.5215 0.062
4 · 0.3300 0.9717 0.2500 0.2500 0.065 0.5955 0.069
5 · 0.3300 0.9933 0.2500 0.2500 0.072 0.6042 0.076
6 · 0.3300 1.0000 0.2500 0.2500 0.077 0.7080 0.084
7 · 0.3300 1.0000 0.2500 0.2500 0.091 . 0.2086 0.092
8 · 0.3300 1.0000 0.2500 0.2500 0.100 0.0269 0.096
9 · 0.3300 1.0000 0.2500 0.2500 0.100 0.0314 0.100

10 · 0.3300 1.0000 0.2500 0.2500 0.100 0.0151 0.100
11+ · 0.3300 1.0000 0.2500 0.2500 0.100 0.0151 0.100

Unit Mil t ions . - - - Kilograms - Kitograms

Notes: Run name : YLDPCL03
Date and time: 15SEP97:19:47
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Table 8.14.2a

Sardine in the Southern Area (Fishing Areas Vlllc end IXa)

Yield per recruit: Summary table

18:59 Monday~ sept~r 15, ~j

1 January spawning time

F Reference Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Factor F numers weight size biomass size biomass size biomass

0.0000 0.0000 . 0 0 7129738 278092 4592386 260447 4228722 239823
0.0500 0.0253 74910 4534 6904919 260173 4371770 242723 4008065 222486
0.1000 0.0506 142425 8526 6702543 244250 4173502 226988 3809676 207100
0.1500 0.0759 203455 12048 6519831 230064 3994809 212985 3630807 193411
0.2000 0.1012 258789 15162 6354377 217394 3833287 200493 3469074 181203
0.2500 0.1265 309110 17920 6204094 206048 3686854 189320 3322411 170288
0.3000 0.1518 355015 20367 6067172 195859 3553702 179299 3189023 160505
0.3500 0.1770 397021 22544 5942036 186684 3432259 170288 3067347 151712
0.4000 0.2023 435576 24485 5827316 178398 3321161 162162 2956028 143787
0.4500 0.2276 471074 26219 5721823 170894 3219218 154813 2853880 136626
0.5000 0.2529 503856 2m1 5624516 164077 3125394 148149 2759873 130137
0.5500 0.2782 534222 29164 5534489 157867 3038786 142087 2673106 124239
0.6000 0.3035 562432 30416 5450950 152193 2958602 136557 2592790 118865
0.6500 0.3288 588714 31546 5373205 146992 2884152 131498 2518237 113952
0.7000 0.3541 613271 32567 5300647 142213 2814832 126856 2448842 109450
0.7500 0.3794 636277 33491 5232744 137807 2750110 122585 2384074 105312
0.8000 0.4047 657888 34330 5169026 133734 2689520 118643 2323468 101498
0.8500 0.4300 678239 35093 5109082 129958 2632651 114996 2266613 97974
0.9000 0.4553 697452 35789 5052548 126448 2579143 111612 2213147 94707
0.9500 0.4806 715632 36425 4999104 123176 2528676 108463 2162750 91672
1.0000 0.5059 732874 37007 4948466 120118 2480968 105526 2115139 88845
1.0500 0.5311 749261 37542 4900383 117253 2435769 102780 2070063 86205
1.1000 0.5564 764867 38033 4854631 114562 2392858 100205 2027301 83734
1.1500 0.5817 779757 38485 4811012 112029 2352038 97785 1986654 81416
1.2000 0.6070 793992 38903 4769349 109638 2313133 95506 1947946 79235
1.2500 0.6323 807622 39289 4729485 107378 2275986 93355 1911020 77181
1.3000 0.6576 820696 39647 4691278 105237 2240459 91321 1875734 75240
1.3500 0.6829 833255 39978 4654602 103203 2206425 89393 1841962 73404
1.4000 0.7082 845337 40286 4619343 101269 2173m 87562 1809591 71664
1.4500 0.7335 856976 40573 4585400 99427 2142398 85821 1778519 70011
1.5000 0.7588 868204 40840 4552678 97668 2112214 84162 1748654 68439
1.5500 0.7841 879047 41089 4521097 95986 2083136 82578 1719913 66941
1.6000 0.8094 889532 41321 4490579 94377 2055089 81065 1692220 65511
1.6500 0.8347 899681 41538 4461057 92833 2028007 79616 1665508 64144
1.7000 0.8599 909514 41742 4432469 91351 2001828 78227 1639714 62837
1.7500 0.8852 919051 41932 4404756 89926 1976496 76893 1614782 61584
1.8000 0.9105 928310 42111 4377869 88555 1951960 75612 1590659 60381
1.8500 0.9358 937305 42278 4351759 87233 1928173 74379 1567300 59226
1.9000 0.9611 946052 42435 4326383 85959 1905093 73192 1544659 58116
1.9500 0.9864 954565 42583 4301701 84728 1882680 72047 1522699 57046
2.0000 1.0117 962854 42721 4277676 83538 1860899 70942 1501382 56016

'" Tonnes Thousands Tonnes Thousands Tonnes Thousands. - Thousands Tonnes

Notes: Run name : YlDPCl03
Date and time , : 15SEP97:19:47 ,
Computation of ref. F: Simple mean, age 2 - 5
F-0.1 factor : 1.0849
F-max factor : Not,found
F-0.1 reference F : 0.5488
F-max reference F : Not found
Recruitment : 2004 (MiLLions)
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Table 8.14.2b

~ ~ ...:: "'; r~
,,' '1."

Sardine in the Southern Area (Ffshing Areas ViIlc a~ IXa)

Yield per recruit: Summary table

18:59 Monday. Septemcer 15~ 1997

.- 1 January Spawning time

Reference Catch in Catch in Stock Stock Sp.stock
'.

Sp.stOekF Sp.stock Sp.stock
Factor F nl.lllbers weight size biomass size biomass size biomass

0.0000 0.0000 0 0 17436549 680104 11231180 636952 10341799 586512
0.0500 0.0253 183202 11088 16886731 636282 10691640 593604 9802159 544115
0.1000 0.0506 348317 20852 16391797 597340 10206754 555123 93169n 506485
0.1500 0.0759 497572 29466 15944955 562648 9769740 520878 8879533 473007
0.2000 0.1012 632896 37080 15540320 531662 9374721 490327 8483998 443152
0.2500 0.1265 755963 43825 15172788 503913 9016603 -463001 : 8125318 416459
0.3000 0.1518 868229 49811 14837929 478994 8690965 438495 n99102 392532
0.3500 0.1770 970957 55135 14531894 456556 8393964 416458 7501532 371028
0.4000 0.2023 1065249 59881 14251336 436292 8122261 396585 7229287 351648
0.4500 0.2276 1152063 64120 13993340 417939 7872949 378613 6979475 334134
0.5000 0.2529 1232236 67916 13755366 401268 7643492 362313 6749570 318264
0.5500 0.2782 1306497 71323 13535195 386081 7431681 347488 6537371 303841
0.6000 0.3035 1375488 74387 13330891 372204 7235583 333965 6340950 290696
0.6500 0.3288 1439765 n149 13140758 359486 7053509 321592 6158622 278683
0.7000 0.3541 1499821 79645 12963310 347797 6883978 310240 5988909 267672
0.7500 0.3794 1556085 81905 12797244 337022 6725693 299795 5830513 257552 -
0.8000 0.4047 1608936 83957 12641415 327061 6577513 290156 5682295 248225
0.8500 0.4300 1658708 85824 12494816 317826 6438435 281236 5543249 239605
0.9000 0.4553 1705695 87526 12356557 309241 6307575 272959 5412491 231617
0.9500 0.4806 1750157 89081 12225853 301239 6184152 265259 5289239 224195
1.0000 0.5059 1792324 90505 12102013 293761 60674n 258076 5172802 217281
1~0500 0.5311 1832399 91812 11984419 286754 5956939 251359 5062565 210825
1.1000 0.5564 1870565 93014 11872528 280173 5851995 245061 4957986 204781
1.1500 0.5817 1906981 94120 11765853 273978 5752164 239144 4858580 199111
1.2000 0.6070 1941793 95142 11663962 268132 5657018 233571 4763915 193779
1.2500 0.6323 1975128 96086 11566470 262605 5566172 228310 4673607 188754
1.3000 0.6576 2007101 96960 11473031 257368 5479286 223335 4587310 184008
1.3500 0.6829 2037815 9n71 11383336 252395 5396052 218620 4504718 179518
1.4000 0.7082 2067363 98524 11297107 247666 5316195 214143 4425551 175262
1.4500 0.7335 2095829 99225 11214093 243159 5239468 209885 4349562 171220
1.5000 0.7588 2123287 99878 11134071 238857 5165649 205827 4276524 167374
1.5500 0.7841 2149806 100487 11056834 234745 5094535 201954 4206234 163710
1.6000 0.8094 2175447 101055 10982200 230808 5025945 198252 4138509 160214
1.6500 0.8347 2200267 101587 10910001 227033 4959713 194709 4073181 156872
1.7000 0.8599 2224315 102084 10840084 223408 4895689 191312 4010099 153674
1.7500 0.8852 2247640 102550 10n2311 219924 4833736 188051 3949124 150609
1.8000 0.9105 2270282 102986 10706555 216570 4m730 184918 3890130 147669
1.8500 0.9358 2292282 103396 10642700 213339 4715557 181903 3833001 144844
1.9000 0.9611 2313674 103780 10580641 210221 4659112 178999 3m633 142128
1.9500 0.9864 2334492 104141 10520278 207211 4604299 176198 3723926 139513
2.0000 1.0117 2354765 104480 10461523 204301 4551030 173496 3671793 136993

- - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousar.t:ls Tonnes.
Notes: Run name

Date and.time
Computation of ref.
F-0.1 factor
F·max factor
F-0.1 reference F
F-max.reference F
Recrui tment .

: YLDPCL03 _,
: 15SEP97:19:47

F: Simple mean, age 2 - 5
: 1.0849
: Not fouricl

. : 0.5488
: Not foUne!
: 4901 (Millions)
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Figure 8.5.1- Sardine -March 1997 acoustic surveys. Survey track and fishing sampling

stations. 270
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Figure 8.101a (cont'd)
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Figure 8.14.1a _ _
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Figure 8.14.1b

Fish Stock Summary
Sardine in the Southem Area (Fishing Areas vrnc and IXa)

15-9-1997
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Sardine southern area
Yearly catch and SSB
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9 ANCHOVY-GENERAL

9.1 Unit Stocks

. .
The Worlcing Group reviewed the basis for the discrimination of the stocks in Sub-area VllI and Division IXa. No
detailed study has been nWle to discriminate sub-populationS along the whole European Atlantie distribution of the
arichoVY. Morphologie3I stUdies have shown large variability arrlong sarnPles of anch0vies coming from different
areas from the central part ofthe Bay ofBiseay to the West ofGalicia (Prouzet and Metuzals, 1994, arid Junquera
1993). These authofs explain that the variability is reflecting the different environments which surround the
development of larvae and juveniles at several recruitrnent zOltes in the studied 3reas. They suggest that the
population may be strUetured by some sub-populations or groups with a certain degree of reproductive isolation.
Several considerations, like the weIl defined spawning areas of the anchovy.at the South-eaSt corner of the Bay of
Biscay(Motos etaL, 1996), arid the complementary seasonaIity ofthe fi~heriesalorig the coasts ofthe Bay ofBiscay
(showing a general migration pattern) (Prouzet et aL 1991 and 1994), niakes the Working Group consider tha.t the
anehovy iri this area has to be dealt with as a single mamigement urut for assessment purposes.

"The connections between the populatiein ofthe aDchovy in the BayofBiscay arid anchovies freim other areas, either
to the North or to the South is not dear. Junquera (1993) suggested that the anchovy in the Central and Western part
of Division VIlle may be more closely. related to the anchovy fOUnd off Western Galician coasts than with the
anchov)r at the South-east corner of the Bay of Biscay (where the major fishery takes place). Morpholo~calstudies,
as meittioned previously, are influencect by enwoninental coriditions and fuither investigations, especially ori genetie
characteristics are necessary. in order to. be more certain. The WorkiDg Group considerS tha.t for assessment and
management purposes the anchovy population along the Atlantie Iberian coasts (Division IXa) should be dealt with
a.s amanagement unit independent of the one in the Bay of Biscay. A further increase in the fisheries in these areas
weiuld allow a better study ofthe dynamics ofthe anchovy in this area arid itS connection or not with anchovies rrom
other areas.
9.2 DiStribution oe the ArichoVy Fisherh;s

FigUres 9.2.la.-d gives the distribution of the fisheries directed on anchovy in Sub-~ VllI and Division IXa reir
1996. In Sub-area VllI durlng the first quarter, the main fishery (pfedominantly the French fleet) is located around
the Gironde estuary from 44°N up to 47°N. Dunng the second quarter, the main landings (prectominantly Spanish)
were caught off the Southern part of the Ba.y of Biscay (south of 45°N), rriainly in the Sub-area.s VIII1:i and VllIc.
During the second half of the year, the major fishery is located in the North of the Bay of Biscay (Division VllIa,b)
whereasalong the Spanish coast only small catches are obtairiect by the Spamsh fleet, With some noticeable catches
frOm July to November in the central and eastern part ofDivision VllIe.

In Division IXa, in 1996 a decrease in catches was recorded, especially in IXa North. Two distinct fisheries were
obser-ved: the fIrst one was situated offNorth Portugal and the secorid one is lcicated in the Bay ofCadiz. Most ofthe
catches are landed during the fIrst and last quarter in the IXa Central North whereaS; in the Bay of Cadiz, the
principallandillgs appear durlng the last th.rcie quarters.

• ' 'fable 9.2.1 shows the distribution of catches of anchovy by quarters in the perlod 1991-i996. We can see th:lt the
distribution of the Sub-area VllI fishery is father constant during this period: the main fishirig areaS a.re VllIe Eist,
VßIb and VIlla. The distributions of catches in Divisicin rxa inainly in 1995, but also iri 1996 are different from the
1991-1994 period. The total catches in Division IXa have increased substmtially in the centr3I areas of the Atlantie
coasts (Sub-divisions IXa Central North) in 1995. and in 1996; iiicreäSed sharply in 1995. but decreasoo in the
Northern areas in 1996 (IXa North). Catches from Subdivision IXa South which sharply rectucect in 1995 increased
in 1996 to the same level a.s iri 1993. Since the anchovytends to be fished as heavily as possible because ofitshigh
price at market, in both cases the changes in the laridings will probably be reflecting changes in the abuiidarice of the
anchovy resourees in those areas (pestana WO 1996). Historically, ca.tches to the West of the lbenari peninsula
(from Sub-divisions IXa Central arid NOfth) have showed episodie incieaSes (Junquera, 1986 and Pestaria WO
1996), probably due to envireiruiiental favorable conditions (Uriafte et aL 1996).

9.3 Lengfu CompositioDS I>y Fleet aod by Couotry

Tables 9.3.1a and b show the anchovy lenith distributions in 1996 in Sub-area vm and in Division i:Xa by quarter
and Sub-divisions.
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Annuallength compositions of landings of the Bay of Biscay anchovy (Sub-area VllI) are provided by France and
Spain and those from Division IXa, only by Spain. Portugal have not provided the 1996 length distributions of
landings in Division IXa.

The length distributions in Sub-area vm are plotted in Figure 9.3.1. The length of the anchovies landed ranges
mainly from 12 and 16 cm during the first half ofthe year. France presents some reduction in the size ofa part ofthe
anchovies landed in the second quarter. This is due to the fact that pelagic trawlers retired from the fishery up to the
first of June and the French landings mainly correspond to the purse seiners which can fish small anchovy close to
the shore . On the other hand, the Spanish catches of the second quarter are characterised by bigger anchovies. This
is due to the normal pattern of availability of anchovy to the purse seine Spanish fishery according to size over the
Spring fishing season (Uriarte & Motos, 1993). For the second half of the year , the fleets continued to catch mainly
medium size or big anchovies found in Spring, except for some Spanish catches from the fourth quarter that are
partly based on small anchovy (0 age group).

In Division IXa (Figure 9.3.2), the mean length and weight in the catch in Sub-division IXa south are smaller
than those recorded from Sub-area VIII. As in previous years, a large number of juveniles are captured
(individuals with a length of less than 10 cm) in Sub-division IXa South during the first and the second halves of
the year (see Tables 9.3.1a and b). The length distributions of catches seem to reflect the growth ofthe 1 year old
anchovies during the first half of the year and to record the entry of new recruits in the fishery during the second
half of the year.

•
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-'"Table.9.2.1Catch (t) distribution of ANCHOVY fisheries by quarters and total. in the period 1991-1996:

QUARTER 1 DIVZSION IU SUB-AJUQ VZII

Ye.r IX. South IXa es IXa CN I IXa North VZIla West VIIIa eentral. VIIIa East VZIIb VI:I:I. V:I:I:Id'

QUARTER 2 DIVISION :IXa SUB-AJUQ VZII

Year IXa South IXa es I IXa CN' IXa North" VZIIa west Ivllla CentraU VIlla East VI:Ilb I VIlla· VZlld'

QUARTER 3 DIVISION IXa SUB-AJUQ VIII

Year IXa South·1 IXa es' :IXa CN I IXa North VIlla West VIlla eentra VIlla East VI:Ilb VIlla, I Vllld

QUARTER 4 DIVZSION :IXa· SUB-AJUQ VIII

Year IXa South I IXa es I :Ixa CN I :IXa North VIlla west VZ:Ila eentral! VIlla E.et VI:Ilb ' V:II:Ia VII:Id i

TOTAL DIVISION :IXa SUB-AJUQ' V:III

Ye.r IX. South IX. es" I :IX. CN· I IX. North, VIlla west VIlla eentralj VIlla Eaet VZIlb . I VII:Ia VII:Id

.'



~ab1. 9.3.1a. Length distribution ('000) of ANCHOVY in Divisions VIlla.b.e and IXa
~ eountry gear quarters and SUb-divisions in 1996

QlWmlIt 1
SUB-AUA, V%.I% DrnS%OII %Xa

......". SPADI SPADI SPU• SPllJ:R l'CIImIQ&L IPllJ:R

~ ....... lIei_ ..1_ ...... - ....... .......
(ca) V%:lIü V%%II> VJ:%%c ",t; V%IXe: C_tra1 • w_t. :er... lIOrU %XlI. e,CR,_ :eta .......
1.5 -
• 0

•• 5 -
5 -

5.5 0, -
'.5 - 285

~ - 1355

~.5 - 1996

• - 4349

•• 5 - 4135

9 - 1640

9.5 11 15 - .28

10 n 15 0 72
10.5 ~33 45 - 73

11 2068 18 91 - 3

11.5 6074 97 40 167 - 3
12 598~ 212 88 182 - 1

12.5 6319 215 77 363 - 1

11 11249 315 84 462 5 0

13.5 11604 229 99 266 8 -.. 15285 102 .6 395 so 0

14.5 8860 43 51 1063 74 -
15 9777 12 19 2235 94 -

15.5 14432 8 0 2087 78 -.. 11741 18 19 1213 69 -
".5 5848 1 6 250 so -

17 3773 1 27 35 -
17.5 2097 1 0 8 -

11 541 38 3 -
11.5 19 -

19 8 -
19.5 -
2. -

20.5 -
21 -

21.5 -
22 -

22.5 -........ 116459 1253 548 8915 473 0 14342

C&t.c:b (t) 2287 18 9 177 11 1290 41
L ayv (ca) 14.5 13.2 13.4 15.0 15.6 - 8.4
• &'YQ' (SJ) 19.6 14 .2 15.6 19.9 22.5 - 2.8

lI'Wl'I'JlR 2
SUB-&RIIA V%:n: Mv.t8%OR :eta

......". SPllJ:R IPADI SPU. SPllJ:R l'CIImIQ&L IPllJ:R

~ ....... - - ...... ...... 'fota1 ......
• ca) 'YJ:%%ü V%%Ib VJ:IXe "'t. V%IJ:c Ceat:ral " W.t. :er... 100..... %Xa e,CR, .. :eta .......
1.5 -
• -

••5 -
5 -

5.5 0

6 -
'.5 - 453

~ - 2153

7.5 - 3173

• - 6913
•• 5 - 6573

9 - 2893

9.5 192 - 837

1. 816 - 1619
10.5 3395 - 5790
11 5971 71 1482 141 - 16921

11.5 8660 876 7211 253 - 21418

12 13966 3484 14874 523 - 16632
12.5 6671 8524 25105 645 - 7871

11 9272 19462 34938 1522 3 - 26S4

13.5 9968 22588 41803 2444 4 - 827.. 8566 24857 50820 58U 28 - 454

1••5 B983 23043 47955 4188 41 - 157

15 13806 29993 55864 2924 52 -
15.5 9182 29048 42974 1989 43 0.. 5763 34397 35777 614 38 -
16.5 2698 24424 21968 612 28 -

17 2364 21694 16802 151 20 -
1".$ 611 8944 8446 137 4 -

11 143 6851 8092 13 1 -
11.5 65 5699 3002 22 -

19 39 2728 2489 237 -
19.5 26 132 10S4 -
2. 13 15 686 -

20.5 317 -
21 194 -

21.5 55 -
22 0 -

22.5 28 -........ 111170 266831 421967 22297 264 - 97351

cat:ch (t) 1863 6799 9366 405 6 229 796
L &Tg (ca) 13.8 15.5 14.9 14,.6 15.6 - 11.0
Wayv (g) 16.8 2S. S 22.2 18.2 22.5 - 8.2

- Not available
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Tab1. 9.3.11>. Length distribution ('000) of ANc:HOV1!' in Divisions VIIIa,b.c: and IXa by c:ountry. gear,

quarters and Sub-divisions in 1996.

QIWlftIl 3
WB-ARa. n:n: DrnaIOR :DCa

PItAIICa lIPUR lIPUR lIPlWI lIPlWI ~ SPAD

~ 'IOU1 - SeJ.... ..1_ SeJ._ 'IOU1 -(ca) v%%%ü V%Ub V%%lc _~ nI:l:c e-tral, a W-t :rxa_ %Xa C.CR•• :rxa _tb
3.5 - 3366

• - 20883
•• 5 - 80798

5 - 90142
5.5 - 64695

6 - 38823
6.5 - 27917
7 - 193'4

7.5 - 11044

• - 2118
••5 - 454

5 83 - 200

'.5 1297 1221 15. - 63
10 47 816 616 - 182

10.5 5180 6 1044 1915 - 191
11 2809 17 811 3675 - 221

11.5 4226 83 937 2771 - 440
12 10642 111 2733 3194 - 753

12.' 4155 157 .25. 2311 - 1791
23 26922 332 5652 1043 - 1291

23.5 31714 606 5898 418 - 973
14 35803 726 7614 540 143 - 791

14,.5 36322 631 6807 1669 199 - 6n
15 36617 681 8332 lln 192 - 546

15.5 36582 411 7848 705 74 - 438
1C 37190 466 4695 656 98 - 141

16.5 27258 196 2946 244 63 -
17 14371 176 2466 190 37 -

17.5 5120 230 1844 136 60 -
l' 900 150 391 34 12 -

11.5 643 144 209 11 17 -
19 771 65 182 23 -

19.5 386 28 137 17 -
20 129 1 -

20.5 129 -
21 129 -

21.5 -
22 -

22.' -
!'Ota.1 • 319339 5215 66923 2151. 896 - 36B338

catch (tl 6838 127 1362 280 22 189 501
L a..-sr (ca) 14.9 15.2 14.6 12.7 15.6 - 5.8
• a't'V (SI) 21.4 24.e 20.4 13.0 24.2 - 1.4

QIWlftIl 4
8UIl-_ 1/%%% DnJ:81OB Da

l'IUlIICIl lIPlWI lIP&%II SP&%II lIP&%II ..,..,..,... SP&%II

Lezllrth 'IOU1 - - ses.... sehe '1'0ta.1 sehe

(ca) v%%%ü V%%%b V:U%c: _t. n%:l:o C_~ I: "'t :rxa_ IXa C.CR•• :rxa _tIl

'.5 -
• -... -
• -

5.5 -
6 23 -

'.5 70 - 13.
7 129 - 327

7.5 229 - 3579

• 462 - 6184... 596 - n497

• 499 - 15461

'.5 619 11 - 9178

10 668 .0 - .291

10.' 27. 5.2 105 - 1430

11 58. 904 231 - 577

11.5 798 1000 213 - 140

12 1374 1507 343 - 250

12.5 1069 2131 1307 400 - 27

23 13395 2324 1"4 4" -
13.' 20324 1728 890 158 -

14 15425 1697 878 B6 36 -
11.5 16004 1035 1324 264 21 -

15 15575 497 422 101 36 -
15•• 19905 194 207 54 31 -

U 22512 221 183 47 21 -
16.5 17369 85 7 10 -

17 11912 44 2 12 -
17.5 4478 66 5 22 -

18 1787 19 2 8 -
11.5 659 36 2 3 -

19 420 1B 1 .
19.' 379 .
2. 12' -

20.5 132 -
21 132 -

21.5 -
22 -

22.S -
'1'0ta.1 • 161603 13125 13944 2500 202 - 53074

c:atch Ct) 3825 20. 158 33 5 1064 219

L &?Ir (ca) 15.4 13.4 12.2 13.0 15.9 - 9.2

• _'YIJ 'er) 23.7 15.5 11. 3 13 .2 2S. '7 - 4.1
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10 ANCHOVY - SUB-AREA vm

10.1 The Anchovy Fishery iD 1996

10.1.1 Fleets, scheme of flShing and regulation

Two fleets operate on anchoVy in the Bay ofBiscay:

Spanish purse seine fleet: Operative mainly in the spring, '''hen more than 80% of the annual catches of Spain are
usually taken. This spring fishery oPerates at the south-eastern corner of the Bay of Biscay in Divisions VIIIc arid b.
Until 1995, the Spanish ptirSe-seineIi were allowed to fish anchovy in Sub-division VIllb only during the Spring
season and under a system of fishing licences (Aiion. 1988), while Division VIlla was closed to them for the whole
year. Since 1996 this fleet can flSh anchovy throughout the year in Sub-area VIll with the same system of fishirig
Iicences.

Freöch Pelagic Trawlers: operative in summer, auiumn and Winter. Until 1992, they also operated in the Spring
season. but due to a bilateral agreement between France and Spain the spring is not presently used ::is fishing season
by the pelagic trawlers. The major fishing areasare the VIlla and b in the first half of the year arid VIlla, niainly,
during the second half. The VIllc area is prohibited to the French i:>elagic fleet

There are also some French purse-seiners located in the Basque country and in the southern part of Brittany. They
fish mainly in the spring season in VIIIb.

Since the 19805, the TAC of 30,000 t (33,000 t in 1995) has been agreed but often exceeded or not reached. The
formula for allocation is 10% for Fraiice (3.300 t)and 90% for Spain (29,700 t)~ However, since 1992, abilateral
agreement between France and Spain modifies every year the allocation between the two countries. More preeisely.
6,000 t from the Spamsh quota are 3.Ilocated to the French fleet for the second half of the year, if the French mid­
water pelagic activity for anchovy stop during the main Spahish fishery in Spring (from 20 March to 1 June). In
addition to this 6,000 t of the Portuguese qUOta from XIa were exchanged between Portugal and France, whereas 3.I1
the French catches are macte in the Bay ofBiscay (Division VIII) and as such reported to this Working Group.

10.1.2 Landirigs in Sub-area VIiI

Under these circumstaDces, total lntemation3.I landings in Sub-area VIII amounted to 34,175 tin 1996 (Table 10.1.1
and Figure 10.1.1), higher than the catch level of 1995 (29,842) and of the same level as those of 1994. The French
catches increast:d from 10,892 t in 1995 to 15,238 tin 1996 and the Spanish catch remained stable (18,950 t in 1995
and 18,937 tin 1996). As in previous years, the main Spanish fishery took place in spring (87.5%) and the main
French fishery in the second halfofthe year (72.1 %) (Table 10.1.2) (Figui-e 10.1.2).

No discards were observecl in the Spanish fishery and the discards have not been recorded in the French fishery,
although the reported French laiidings incIude the catches not sold at harboUrs.

During the first half of 1997, total international catches reached 8,350 i (preliminary data), which is lower than the
level recorded at the same period in 1996 (18,758 t).

10.1.3 Landings by Divisions

In 1996, the Spanish and French fisheries were weIl separated iemporally and spatially as in previous years. More
than 85% of the Spanish landings were caught in Division VIllc and VIllb iri spring, while the French landings were
caught in Divisions VIIIb in winter (15.3%) or in suninier in Division VIlla (71.8%) (Table 10.1.3).

10.1.4 Landings by EU caiegories

The distribution of Spanish and French landings by EU market category in Sub-area vriI by quarter for 1996 are
given in Table 10.1.4. As usual, the main landed category is T2 (30-50 fish per kg) for both cOUntries (about 60% of
the total catch).

•
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10.1.5 Effort and catch per UDit dTort

The evolution ofthe fishing fleets durUig recent years is shOml in Table 10.1.5 ami Figure iO.l.i Tbe French inid­
Water trawlers irivolved in the anchovy fishery haS mcreasedcontinuoUsly up to 1994. Afterwards this fleet slightly
in 1995 (1996 are prelimin~ data). Therefore, it seems that after the rapid increase of the French fishing effort
since 1984, we observe a certain stabilisatiOIi of the fishing effort for the last tWo years,accoi-ding to the slight
decreaSe in the number of vessels involved in the fishery. Tbe main fishing effort is concentrated in the Central and
North part of the Bay of Biscay in the second half of the year for the French fishery \\'hereas for the Spanish one, the
ffiain fishing season takes place duririg the first halfof the year in the South-easiem part of the Bay.

Tbe fishing effort de'velopw by the two cotintrles is nowadays similar aithough the fishing paitern isdifferent The
ClUTent effort may b.e at the level thai existed in this fishery at the beginiüng ofthe 1970s'(ICES 19961ASsess:2).

The CPUE of the Spanish purse-seineri during the spring fishery for anchovy is shoWn in 'fable 10.1.6. This index is
spaiiaIlylinked with the anchoryabundance in the southem area ofthe Bay ofBiscay and also, although less closely,
to the evolutionof the biomass of the whole population in the Bay of Biscay, as measuroo by the daily egg
production niethod (Uriarte and Villamor, WO 1993). Thepreliminaryindex for the first half of 1997 shoWs a
CPUE for the total cateh IIlainly lower than the one i-ecorded in 1996 (ai about half ofthat level), suggesting tbat this
age group may have diminished in comparison with previous years. However, the fact that the size of anchovies were
rather sinall, has interfered With the normal development of the fishery in this year, t>ecause ,the Spamsh markets are
not interestoo in buying anchovies of a grilin superior to 45-:-50 individUaIs Per kg. Iri this way the fishing effort on
the aiichovy may have heen deereasoo and disturbed arid so the CPUE.

10.2 F'ishery.IDdependent information

. .
with SSBi: Biomass in torines estimated by the DEPM

A+: positive sp~wning area in kJn2 . . . .
Po: Daily egg prOduction per sUrface umt (in number ofeggs per 0.05m2/day)

aIid ai and a2 are coefficient factors, parameters of the linear mOdel and I; is the terln oferror.

Tbe values included for tbe multiple regression are those of Tabie 10.2.1 concenung the surveys from 1987 to i995.
The loganthrri tr.üisformation was used to have a better distribution of the residuals and to transform the
multiplicative model into an additive one.

The following eciuation Was obtained for the extrapolation of the 1996 and 1997 biomasses :

LN(Bio) = 0.9148*1.N(Spa) +0.8655*LN(Dep) +; .
v.ith R=0.96 and % ofvanance explained =91.
The fined mOdel and residuaIs are plotted in FigUrc 10.2.2.
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In these conditiorls. we estimate the biomasses for 1996 at 39,499 tonnes and for 1997 at 51,819 tonnes.

.Y~~r I. K~~I~i"\',~' ' ;><'.'··positiveAreä.::~ :]jilllyEggProoticiioibCOiribiriea log liriearmooeL'::;·,:;:\t:~,.t::

1996 SSB estimate 41618 36633 39499
1997 SSB estimate 73342 48523 51819

The discrepancies. between the different ways of obiaining the estimates are important in the case of the 1997
although not for 1996..

, "

The DEPM surveys are. considered to be unbiased and to produce absolute figures of biomass whenever the
methodology is fully applied. The comPosition of the population was derivoo for the sUrveys froin 1987 to 1994,
based on the adult sarnpling perfOlml6<i durlng these sUrveys. However, in 1987 and 1988 the adult Sampling did not
cover the whole spawning area of anchovy and therefore some assumptions about the composition of the population
in the unsaffipled area were to oe made. Because of this, the age compositions for the DEPM surveys in 1987 and
1988 are less reliable. .

The surveys have shown that the major fr3.ction of the population is always the one year old anchovies arid therefore
the population is driven year after year by the recrwtnient at age 1.

10.2.2 Acotistic sUrfeys

The French acoustic surveys aimed at estimaiing the abundance oflbe Bay ofBiscay anchovy were stop~ in 1992.
The results of the surveys between 1983 and 1992 appear in Table 10.2.2. The figures for 1991 and 1992 were
revised and updaioo for a FAR programme on anchovy (Cendrero 00. 1994). In 1993. 1994 and 1995, only
observations concemmg the ecology of anchovy, especially lcicated close to the Gironde estuary (one ofthe major
spawning areas fOf anchovyin the Bay ofBiscay), were made. In 1997. a new acoustic sUrvey hall been Performed
for anchovy in the French waters, mainly to study the behavioUr ofthe species in the central part ofthe Bay (elose to
the Gironde estuar}r) and to investigate the relationships betWeen eCology ofanchovy arid its environment

AccoI-ding to the discussion which took plaee in 1993 (lCES 1993/Assess:7) the acoustic valties are consideroo to oe
relative indexes ofabundance and the values of 1983 and 1984 ieems to oe imderestimilted.

'. ,
The general trend in the estimates of anchovy biomass from the acoustic and DEPl\1 methods is comparable betWeen
1989 and 1992 although alarge discrepancy was observoo in 1991. Both methOds however. indicate similar trends in
the variations of the population at age 1. .

10.3 Catch in Number 3t Age

10.3.1 Catch at age in 1996

In 1996. the age distribution of the international catches of anchoVy, (in numbers) in the first half of the year
consisted mainly of l-year-old anchovies, rilakißg up 72% (Table 10.3.1). This percentage slightly increases during •
the second half of the year (75%). On an annuaI basis, both countries have got a similar percentage of catches of
anchovy at age 1 (about 73%). Approximately 25% of the catches of anchovy (in nuIDbers) consisted of imniatUi-e
fish prior to their first spawning in May.

The catches of anchovy corresponding to the Spanish live billt fishery for tuna fishing for the PeriOd 1987-1996 are
given in Table 10.3.2. Live bait catches of anchovy are rather variable depending on the availability of the different
small pelagic species and not only on anchovy.

Table 10.3.3 records the age composition ofthe international catches since 1987, on a half-yearly basis. l-year-old
anchovies predonunate in the catches during the both halves of most of the years. Afew catehes of mature, 0 age
group. appear during the second half of the year.

10.3.2 Re,ision of the catch matrix at age

In the framework of the EU contract undertaken by France and Spilln to estimate fishing and natural mortalit)' from
direct estimation methods of abundarice of small pelagic species (EU study project 95/018) arevision of the catch
matrix at age for the French and Spanish fisheries has been made.
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Tbe principal riiociifications concemed the periOd 1987 to 1989 (cf. Uriane et aL Wo i997). In 1987, additional
biological sarnples gathered byAZl1 were used to iinpro~e the age distribution oftheSpanish catches for the second
half of the :rear. In 1988, forSpaiIi areviewofthe age distribution in the catches Was made using the reading scheme
of AZTI (Uriarte in preparation). Moreover. some biological sampIes of otolithS were used to imPro~e the age
distribution of the cätches dunng the second halfof the year.

The age composition of ihe Prench catches at age were UnkDown for the yem i987 and 1988 and they had beeri
previously assumoo to be siri:ülar to the Spanish ones. Therevision nlade of the French catches of 1987 and 1988
consisted in the collection of new information concenurig the distributiOll of cOInmercial catch categories, which was
uSed to stratify the landings. Using this information arid the available biological sampling from the monitoring of the
Spanish fishery, the age composition ofthe French catches have been estimated by the first time.

in 1989, fo~ Spain, the modificarlons concerned the age distribution of Cantabnan landings during August For
France, arevision of the age distribution was made iaking into account some biological irlforritation from the Spanish
catches (otolith sampIes) and the seasonaIity ofthis fishery. ..

in 1990 and 1991, for Spain, only the age distribution of catches of the live b:rlt baats in ttina fishirig have been
revisoo. For France, some landings were added and some otolith sampIes froin Spain were usCd to improve the age
distribution.

For the period 1992 to. 1995, no noticeable changes have been made for spairi. and for Prance some sIDaillandings
not preViously recoI-ded were added.

In siunffiary, for Sp3.in the iargest differences appear among the data in the second half ofthe 1987-1989 period and
the preVious.ones. The age composition was modified.and we obServOO an increase of the proportion of 1 year old
ancho\ies and a large decrease of the proportion of the oldest age groups. Iri 1988, the chariges for the first half of
the year are the consequence of the adoption ofAZIl ageing criteria for the totaIity of Spanish landirigs. For France,
the major changesoCcur in the period 1987-1989 due tothe new or ftrst estUDates obtailled for those years. An
increase of the 1 year-old catches is also observed. We have to notice an increase in catches of anchovies from the
1988 year dass, the abUndance of which was estUDaied in 1989 by DEPM and aC0usticsurveys. The level of the
biomass of the 1988 year dass Was considered low. In these conditions, the newestimates do not seem to be in
agi-eement with the direct evaluations rrnide iri 1989, wuess those ones v:ere underestimated, which may be the case
(Santiago and Sanz, 1992). In any case, it is irriportant to consider that the precision of the estim3.tions obtained on
age 2 and IriainIy on age 3 are generally low becaUse these age groups constitUte a small fraction of the landings
(fable 10.3.4).

10.4 Mean We;ght at Age

Mean weight at age of the anchoVies caught by the cörriinercial fishery are shoWn in Table 10.4.1. The French mean
weights at age in the catches were based on biological sampling from scientific sUrvey and commercial catches.
Spanish mean wdghts at age were calculated from routine biological sampling ofcommercial catches.

• ' Large differences are observed betweeri the mean weight of age groups caught by the SpaDish and the French fleets
over the past year 1996. These differences can be explamoo by the different seasons and fishing gfounds of the two
fleets. For instance, during the first hätf of the year the French landmgs were made during the first thfee months
while.the Spanish ones were 1llade dUrlng the last thfee months. On the other hand, dunng the seCond quarter, the
French catches afe mainly larided by small purse seiners that fish sniäII size anchovies dose tothe cOast. while the
Spanish pUrse seine baats fish bigger anchovies on offshore grounds. In the second half of the year, the French
landings wen: caü!;ht in Divisions VllIa and b, whereas the Spanish ones were Inainly caught in Vllic.

AnIlual mean weight at age in ihe fishery and in the stock are shoWn in Table 10.6.1 (see Sub-Sectlon 10.6). The
values for the fishery represent the weighted averages of the half year values per cotintry, accolding to their
resPective catches in nWnbers at age. The values for the stock are the mies. estiffiated for the spawrierS during the
DEPM sUrveys of 1990-1995 (reported in Cendrero 00.,1994 and Motos et aL 1995).
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10.5 Maturity at Age

As reported in previous years' reports. anchovies sm fully mature as soon as they are i year old. at the folloWing
Spring after they were spaWned. No differences in specific fecundity (number ofeggs per gram ofbody weight) have
beeri found according to age (Motos 1994).

10.6 StOCk Assessment

An Integrated Catch at Age analysis. which assumes a separable model offishing mortality, has beeil uSed for.the
assessment of the anchovy in the Bay of Biscay from 1987 to 1996 (\\ith the ICA package. Patterson and Melvin
1996). The assessment is siIDilar to the one implemented in 1996 for the period 1987-1995 in this Working Group.
Inputs are sUDUIlarised in Table 10.6.1. The assessment uses as tuning data the DEPM(l987-1997) and the Acoustic
(1989-92) figures as bioinass and aS population numbers at age estimates. For 1996 and 1997, the biomaSs estirriates
us6d in the DEPM SSB tuning data are the ones obtained from the combined log-linear model of spa\\ning area and
Daily egg production Per unh area for the prediction of biomass (see Section 10.2.1 arid Motos er aL wo 1997). The
Acoustic and DEPM estimates are considered as relative and absolute estirriates respectively. The assessment
assumes a constant natural mortalitY of 1.2. around the average value estimated earlier at this working group (ICES
1995/ASsess:2). The assessment starts in 1987 when the DEPM began to be applied. However the cateh data ofyears
1987 and 1988 is down-weighted in the arialysis because for those years, aIthough now reVised, the French catch at
age data are considered to be more unreliable than for the rest of the yem. In addition, the DEPM population as
numbers at age estimates for those years, were not as reliable aS for the following ories. Ages 4 and 5 are heaVily
dOWn-weighted due to the small fraction of the cateh they represent and to the large imprecision of the estimates.
Results are presented in Tables 10.6.1. and Figures 10.6.1. e
The model was fitted by a non linear minimisation of the following objeetive function:

a=4y=96 2 y=97 ( 4 )L LA.a.Y(Ln(Ca•y)-Ln(Fy 'Sa.Na,y)) + L[ Ln(SSBDEP~i)-i..n LNa,y ,Oa' Wa,y .exp(-ppFy ,Sa -1l.1.M) f
a=Oy=87 y=87 a=l

96 3+, . . . , . 2
+L L[Ln(SPoEP~f.a,y)-Ln(Na,Y'Oa.Wa,y,eXP(-PF·Fy·Sa-!\f'M))] +

y=87 a=l

L [Ln(SSBacOUStiC)- Ln(QacoUStiC±Na,y ·Oa· Wa,y .exp{ -ppFy 'Sa -!\f.M ))11
2

+
y=1989,91,92 a=l J

U .' . 2
:2, :2,[Ln(SPacoUStic)-Ln(Qa,y .Na,y 'Oa' Wa,y .exp(-pp.Fy 'Sa -1\1 .M))]

y=89,91,92 a=l

with constraints on : S2 =S4=1 and F97 =F96

and N : average exploited abundance over the year.
N: population abimdance on the first of January.
0: maturity ogive. percentage of maturity.
M : Natural MoitaIity.
Fy : Annual fishing mortality for the separable model.
Sa : selection at age for the separable model. .
Pf and PM : respectively proportion ofF and M occurring until mid spawrnng time.
Ca,y : catches at age a the year Y.
Oa and Oa,y: catehabilitY. .
SSBOEPM and SSBacoust : Spawning Bionlass estimates from DEPM and Acoustic methods.
SPDEPM and SPa<:OUSl : Spawning populations at age from DEPM and acoustic methods.
itQ,r : weighting factor for the catches at age.

The results show (as in previous years) that the sum of squares curve has not a weil definoo minimum when plotted
against fishing mortality in the last year ofthe analysis (see Figure 10.6.1). Nevertheless the assessment seems to be
driven by the Spawning Biomass estiIDates by the DEPM which is the longest and most consistent independent

•
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estiDiaie of the population in absolute tenns. This inde.x: shows adefined minimum at the converged level of fishing
mortality iri the analysis. Tbe log-variance of the Populations estimates from the model versus the tuiüngindices
sterns reaSonable, but the stTOng vanations in abUndance from year to year suggested by the direct DEPM estiIDaies
are not foUowed iri parallel by the model (Figufes 10.6.1). Tbe separable model presents rnther big level of absolute
residuals both across yearS ~d ages (Figure 10.6.1), perfoiming the best for age 1 (the most importailt age group in
catches).Figure 10.6.2 compares the series ofrecruitment, Fishing mortality and Spawning Biomass obtained from
the assessments calculate these last 1WO years. Tbe output levels of fishing mortaIity although about 10 % lower than
those resulting from the past year assessment show similar trends along the period, increasing in 1991 and dropping
later on to the same levd as inferroo for the 1987-1990 period(at a Fbar•.3 between 0.55 and 0.7) increasing slightly
in the last year. The reasoll for this drop is not dear, and probably reflects the uncertainty asSociatoowith this
assessment. Tbe recruitment and spawning biomass estiriiates in 1996 are similar to the ones calculated in this
aSsessment (Figure 10.6.2).Tbe Working Group considers that this. ,assessinent shows reasonably weIl the reeent
trendS in population abundance and fishing mortality according to the informationavailable. From the outPut stock
Summary the ocly reference about the stock sire has to be the spaWDing biomass and not the totaI stock siie becaUse
the latter includes the biomass of the age 0 group ai the beginning of eveiy year (when it does not exist). The stock
sUIIUIiaiy ofthis assessment is presentect in Figure 10.6.3.

10.7. RecnrltIDent and enVironment

\ '. . - '

The Potential use of the above reIationship between the up\Velling index and subsequent recrwcinerit for ,the
prediction of the recruitment is evident since theoretically it may be estiffiated after each spawning season because
the upweUirig index is measured for the period : March-July. Iri the current case ,v,'here the upweUing index for 1996
and 1997 have been provided (BoIja et aL WD 1997), the index may be Used to help for the selectioit of likely levels'
ofreerwtments in these years which will be the basis for any provisions ofcatch option for the next coming year.
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Stock size is at a gi-eatly reduced level compared to the 19505 and i960s. There is the possibilitj that the larger fleet
which existed in those yem coUId have 100 to over-fishing, but it Carinot be proved. The Possibility that
environmental factors have caUsed the reduction of the stock has also l>een considered (Junquera, 1986). The
association between the .upwelling index and recriütnient seems to eridoi:se the latter hypothesis and Hili· the
dynämics of the anchovy population With that of the environment and climate regimes in the Bay of Biscay~

Nevertheless, the likely role of the average level of the parental stock on the recrwtment, and thus thai of the fishing
factor, should not be neglected, but further studied.

10.8 Catch Forecast

A detenninistic catch forecast based on the number of fish at the beginning of 1997 estirnated by the ICA assessment
and a recruitment at age 0, equal to the geometrie mean of those estimated since 1987, have been made. The
projections at F statUs quo suggest catches around 33 thousarids tonnes in 1998 and a spavlning biomass at alevel of
45,000 t in 1998 as weIl as in 1999. The assUmptions for 1997 ale only approximate. Ori the one tmnd the spa\'i.ning
biomass predicted for 1997 is about 54,000 t at a similar level ofbiomass to the one indicated by the DEPM survey'
performed in this year. On the other hand th~ catches predicted for 1997 (36,000 t) seem to be too high due to the
fact thai the Spanish spring fishery which Usually accounts for about 50 % of the international fishery, haS only got
6,350 t (as mentioned earlier in § 10.1.5. This is probably due to the sInalI size ofanchovies caught this year and not
bought by the Spanish canneries).

The uncertainties associated to this projection are very high, specially linked to the strong dependency of the fishery
on the level of the 1 year old recruitsand to the high vanability associatOO to the recrwtment itself, apart from an the
uncertainties ofthe parameters estirnated by the lCA model. __

The use of the upwelling index may help to improve the accuracy.of this catch options. In this caSe the upwelling
index suggest a level ofreCruitment at age 0 in 1997 higher than the geometrie mean, and therefore higher levels of
catches rnight be expected in 1998 (about 35 % higher) if those predictions becöme true. However, the approach
followed in this forecast has been the adoption ofthe geometrie mean as a conservative rule in order to avoid risking
situations for the stock in ease of the recruitment being WOfse thari the level the upwelling index suggesis. At the
moment the Working Group considers it appropriate to check the perforlnance of the forecast baSed on the upwelling
index by inaking some simulations with retrospective analysis or Monte-Oirlo simulations before proViding
quantitative advice on its basis.

Sbort- and medium-term considerations

Ifmedium-term projections referS to the penod between the assessment arid the time when the most recently assessed
year classes will not eontribute any more to the catches of the fishery, then for the Bay of Biscay anchovy this period
is probably two years including the eurrent one. For that reason a probabilistie forecast of the fishery in 1997 and
1998 has been performed. in order to check the risk for the spawning stock of falling below the Bw.;. of about
18,000 1. These has been done with a siniulation using the same inputs as the deterministie short term forecast
(Jiutting in this case stochastierecrwtment at the geometrie mean ofthe pericid 1987 to 1996 estimated with the ICA
pacIciige). Two options have been made: cateh eonsiraint with a TAC equal to 33,000 tonnes aI'ld a stochaStie F eqUaI •
to that of 1996 whose CV was estiniated with the JCA program used for the assessment. The Table 10.10.1. shows
the rnain result obtainOO. For the 2 options mentioned above, the stocks would be arourid 55,000 and 48,000 tannes,
during the spav.ning season,iri 1997 and 1998 resPectively. The catehes With the TAC options would be eonstrained
at 33,000 tonnes in 1997 arid 1998 and with the other option around 37,000 and 33,000 teiimes in 1997 arid 1998
respectively. This is all in a general agreement with the above deterministie projection.

On the 500 trajectories perforrned to calculate the spav.ning stock biomass only 5% of the values are below 24,070
tonnes in 1997 and 19,310 tonnes in 1998. That means that tinder the hypothesis ofmean recruitInent and constant
natural mortality, the probability to be below the Bnn; Vlas very low iri 1998 (approximately less than 5%). These
estimated probabilities are calculated on the assumption ofconstant naniiaJ. mOrtality, although there is evidence that
this may have been variable in the past. Therefore results presented here eaphire only apart of the variability in stock
dynamies and estimates ofthe risk uncertainty could therefore be underestimated.

The above exercise is the fIrst probabilistie projection made for the rishery of anchovy in the Bay of Biscay, the
implementation of the guidelines for the precautionary approach suggested below will require some more complete
projection of the fishery including for each management option a) the risk of falling below the Precautionary
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Spav.ning Biomass (Bpre) in the year of the Management and b) the risk of faIiing below the Bnm at status quo the
next year arter the management

10.9 - Comments on Assessment

The estirriates of the fishing mOrtallty provided by the preVious assessment are mostly dependent on the accuracY of
the direct estiritates of biomass of the DEPM. since this is the most complete series of surveys in the period asses5ed
and it is driving the assessment. In general the ratio of catches to this direct estimates of biomass are setting the
average level of the fishing mortality estimated for. tI1e fishery. Improvement of the moitalit)r estiritates could be
made by takIDg into accOlint the errors associated With the SSB estimates. .

The current lev~is offishing moriaIitY (Fbar for tbe ages 1-3 at about O.7)are below the ltlceiy 1.2 value for natlJra1
mortality. The exploitation pattern indicaies a negligible exploitation of the 0 group and a moderate fishing pressure
on the age 1. far below the one exerted over the two arid older years-old anchovies. Although the population consists
mainly of 1 year-old anchovy that rt~ach their first matUrltyin May-June. more than half of the fishing mortality on
this age group takes place during and arter the spawnmg seaSon and therefore ahigh j>ercentage of the. population is
able to spaWn. On the basis of this considerations it can be said that the current exploitation pattern regaroing 1 year
old anchovies is generally conservative. Figure 10.10.1 shoWs the yield and spawning biomass per recrwt compared
with the Virgin state using the fishing mortality at age estimated for 1996, increased aild decreaSed by 1 standard
deviation. This figure shows that in the current situation the biomass per recruit of the population is cIoSe to be
Teduced (hut not yet) to about half of that expected without any fishery.

The high fishmg moitality recorded in 1991; when the stock waS at a very low level mayindicaie that the catehability
of the fleets rnay increase at decreasing trends in the stock abundance. making the stock sUscc:prlble of over-fishing
in period of low abiuidance (Pitcher 1995).

Theanalysis of catch data at age shows a decrease of the meanage of anchoVies in the catch since 1987. This fact
associatedWith the increasing fishing effoit seems to iridicate an increasing tendericy in the fishing mortality on that
sPecies iri the recent years. The prior asseSsment has shown it up to 1991 but afterwards the fishing mortality drops
doWn to the Same level as that in 1987-90. This recent deereaSe rnay due to the higher levels of the population
recorded in the recent yem 1992-1994 and to the stabilisation of the Frerich fleet fishing for anchoVy arid reduction
of itS fishirig seaSon to the first half of the year. before the spawning seaSon (see bilateral agreement between Spain
and Fränce since 1992).

10.10 Reference PointS for Management PUrposes
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10.10.2 Fishing mortality targets

The exploitation ofpelagic species shouid be undertaken with.special care, keeping the exploitation ofthe stock at a
moderate level of fishing mortality provided the riskS of overfishing 3.t low levels of biomass of this species and
takirig into account the historical collapses of sevefaI of these stocks (Ulltang 1980, Csirke 1988, Pitcher 1995). In
this sense Macer and Sissenwine (1993) state that the higher the natural mortality the bigger should be kept the
jx:rcentage of spaMÜ~gbiornass per recruit in relation to the Virgin state (without fishing) (the criteria of %SBR).
Tbey also indicate that the sniaIl pelagic species could t>e poor resistant to exploitationand for these sP6cies the
%SBR corresponding with the F~ can be as highas 40% or even in some cases 60%. Patterson (1992) suggest that
a moderate and sustainable rate of exploitation could be reached at 0.67 M. However one problem associated to
these reviews is that they are based on the knowledge acquired on medium size arid not too short living species
compared with the anchovy. NevertheleSs, at the CWTent state of knowledge on this sPecies they may be taken as an
indication about sustainable levels of fishing mortality. . .

The CWTent assessment suggests that average fislung mortaIitY on ages 1 to 3 (0.7) meets the criteria of Patterson
(1992). In addition, the % SBR obtained for this population is slightly above 50% (Figure 10.10.1) what satisfies the
criteria %SBR ofMacer arid Sissenwine (1993) for Pelagic sPecieS. Therefore, the pattern offishing mortality ofthis
fishery coUId be sustainable frOm a long term point of view, provided that the risk of over-fishing at low levels of
abimdance is avoided by a elose monitoririg of the fisheiy coupled with an adaptative and fast managing system.

A reference Fpa for this population can be stiggested at the level of 50 %SBR what seeins to be, Withthe current
fishing pattern, at an Fbar for ages 1-3 at about 1 to 1.2, so just at or below the average natural mortality. Tbe
current fishing levels seems to be below the Fpa (see Figtire 10.10.1)and therefore not at a dangerou.s level. However,
taking into account a) the likely variability of the natural mortality, b) the uncertainties of the assessment (specially
for the latest levels of F) and c) the risk in the fisheries of small pelagics of mcreasing the catehability at low levels
of biomass, it seeIns that it coUId be difficult to manage from mortality targets to a given mortality value. In addition
the changes of fishing moi1aIity by changing the fishing effort are hardly to be implemented. Becau.se of this, for
rnanaging puiposes the references given for spawning biomass levels seems more practical and swtable.

10.11 Management Measures and Consideration

According to the Possible tools for monitoring the stock (DEPM surveys in May, acousrlcs at the end or beginniDg of
every year arid the upwelling index) the following scenarios for quantitative management are presented fOf
consideration.

2.1 + Submission ofAdvice on the level of allowable catches Within sare biologicallinuts on the basis of the DEPlvl
estimates of biomass arid numbers at age. This scenario does not include an estimate of recruitment for the year 3.t
the start of the season. Therefore, to reduce therisks of over-exploitation in years of poor fecruitment, a more
conservative approach to management needs to be taken.

2.2 + Submission of Advice on the level of allowable catches within safe biologicallimits using a predictor of the
new recruitment such as the upwelling index of the year prior to the management, and the survivors expected from
the previous year. The DEPM wouJd provide absolute estimates of spawning biomass every year and wouJd serve as
starting point to estimate the survivors for the next yem. This approach should allow, \\ith suitable estimates, a less
conservative approach to management. In this year \\'e have been in. the position of giving options of catches
according to the DEPM arid upwelling index obtained in 1997. By the moment the Working Group considers
convenient checking the performance of the forecast based on the upwelling index by making some simulations With
retrospective analysis or Mont~-Carlo simUlations before providing a quantitative ädvice on its basis. The upwelling

•

E:\ACFM\WOMHSA98\REPORT1lS.DOC 07/10197 312



•

------ --------------

index suggested higher level of cateh options for 1998 than the geometrie mean, therefore the current approach has
been conservative.

2.3 + Submission of Advice on the level of allowable catehes within safe biologicallimits making use of an estimate
of coming recruitment obtained by means of an acoustic survey. The DEPM would complement the system
providing estimates of absolute levels of spawning biomass every year and would be use to forecast the survivors for
the next year. The frequency of the DEPM surveys could be relaxed once the management approach has proved to
be satisfactory. This strategy would also allow a less conservative approach to be taken.

The benefits and costs of management approaches based on more or less precise information on coming recruitment,
as has just been described, should be tested by simulation studies using assessment models. The relative benefits of
2.2 and 2.3 would depend on the precision and accuracy of the upwelling index as a predictor of recruitment, and the
recruitment survey. This should also be investigated by simulation studies.

In order to implement a rigorous management of the Bay of Biscay Anchovy, precise infonnation on the abundance
of the stock provided on regular basis is absolutely necessary. The assessment and scientific advice for a species like
anchovy rely heavily on this direct methods. It is therefore necessary that the countries involved on the fishery
guarantees sufficient support to the stock direct monitoring (i.e. by Acoustic or DEPM methods), in order to come
out with an optimal management of the fishery.
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Table 10.1.1: Annuol eotehes (in tonnes) of Boy of Biseoy onehovy (Subarea VIII)
As estimoted by the Working Group members.

COUNTRY FRANCE SPAIN INTERNATIONAL
YEAR Villob VIIIbe VIII

1960 1.085 57.000 58.085
1961 1.494 74.000 75.494
1962 1.123 58.000 59.123
1963 652 48,000 48,652
1964 1,973 75,000 76,973
1965 2.615 81,000 83.615
1966 839 47,519 48,358
1967 1,812 39,363 41,175
1968 1,190 . 38.429 39,619
1969 2.991 33.092 36,083
1970 3,665 19,820 23.485

. 1971 4.825 23,787 28,612
1972 6,150 26,917 33,067
1973 4,395 23,614 28.009
1974 3,835 27,282 31,117
1975 2.913 23,389 26,302
1976 1,095 36,166 37,261
1977 3,807 44,384 48,191
1978 3,683 41,536 45.219
1979 1,349 25,000 26,349
1980 1,564 20,538 22,102
1981 1,021 9,794 10,815
1982 381 4,610 4,991
1983 1,911 12.242 14,153
1984 1,711 33.468 35,179
1985 3.005 8.481 11.486
1986 2.311 5,612 7.923
1987 4,899 9,863 14,762
1988 6.822 8,266 15,088
1989 2.255 8.174 10.429
1990 10,598 23,258 33.856
1991 9,708 9,573 19.281
1992 15,217 22.468 37,685 •1993 20.914 19.173 40,087
1994 16,934 17,554 34.487
1995 10,892 18,950 29.842
1996 15,238 18,937 34,175
1997 2.000 6,350 8,350 (*)

AVERAGE 4.780 29,575 34.360
(1960-96)

(*) Preliminary data for the first half of the year

Aetualizaeion: Completo hasta 1996 inelusive el 29 de Julio dei 97 por I. Rieo
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Table 10.1.2 Monthly catches of the Bay of Biscay anchovy by country (Sub-area VIII)

COUNTRY: FRANCE Unlts: t.

. YEAR\MONTH J F M A M J J A S 0 N 0 TOTAL
1987 0 0 0 1113 1560 268 148 582 679 355 107 87 4899
1988 0 0 14 872 1386 776 291 1156 2002 326 0 0 6822
1989 704 71 11 331 648 11 43 56 70 273 9 28 2255
1990 0 0 16 1331 1511 127 269 1905 3275 1447 636 82 10598
1991 1318 2135 603 808 1622 195 124 419 1587 557 54 285 9708
1992 2062 1480 942 783 57 11 335 1202 2786 3165 2395 0 15217
1993 1636 1805 1537 91 343 1439 1315 2640 4057 3277 2727 47 20914·
1994 1972 1908 1442 172 770 1730 663 2125 3276 2652 223 0 16934
1995 620 958 807 260 844 1669 389 1089 2150 1231 855 22 10892
1996 1084 630 614 206 150 1568 1243 2377 3352 2666 1349 0 15238

Average 87-96 940 899 599 596 889 779 482 1355 2323 1595 835 55 11348
In percentage 8.3% 7.9% 5.3% 5.3% 7.8% 6.9% 4.2% 11.9% 20.5% 14.1% 7.4% 0.5% 100% "

, .
• «

Average 92-96 1475 1356 1068 302 433 1283 789 1886 3124 2598 1510 14 15839 -

\.>J In percentage 9.3% 8.6% 6.7% 1.9% 2.7% 8.1% 5.0% 11.9% 19.7% 16.4% 9.5% 0.1% 100%-VI

COUNTRY: SPAIN

YEAR\MONTH J F M A M J J A S 0 N D TOTAL
1987 0 0 454 4133 3677 514 81 54 28 457 202 265 9864
1988 6 0 28 786 2931 3204 292 98 421 118 136 246 8266
1989 2 2 25 258 4295 795 90 510 116 198 1610 273 8173
1990 79 6 2085 1328 9947 2957 1202 3227 2278 123 16 10 23258
1991 100 40 23 1228 5291 1663 91 60 34 265 184 596 9573
1992 360 384 340 3458 13068 3437 384 286 505 63 94 89 22468
1993 102 59 1825 3169 7564 4488 795 340 198 65 546 23 19173
1994 0 9 149 5569 3991 5501 1133 181 106 643 198 74 17554
1995 0 0 35 5707 11485 1094 50 9 6 152 48 365 18951
1996 48 17 138 1628 9613 5329 1206 298 266 152 225 17 18937

Average 87-96 70 52 510 2726 7186 2898 532 506 396 224 326 196 15622
In percentage 0.4% 0.3% 3.3% 17.5% 46.0% 18.6% 3.4% 3.2% 2.5% 1.4% 2.1% 1.3% 100%

Average 92-96 102 94 497 3906 9144 3970 714 223 216 215 222 114 19417
In percentage 0.5% 0.5% 2.6% 20.1% 47.1% 20.4% 3.7% 1.1% 1.1% 1.1% 1.1% 0.6% 100%
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Table 10.1.3: ANCHOVY catches In the Bay of Blscay by country and divisions In 1996

COUNTRIES DIVISIONS QUARTERS CATCH (f)
2 3 4 ANNUAL %

SPAIN Villa 0 0 0 0 0 0.0%
Vlllb 18 6799 127 204 7148 37.7%
VIIIC 186 9771 1642 191 11790 62.3%

TOTAL 203 16570 1769 394 18937 100.0%
% 1.1% 87.5% 9.3% 2.1% 100.0%

FRANCE Villa 0 0 6930 4016 10946 71.8%
Vlllb 2327 1924 44 0 4295 28.2%
VIIIC 0 0 0 0 0 0.0%

TOTAL 2327 1924 6974 4016 15240 100.0%
% 15.3% 12.6% 45.8% 26.3% 100.0%

IN- INTERNATIONAL Villa 0 0 6930 4016 10946 32.0%0\

Vlllb 2345 8723 171 204 11442 33.5%
VIIIC 186 9771 1642 191 11790 34.5%

TOTAL 2530 18494 8743 4410 34178 100.0%
% 7.4% 54.1% 25.6% 12.9% 100.0%
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Table 10.1.4: Bay of Biscay ANCHOVY catches (t) by country and EU market categorles In 1996

QUARTERS

COUNTRY EEC CAT. 1 2 3 4 ANNUAL %

SPAIN Tl 0 1,302 2 0 1,304 6.9%
T2 0 11,735 784 49 12,568 66.4%
T3 44 3,100 678 211 4,034 21.3%
T4 160 433 305 134 1,032 5.4%

TOTAL 203 16.570 1,769 394 18,937 100.00J6

FRANCE Tl 7 47 430 439 923 6.1%
T2 1,224 1,026 3,863 2,389 8,503 55.8%
T3 1.083 417 2,668 1, 187 5,355 35.1%

VJ T4 12 434 11 0 457 3.0%--..I
TOTAL 2,327 1,924 6,972 4,016 15,238 100.0%

INTERN. Tl 7 1,349 432 439 2,227 6.5%
T2 1,224 12.761 4,647 2,438 21,071 61.7%
T3 1,127 3,517 3,346 1,398 9,388 27.5%
T4 172 866 317 134 1,489 4.4%

TOTAL 2,530 18,494 8,741 4,410 34,176 100.0%

Tl : <== 30 anchovies/Kg.
T2: between 31 and 50 per Kg.
T3 : between 51 and 83 per Kg.
T4: more thon 84 per Kg.
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fable 10.1.5: Evolution of the French and Spanlsh fleet for ANCHOW In Subarea VIII
(from Workfng Group members). Unlts: Numbers of boats.

France Spaln
Year P. seiner P. trawl Total P. seiner total
1960 52 0(1) 52 571 623
1972 35 0(1) 35 492 527
1976 24 0(1) 24 354 378
1980 14 n/a (1) 14 293 307
1984 n/a 4(1) 4 306 310
1987 9 36(1) 45 282 327
1988 10 61 (1) 71 278 349
1989 2 51 (1) 53 215 268
1990 30 80 (2) 110 266 376
1991 30 115 (2) 145 250 395
1992 13 123 (2) 136 244 380
1993 21 138 (2) 159 253 412
1994 26 150 (2) 176 257 433
1995 26 120 (2) 146 257 403
1996 26 120 (2) 146 251 397
1997 26 n/a (2) 26 273 299

(1) Only St. Jean de Luz and Hendaya.
(2) Maximun number of potential boats; the number of pelaglc trawllng gears Is roughly half
of thls number due to the fishing in pairs of mld-water trawlers.
n/a =Not available.
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TABLE 10.1.6 Catch p~~ unit effort of anchovy from the Spanish Spring fishery in the Bay of Biscay
(Average catches per boat and fishing day) (From WG members)

(Provisionai)
YEAR 87 88 89 90 91 92 93 94 95 96 97

CPUE/PERIOD 03-06 03-06 04-06 04-06 04-06 04-06 04-06 04-06 04-06 04-06 04-06
CPUE (t) 0.9 0.7 0.8 1.5 1.2 2.5 1.7 1.6 2.6 2.2 0.8
CPUE 1 (#) 13.8 19.7 16.1 63.4 29.3 86.3 46.7 26.5 52.6 69.6 30.7
CPUE 2 (#) 12.2 5.8 13.7 4.4 20.2 16.6 29.7 32.6 29.6 21.2 9.3
CPUE 3 (#) 2.8 0.7 1.2 0.8 0.4 1.3 0.1 4.6 8.2 1.9 0.1
CPUE4+ (#) 2.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.3 0.0

CPUE 2+ (#) 17.5 6.6 14.9 5.3 20.6 17.9 29.8 37.2 38.3 23.4 9.4
CPUE 3+ (#) 5.3 ·0.9 1.2 0.8 0.4 1.3 0.1 4.6 8.8 2.1 0.1

# In thousands
* CPUE values fer the years 1988-89 are updapted acordlng to the revlsed catches at age of Spring from Urlarte et 01. WD 1997

VJ-\0
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TABLE 10.2.1 Dally Egg Productlon Method.: Egg surveys on the Bay of Blscoy anchovy.
(trom MOlOS & URIARTE WD1993. MOlOS et 01. 1995 ond MOTOS et 01. WD 1997)

YEAR 1987 1988 1989(') 1990 1991 1992 1993 1994 1995 1996 1997
(Prellmlnary)

Period of year 2-7June 21-28Moy 10-21 Moy 4-15May 16May-07Jun 16May-13Jun No surveyl7 May-3June 11 - 25 May 18 - 30 Moy 9 - 21 May
Positive orea (km2) 23850 45384 17546 59757 24264 67796 48735 31189 28448 50133
Surveyed area (km2) 34934 59840 37930 79759 84032 92782 60330 51698 34294 59587
Po (Egg per 0.005 m"2) 4.6 5.52 2.08 3.78 2.55 3.12 4.39 5.21 4.01 3.015
Dally egg productlon 2.20 5.01 0.73 5.02 1.24 5.81 4.48 3.25 2.28 3.02
Exp(-12) C.v. 0.39 0.24 0.4 0.15 0.06 0.14 0.14 0.09 0.09 0.215

SSB Indlrect Estlmates
SSB (t) 29365 63500 11861 97239 19276 90720 70940 63208 39499(") 51819(")

C.V. 0.48 0.31 0.41 0.17 0.14 0.2 0.16 0.12

TOTAL # 1129 2675 470 5843 965.6 5797 3516
C.V. 0.14 0.25 0.18

w
IV

No/age: 1 656 2349 246 5613 670.5 5571 24570

C.V. 0.16 0.26 0.23
(mIlIIons) 2 331 258 206 190 290.3 209.3 1005

C.V. 0.17 0.22 0.19
3+ 142 68 18 40 4.8 16.7 54

C.V. 0.42 0.51 0.28

(') Ukely subestlmate occordlng to authors (Motos &Santlago.1989)
(") Estlmotes based on 0 log lineal model of blomoss os tunetion of positive spawnlng areo and Po (Egg productlon per unlt area)
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rable 10.2.2 Evaluation of abundance index from French acoustic surveys

1983 1984 1989 (2) 1990 1991 1992
20/4-25/4 30/4-13/5 23/4-2/5 12/4-25/4 6/4-29/4 13/4-30/4

Surveyed area 3,267 3,743 5,112 3.418 (3) 3388 (3) 2,440

Density (tlnm(**2» 15.4 10.3 3,0 14.5-32.2 (4) 23.6 32.8

Biomass(t) 50,000 38,500 15,500 60-11 0,000 (4) 64,000 89,000

Number (10**(-6» 2600 2,000 805 4,300-7,500 (4) 3,173 9,342

Number of l-group(l 0**(-6» 1,800 (1) 600 400 4,100-7,500 (4) 1,873 9,072

(1) Rough estimation
(2) Assumption of overestimate
(3) Positive area
(4) Must be revised
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Table 10.3.1 ANCHOVY catch at age in thousands for 1996 by country, division and quarter
(without the catches from the live bait tuna fishing boats).

QUARTERS AND MAIN DIVISIONS
units: thousands

QUARTERS 1 2 3 4 Annual total
SPAIN AGE Vlllbc Vlllbc VIIIbc Vlllbc VJllbc

0 0 0 19.410 24.726 44.136
1 9.748 532.379 62,007 4.656 608.790
2 727 162,283 11.697 184 174.890
3 241 14.220 497 2 14.960
4 0 2,213 42 0 2,255

TOTAL(n) 10.715 711.095 93.652 29.568 845.031
WMED. 19.09 23.19 18.84 13.80 22.33
CATCH. (t) 203.5 16.570.0 l.769.5 394.4 18.937.4
SOP 204.5 16.491.5 1,761.9 408.4 18.866.3
VAR.% 100.51% 99.53% 99.57% 103.55% 99.62%

FRANCE AGE Vlllab Vlllab Vlllab VIIIab Vlllab

0 0 0 12,055 44.881 56.936
1 41.655 99.227 280.857 102,543 524.282
2 58.143 11.942 26.488 14.265 110.838
3 16,630 1 0 0 16.631
4 0 0 0 0 0

TOTAL(n) 116.428 111,170 319.400 161.689 708.687
WMED. 19.99 17.30 21.83 24.84 21.50
CATCH. (t) 2,326.9 1.923.8 6.971.8 4.015.7 15.238.1
SOP 2,235.4 2, 134.5 7.282.3 3.686.5 15.338.7
VAR.% 96.07% 110.95% 104.45% 91.80% 100.66%

QUARTERS 2 3 4 Annual total

TOTAL AGE VJllbc Vlllbc VJllbc VIIIbc VJllbc

Sub-area VIII 0 0 0 31.464 69.607 101.071
1 51.403 631.606 342,864 107.199 1,133.072 •2 58.870 174.225 38.185 14.449 285.729
3 16.871 14.221 497 2 31,591
4 0 2213 42 0 2255

TOTAL(n) 127.144 822,264 413,053 191.257 1.553.718
WMED. 19.91 22.40 21.15 23.13 21.95
CATCH. (t) 2,530 18.494 8.741 4.410 34.176
SOP 2,440 18.626 9.044 4.095 34.205
VAR.% 96.43% 100.71% 103.47% 92.85% 100.09%
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Table 10.3.2
Spanish half - yearly catches of anchovy ( 2nd semester) by age in ('000)
of Bay of Biscay anchovy trom the live bait tuna fishing boats.

(trom ANON 1996 and Uriarte et al. WD1997)

Age 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996

0 10,020 97,581 6,114 11,999 12.716 2.167 3,557 7,872 10,154 8,102
1 24,675 17,353 6,320 21,540 13,736 14,268 20,160 5.753 10.885 6,100
2 1,461 203 1,496 139 0 0 477 209 522
3 912 3 0 0 0 0 0 0 0

Total 37,068 115,140 13,930 33,677 26,452 16.435 23,717 14,102 21,248 14,724
Catch (t) 546 493 185 416 353 200 306 143.2 273.2 197.5

meanW(g) 14.7 4.3 13.3 12.4 13.3 12.1 12.9 10.2 15.8 13.4
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lable 10.3.3 : Cafches af age 01 anchovy 01 Ihe flshery In Ihe Boy 01 Biscay on hall year basis os reported up 10199610 ICES WGs.
Unlts: lhousands The cafches al age ore equal 10 Ihe addnlon 01 lhe oge composnlon 01 londlng ond live bon colches 01 onchovy

(From Urtorte el 01.. 1997 WO)

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
lslhall 2nd hol Islholl 2nd hol 'stholl 2nd haI IstMil 2nd hol Ist half 2nd hol lstMlf 2nd hol Ist half 2nd hof IstMlf 2nd hof Islhalf 2nd hof Islhall 2nd hof

0 38.140 0 150.338 0 180.085 0 16.984 0 86.647 0 38.434 0 63.499 0 59.934 0 49.771 0 109.173
218.670 120.098 318.181 190.113 152.612 27,085 847.627 517.690 323.877 116.290 1.001.551 440.134 794.055 611.047 494.610 355.663 522.361 189.081 683.009 456.164
157.665 13.534 92.621 13.334 123.683 10.771 59.482 75.999 310.620 12,581 193.137 31.446 439.655 91.977 493.437 54.867 282.301 21.771 233.095 53.156
31.362 1.664 9.954 596 18.096 1.986 8.175 4.999 29.179 61 16.960 1 5.336 0 61.667 1.325 76.525 90 31.092 499
14.831 58 1.356 0 54 0 0 0 0 0 0 0 0 0 0 0 4.096 7 2,213 42
8.920 0 99 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

431.446 173.494 398.971 529.130 294.445 219.927 915,283 615.671 663.677 215.579 1.211.647 510.015 1.239.046 766.523 1.049.714 471.789 . 885.283 260.719 949.408 619.034
11.718 3.590 10.003 5.579 7.153 3.460 19.386 14.686 15.025 4.610 26.381 11.504 24.058 16.334 23.214 11.411 23.479 6.637 .21.024 13.349

100.7% 100.4% 98.3% 101.9% 98.5% 99.3% 100.7% 99.1% 97.6% 98.5% 99.6% 99.9% 101.1% 99.5% 101.0% 100.2% 101.5% 98.2% 99.5% 100,4%

SPAIN

W Iper10dS Islhalf 2ndhat I lslhalf 2nd hof I Islhalf 2nd hof I lslhalf 2ndhof I Ist hall 2ndhat I IstMil 2ndhof I Ist hall 2ndhof I lslhall 2nd hof I lsthall 2nd hof I Ist half 2nd hof I
N Aga 0 0 35.452 0 141.916 0 174.803 0 11.999 0 81.536 0 13.121 0 63.499 0 59.022 0 31.101 0 52.238
~ 1 134.390 40.172 210.641 47.480 110.276 13.165 719.678 234.021 210,666 21.113 751.056 72.154 578.219 75.865 257.050 47.065 367.924 17.611 542.127 . 72.763

2 119.503 7.767 61.609 2.690 92,707 9.481 47.266 43.204 139.327 1.715 131.221 5.916 266.612 11,904 315.022 24.971 206.387 1.333 163.010 12.403
3 27.336 1.664 7.710 596 8.232 1.966 8.139 4.999 2.657 61 10.067 1 967 0 44.622 1.325 57.214 90 14.461 499
4 14.631 56 1.356 0 54 0 0 0 0 0 0 0 0 0 0 0 4.096 7 2.213 42
5 8.920 0 99 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Irolot • 304.980 85.134 281.414 192.684 211.270 199.435 775.083 294.222 352.670 104.425 892.344 91.192 845.798 151.268 616.694 ' 132.363 635.621 50.142 721.810 137.945
ColchSpoln 8.777 1.632 6.955 1.604 5.377 2.981 16.401 7.273 8.343 1.583 21.047 1.621 17.206 2.272 15.219 2.478 18.322 902 16.774 2.361
Vor.SOP 100.7% 99.7% 97.9% 100.6% 97.1% 99.5% 100.9% 99.5% 94.7% 96.2% 99.3% 100.5% 100.8% 100.2% 101.3% 99.6% 102.1% 100.1% 99.5% 100.4%

FRANCE
IPellodS Ist holl 2nd hof I Ist half 2nd hof I 1st hall 2ndhof I Ist hall 2nd hof I Ist hall 2nd hol I 1st hall 2ndhol I lslhall 2ndhof I Islhalf 2nd hof I lslhalf 2nd hof I Islhalf 2nd hol I
Age 0 0 2.666 0 8.419 0 5.282 0 4.985 0 5.111 0 25.313 0 0 0 912 0 18,610 0 56.936

1 84.260 79.925 107.540 142,634 42.336 13.919 127.949 283.669 113.191 95.177 250.495 367.980 215.836 535.182 237.560 308.598 154.437 171.470 140.882 383.401
2 38.162 5.747 31.012 10.644 30.976 1.290 12,216 32.795 171.293 10.666 61.916 25.530 173.043 80.073 178,415 29.896 75.914 20.438 70.085 40.753
3 4.026 0 2.245 0 9.863 0 36 0 26.522 0 6,893 0 4.369 0 17.045 0 19.311 0 16.631 0
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ITolal. 126.466 88.360 140.797 161.697 83.175 20.492 140.200 321.449 311.007 111.154 319.303 418.823 393.248 615.255 433.020 339.406 249.662 210.578 227.598 481.089
Cafch frooce 2.941 1.958 3.048 3.775 1.776 479 2.985 7.613 6.682 3.027 5.334 9.883 6.851 14.062 7.994 8.939 5.157 5.735 4.251 10.987
Vor.SOP 100.4% 101.0% 99.0% 102.5% 102.6% 97.8% 99.2% 98.7% 101.3% 98.6% 100.5% 99.8% 101.6% 99.4% 100.3% 100.4% 99.4% 97.9% 102.8% 99.8%
Remork$
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Table 10.3.4 Catch at age In numbers (millions) of Anchovy In the Boy of Biscay (1).

Age 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 I
0 0 0 0 0 0 0 0 0 0 0 0
1 776 0 156 31 0 1 14 3 0 388 161
2 602 861 1322 1687 1307 405 688 0 25 166 813
3 0 77 262 435 574 535 267 330 133 69 309 ~

4 0 0 0 0 7 7 0 0 0 10 46
.....

5+ 0 0 0 0 0 0 0 0 0 0 0

I Total 1378 938 1740 2153 1888 .948 969 333 158 . 633 13291
',T"

Catch 31.117 26.302 37.261 48.191 45.219 26.349 22.102 10.815 4.991 14153 35179

VJ

~ Age 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
0 0 0 38.1 150.3 180.1 17.0 86.6 38.4 63.5 59.9 49.8 109.2
1 53 52 338.8 508.3 179.7 1365.3 440.2 1441.7 1405.1 850.3 711.4 1139.2
2 105 80 171.2 106.0 134.5 135.5 323.2 224.6 531.6 548.3 304.1 286.3
3 177 63 33.0 10.6 20.1 13.2 29.2 17.0 5.3 63.0 76.6 31.6 ': '.~

::'

4 4 54 14.9 1.4 0.1 0.0 0.0 0.0 0.0 0.0 4.1 2.3
5+ 0 0 8.9 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

I Total 339 249 604.9 776.6 514.4 1531.0 879.3 1721.7 2005.6 1521.5 1146.0 1568.41
Catch (t) 7923 14762 15.308 15.581 10.614 34.272 19.635 37.885 40.392 34.631· 30.116 34.373

(1) before 1983 some agelng errors could have occurred
(2) Since 1987 the catches of anchovy used as live balt In the Spanlsh Tuna fishing are Included
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Table 10.4.1 Half-year mean weight at age in the catches of the Bay of Biscay anchovy
in 1996.

Units: g.
Country Spain France Spain France Total

semester 1 1 2 2 1 2 Annual
Area Vlllcb Vlllab Vlllcb Vlllab VIII VIII VIII
Age

0 0.00 0.00 11.63 12.70 0.00 11.99 11.99
1 19.93 15.80 19.40 23.90 19.08 23.17 20.72
2 31.95 23.30 29.16 27.30 29.35 27.69 29.04
3 40.23 30.50 35.73 0.00 35.02 35.73 35.04
4 46.08 0.00 39.66 0.00 46.08 39.66 45.96

Total 23.13 19.20 17.63 22.80 22.18 21.60 21.95

•

e:\acfm\wgmhsa98\T-1041.xls
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Table 10.6.1

Output Generated by ICA version 1.3

THIS IS A BETA TEST EDITION OF V1.3

Anchovy Biscay VIII (run: ICAAND07/I07)

Catch in nl.lllber

-_...-+--- .. __ ..--_.._..---_._~-.--------_..._..._._- ...----... __ ..._- ..--------_...-.-
Ase I 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
._-...+--_ .._------------...-.. __ ... __ ._-----_._---_.--_.._._------ ... __ ..._------_.._.

0 38.1 150.3 180.1 17.0 86.6 ·38.4 63.5 59.9 . 49.8 109.2
1 338.8 508.3 179.7 1365.3 440.2 1441.7 1405.1 850.3 711.4 1139.2
2 171.2 106.0 134.5 135.5 323.2 224.6 531.6 548.3 304.1 286.3
3 33.0 10.6 20.1 13.2 29.2 17.0 5.3 63.0 76.6 31.6
4 14.9 1.4 1.0 1.0 1.0 1.0 1.0 1.0 4.1 2.3
5 8.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

------+---.._----_...---. __ .._-_.----- ..._._-.-----------------._ .._---_._-------. __ ._.
Thousands

Predicted Catch in Number

•
-- •••-+-- ••••••••••••---•••••••_--_._- •• ------_•••_••••_•• _._----- •• --._--.------------
Age I 1987. 1988 1989 1990 1991 1992 1993 1994 1995 1996.. __ ..+._._-----_.------.----.- _.._-_._-_._------_..__ .._------._ _-----_ .

o 26.1 11.6 86.1 26.4 235.7 144.1 48.8 45.8 62.4 84.2
1 275.2 373.6 196.7 1081.4 748.1 1909.2' 1323.5 745.1 716.1 962.4
2 197.7 144.4 222.5 85.3 880.6 150.4 569.5 712.3 392.5 349.5
3 37.8 21.1 17.7 18.2 14.9 20.4 7.3 61.7 73.6 35.8
4 57.8 8.5 5.4 3.1 6.2 .9 2.3 1.7 13.4 14.4

--.._-+--.-._-.. __ .. _-- ... -_..._------------. __ .. __ ._-_.-------_._._--_._--------------
Thousands

Weights at age in the catches (Kg)

._-_.-+-•• __ ._--_••----_. __.----------------•••_._._------._-_._._-------••-._---------
Age I 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996-••• --+-_••• ---.-.-----_••••---_•••••_------ ••• -_.._------ •••-.-._-----_._------.-•••--

o .012000 .005000 .013000 .007000 .014000 .013000 .012000 .015000 .015000 .012000
1 .021000 .022000 .020000 .022000 .020000 .021000 .018000 .020000 .024000 .021000
2 .032000 .030000 .029000 .028000 .025000 .031000 .027000 .027000 .032000 .029000
3 .038000 .035000 .031000 .043000 .028000 .038000 .031000 .031000 .036000 .035000
4 .041000 .038000 .027000 .042000 .032000 .038000 .031000 .031000 .037000 .046000
5 .042000 .049000 .040000 .042000 .032000 .038000 .031000 .031000 .038000 .046000

------+._----_._------_.----- ---- _--._-----._----_._--_._- _._._ _------.
Units

Weights at age in the stock (Kg)

~ ------+._--------------------._.-----_..-._-------.--- .._------- ....-_.~-_.._.._-------.1 Age I 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996•.•---+.••--.-._._---.••----_••. --_ ••_---_•.••••.•_--- •••__•.._-._. __ ..._._._••••-----.
o .013000 .013000 .013000 .010000 .015000 .012000 .012000 .015000 .012000 .012000
1 .016000 .016000 .016000 .016000 .017000 .015000 .016000 .017000 .016000 .016000
2 .029000 .029000 .029000 .030000 .028000 .032000 .027000 .026000 .027000 .027000
3 .033000 .033000 .033000 .035000 .034000 .032000 .033000 .032000 .033000 .033000
4 .037000 .037000 ~037000 .037000 .037000 .037000 .037000 .037000 .037000 .037000
5 .041000 .041000 .041000 .041000 .041000 .041000 .041000 .041000 .041000 .041000

------+.•_----.------.------.------._.---- •••_--_._-----.------._---_.._--------.-.--.-
Units

Natural Mortality (per year)

-••---+•••-._-_•••• -._ •••_._-----_ .••---_._--------------------. __ •••_----------.------
Age I 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996-_ •• _.+-_••••_---_••_------._----- •• -_. __ ••••_•••_----.-••••_._-------- ••---- ••_•••_._-

o 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000
1 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000· 1.2000 .1.2000 1.2000 1.2000
2 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000
3 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 .1.2000
4 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000
5 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 .1.2000 1.2000

--_.-.+--_.._--------------_._-_._--._._-_ .._-----_ ..---------._-----_.._---------_.._-
Units
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Table 10.6.1 (Cont'd)

proportion of fish spawning

---._-+---- .._---------.----- ..._-_.-----------------.-----------------.---------------
Age I 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
------+--------_..-----------------.---------_._-------_.._----------------------------o .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

1 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
2 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
3 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
4 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
5 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

._---.+-----------------------------------_.__ ._------------------_.._-----------------
Units

INDICES OF SPAYNING BIOMASS

INDEX1

---- ..+-------_._---------_..---._--_._---.._-_._---.---------------.._-----------.--------...-
I 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997

_.---.+---------------------------------------------------_._-------._---_.._--- .._.-----.._..-
I 29365. 63500. 15000. 97239. 19276. 90720. 999990. 70940. 63208. 39499. 51819•

._--.-+--------...----------.-.-._---_._._----_.._-_ ..---------------.._----_._- .._------._----
Units

INDEX2

------+-------------------------------------------------------------------------------._----_.-I 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
••••••+••••• - ••••••••••••••••••••••••••• _••••_---._--------------------------------------------

I 999990. 999990. 15500. 999990. 64000. 89000. 999990. 999990. 999990. 999990. 999990.
------+-------------------_.._------------------.--._--_._-.._--_._-_...._------_. __ .---._-----

Units

AGE - STRUCTURED INDICES

FLT01: DEPM SURVEYS (Catch: Unknown) (Ef

------+--------------.--------_._------------------._--.-----------_._-
Age I 1987 1988 1989 ·1990 1991 1992 1993 1994
----.-+------------._---------_.-----------------------------._--------

1 656.0 2349.0 246.0 5613.0 670.5 5571.0 1.0 2457.0
2 331.0 258.0 206.0 190.0 290.3 209.3 1.0 1005.0
3 142.0 68.0 18.0 40.0 4.8 16.7 1.0 54.0

------+.-------------._-_._._--_._--------._---._-----..._-.- .. __ ..._.-
Thousands

FLT02: ACOUSTIC SURVEYS (Catch: Unknown)

------+--------_._---------------------
Age I 1989 1990 1991 1992
------+----------------_._-------------

1 I 400.0 ******* 1873.0 9072.0
2 405.0 ******* 1300.0 270.0

._----+-----._-----._--------.. __ .-----
Units

Fishing Mortality (per year)

------+--------------------------------------------------------------------------------
Age I 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
------+.-._--.._._---- .._._---- ....._._-- ..._-_.-._---- .._---.-_.-. __ ._--_.------------

o .0054 .0055 .0067 .0061 .0144 .0089 .0058 .0064 .0073 .0085
1 .2863 .2902 .3556 .3198 .7594 .4675 .3064 .3371 .3870 .4484
2 .7887 .7995 .9798 .8810 2.0921 1.2881 .8443 .9286 1.0663 1.2354
3 .5633 .5710 .6998 .6292 1.4943 .9200 .6030 .6632 .7616 .8824
4 .7887 .7995 .9798 .8810 2.0921 1.2881 .8443 .9286 1.0663 1.2354
5 .7887 .7995 .9798 .8810 2.0921 1.2881 .8443 .9286 1.0663 1.2354

------+---------~----------------------------------- .. -----------_._---_.. _-----_._--.-
Units
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Table 10.6.1 (Cont'd)

Population Abundance (1 January)

------+----.-----..-------------------------._---------.----------------._-----------------.-.-
Age I 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
-_ ..--+----._--_._-----_. __ ._----...--------._-----_..---_._._------_.._-----------------------

o 8267. 3641. 21990. 7506. 28271. 28003. 14455. 12335. 14650. 17065. 12100.
1 1847. 2477. 1091. 6579. 2247. 8393. 8360. 4329. 3692. 4380. 5096.
2 577. . 418. 558. 230. 1439. 317. 1584. 1853. 931. 755. 843.
3 143. 79. 57. 63. 29. 54. 26. 205. 221. 97. 66.
4 169. 24. 13. 8. 10. 2. 6. 4. 32. 31. 12.
5 26. 3. 3. 3. 2. 2. 3. 3. 2. 2. 3.

--_._.+----._--- ...._-----_._._._-----.------_.--------------_._------_._---------._...._------
Thousands

Weighting factors for the catches in number

----_.+---._-------------------_._----_.---._--------------------._----------------_...
Age I 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
------+---.-_..._-----------_._-....---.-._._---------------.._..._---._----------.----

o .0500 .0500 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000
1 .5000 .5000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
2 .5000 .5000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
3 .5000 .5000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
4 .0050 .0050 .0100 .0100 .0100 .0100 .0100 .0100 .0100 .0100

-_.---+--. __.--.._-------_._----..------.--._------------_.._---------..._.._....._----
Units

Predicted SSB Index values

INDEX1

------+-------------.--------------_._---------------------------------------------------------I 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
------+-----_._---------------_._-----------------_.-.-----..---. __ .---------------------------

1 I 30391. 29905. 17783. 63438. 29569. 71262. 999990. 65521. 46672. 47189. 53504.
------+----------------------------------------------------------------------------------------

Units

INOEX2

------+--------------------------------------------------------------._---------.--------------I 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
------+------------------------------._-------_._----.-----------------.-----------------------I 999990. 999990. 23663. 999990. 39347. 94826. 999990. 999990. 999990. 999990. 999990.
---.--+--.--------------------------------------_._-----_._------.----------_.----._.._--------

Units

• Predicted Age-Structured Index Values

FLT01: OEPM SURVEYS (Catch: Unknown) (EfPredicted

------+-------------------------------------------------------------._-
Age I 1987 1988 1989 1990 1991 1992 1993 1994
------+-----------------.-----.---_._----_..--.------------------------

1 I 911.6 1220.2 520.9 3196.2 886.0 3801.4 1.0 2085.7
2 224.5 161.6 198.1 85.7 301.3 97.1 1.0 674.3
3 137.6 44.7 28.6 30.6 10.5 20.8 1.0 87.2

------+-----------------.----------._----------------------------------
Thousands

FLT02: ACOUSTIC SURVEYS (Catch: Unknown)Predicted

--.---+-••_------------------.-•••._---
Age I 1989 1990 1991 1992
------+._------------------_._---------

1 792.5 ******* 1452.5 5904.5
2 535.3 ******* 906.3 293.0

------+--------------------------------Units
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Table 10.6.1 (Cont'd)

Fitted Selection Pattern

------+--------------------------------------------------------------------------------
Age I 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
------+--------------------------------------------------------------------------------o .•0069 .0069 .0069 .0069 .0069 .0069 .0069 .0069 .0069 .0069

1 .3630 .3630 .3630 .3630 .3630 .3630 .3630 .3630 .3630.3630
2 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
3 .7142 .7142 .7142 .7142 .7142 .7142 .7142 .7142 .7142 .7142
4 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
5 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000-._---+------_.- ------------------ _--_ ------- - - .

Units

STOCK SUMMARY
---- .... ---_.

IYear I Recruits Total Is~awningl Landingsl Yieldl IMean F ISo? IAge 0 Biomass BlomaSS SSB Ages
thousands tonnes tonnes tonnes ratio 1- 3 (X)

1987 8267160 165794 30391 15308 .5037 .5461 99
1988 3640960 102704 29905 15581 .5210 .5536 100
1989 21990040 321970 17782 10614 .5969 .6784 99
1990 7506070 189858 63438 34272 .5402 .6100 100
1991 28271470 503988 29569 19635 .6640 1.4486 96
1992 28002550 473938 71261 37885 .5316 .8919 101 •1993 14454910 351201 95497 40392 .4230 .5846 100
1994 12334950 313626 65521 34631 .5285 .6430 100
1995 14650390 268551 46671 30116 .6453 .7383 101
1996 17065410 299677 47188 34373 .7284 .8554 101

IFAP run code: 107

No of years for separable analysis :
Age range in the analysis
Year range in the analysis
Number of indices of SSB
Number of age-structured indices
Parameters to estimate
Number of observations

10
o 5
1987 1996
2
2
30
90

Conventional single selection vector model to be fitted.

-~-_·~·_·-_·----·-···-i---------·····_--------_·---·--.._----- ...

PARAMETER ESTIMATES

Iparm/ IMaxinn I
I I

Mean of I •No. Likel ih. CV I Lower Upper -s.e. +s.e. Param.
Estimate (X) 95X CL 95X CL distrib.

Separable Model: Reference F by year
1 1987 .7887 32 .4167 1.4929 .5696 1.0922 .8316
2 1988 .7995 28 .4558 1.4022 .6002 1.0649 .8330
3 1989 .9798 21 .6382 1.5043 .7873 1.2194 1.0035
4 1990 .8810 22 .5635 1.3774 .7014 1.1066 .9042
5 1991 2.0921 15 1.5570 2.8113 1.7994 2.4325 2.1160
6 1992 1.2881 22 .8278 2.0044 1.0280 1.6141 1.3213
7 1993 .8443 24 .5224 1.3645 .6608 1.0786 .8700
8 1994 .9286 25 .5662 1.5231 .7214 1.1953 .9587
9 1995 1.0663 29 .5989 1.8987 .7944 1.4313 1.1135

10 1996 1.2354 41 .5443 2.8043 .8132 1.8770 1.3483

Separable Model: Selection (S) byage
11 0 .0069 44 .0029 .0166 .0044 .0108 .0076
12 1 .3630 18 .2546 .5174 .3029 .4349 .3689

2 1.0000 Fixed : Reference age
13 3 .7142 19 .4893 1.0424 .5889 .8662 .7276

4 1.0000 Fixed : last true age

Separable Model: Populations in year 1996
14 0 17065410 48 6594144 44164671 10505669 27721053 19196602
15 1 4380346 33 2261502 8484374 3126245 6137533 4636741
16 2 755036 31 408849 1394352 552137 1032496 792934
17 3 96505 38 45320 205495 65625 141914 103954
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Table 10.6.1 (Cont'd)

18 4 31016 46 12416 77479 19441 49481 34591

Separable Model: Populations at age 4
19 1987 168946 119 16247 1756724 51155 557960 344896
20 1988 24478 70 6144 97513 12092 49550 31388
21 1989 13447 37 6461 27985 9252 19544 14421
22 1990 8461 33 4368 16389 6038 11855 8956
23 1991 10127 30 5564 18431 7461 13746 10611
24 1992 1940 40 868 4334 1288 2924 2110
25 1993 6420 40 2891 14257 4273 9646 6975
26 1994 4334 39 1996 9412 2918 6438 4687
27 1995 31821 36 15615 64847 22130 45757 33991

SSB Index catchabilities
INDEX1

Used as absolute estimator.
,No fitted catchability for this index.

INDEX2
28 2 Q 1.331 24 1.050 2.764

Age-structured index catchabilities

1.331 2.181 1.756

•

FLT01: DEPM SURVEYS (Catch: Unknown) (Ef

Absolute estimator: No fitted catchability.

FLT02: ACOUSTIC SURVEYS (Catch: Unknown)

Linear model fitted. Slopes at age:
29 1 Q .1141E-02 28 .8651E-03 .2679E-02 .1141E-02 .2031E-02 .1587E-02
30 2 Q .1585E-02 28 .1202E-02 .3725E-02 .1585E-02 .2824E-02 .2206E-02

RESIDUALS ABOUT THE MODEL FIT

Separable Model Residuals

-._---+-------_._--------------------.-_._--._-----._----------_.._--------------------
Age I 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
-._---+-._----------------------------------._--------._----------_._------------------o .379 2.558 .738 -.442 -1.001 -1.322 .263 .269 -.226 .260

1 .208 .308 -.090 .233 -.530 -.281 .060 .132 -.007 .169
2 -.144 -.309 -.503 .463 -1.002 .401 -.069 -.262 -.255 -.199
3 -.135 -.691 .126 -.322 .676 -.184 -.327 .021 .040 -.125
4 -1.356 -1.799 -1.679 -1.143 -1.824 .081 -.837 -.511 ·1.186 -1.831

------+--------.-------_.------------_.._._- ...--.--_.._----------------. __ ...---------
Units

SPAWNING BIOMASS INDEX RESIDUALS

INDEX1

------+------------------------_...._----_._-_.-----------------._----_._------------_..-----.-I 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
._----+-------._-----._-----------_._--_.----------------_._----------------_.._..__ ._---------

I -.034 .753 -.170 .427 -.428 .241 -1.000 .079 .303 ·.178 -.032
._----+._-----_._------_._----------------------------------------_.._--------._---------------

Units

INDEX2

------+----------------------------------------_._---------------------_._------------------._-I 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
_._.--+-----_. __ ...-----------------------------------.-._-------------------------------------

1 I -1.000 -1.000 -.423 -1.000 .486 -.063 -1.000 -1.000 -1.000 ·1.000 -1.000
_._---+.----_._-_._---------------------------------------------------.--_.---._-------. __ ._---

Units

AGE - STRUCTURED INDEX RESIDUALS

FLT01: DEPM SURVEYS (Catch: Unknown) (Ef

------+--------------------._--------------------------------_._-------
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Age I 1987 1988 1989 1990 1991 1992 1993 1994
------+-----------------------------------------------_._.---_....--_..

1 -.329 .655 -.750 .563 -.279 .382 -1.000 •164
2 .388 .468 .039 .797 -.037 .768 -1.000 .399
3 .032 .420 -.463 .267 -.778 -.219 -1.000 -.479

------+-----------_._---------_.._----_..._-------_._.-----------------
Units

FLT02: ACOUSTIC SURVEYS (Catch: Unknown)

------+----------_.._---_._------------
Age I 1989 1990 1991 1992
------+----------------------------_..-

I -.684 -1.000 .254 .429
2 -.279 -1.000 .361 -.082

------+------------_._--_._------------
Units

PARAMETERS OF THE DISTRIBUTION OF Ln CATCHES AT AGE

Separable model fitted from 1987 to 1996
Variance .1852
Skewness test statistic -2.2663
Kurtosis test statistic 2.4112
Partial chi-square .3715
Significance in fit .0000
Degrees of freedom 23

PARAMETERS OF THE DISTRIBUTION OF THE SSB INDICES

DISTRIBUTION STATISTICS FOR INDEX1

Index used as absolute measure of abundance.
Last age is a plus·graup.

•

DISTRIBUTION STATISTICS FOR INDEX2

Variance
Skewness test statistic
Kurtosis test statistic
Partial chi-square
Significance in fit
Number of observations
Degrees of freedom
Weight in the analysis

.1152
1.5137

.0194

.1097

.0000
10
10

1.0000

•Linear catchability relationship assumed.
Last age is a plus-group.

Variance
Skewness test statistic
Kurtosis test statistic
Partial chi-square
Significance in fit
Number of observations
Degrees of freedom
Weight in the analysis

.2098

.1764
-.5303
.0405
.0000

3
2

1.0000

PARAMETERS OF THE DISTRIBUTION OF THE AGE-STRUCTURED INDICES

DISTRIBUTION STATISTICS FOR FLT01: DEPM SURVEYS (Catch: Unknown) (Ef

Index used as absolute measure of abundance.

Age
Variance
Skewness test stat.
Kurtosis test stat.

1
.1588
.0534

-.7487

2
.1672

1.4526
-.5826

3
.1282

-1.0928
-.5695
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Partial chi-square
Significance in fit
Nl.IIber of data
Degrees of freedom
Weight in analysis

.0797

.0000
7
7

.6667

.0998

.0000
7
7

.6667

.0899

.0000
7
7

.6667

DISTRIBUTION STATISTICS FOR FLT02: ACOUSTIC SURVEYS CCatch: Unknown)

Linear catchability relationship assumed.

Age
Variance
Skewness test stat.
Kurtosis test stat.
Partial chi-square
Significance in fit
Nl.IIber of data
Degrees of freedom
Weight in analysis

1
.2687

-.4522
-.5303

.0751

.0369
3
2

.7500

2
.0805
.3042

-.5303
.0245
.0122

3
2

.7500

ANALYSIS OF VARIANCE TABLE
--------------------------

Unweighted Statistics

SSQ Data Params d.f.
Variance

Total for Model 39.7349 90 30 60 .6622
Catches at Age 32.4623 50 27 23 1.4114

SSB Indices• INDEX1 1.1519 10 0 10 .1152
INDEX2 .4196 3 1 2 .2098

Agecl Indices
FLT01: DEPM SURVEYS (Catch: Unknown) (E 4.7698 21 0 21 .2271

FLT02: ACOUSTIC SURVEYS (Catch: Unknown .9313 6 2 4 .2328

Weightecl Statistics

SSQ Data Params d.f.
Variance

Total for Model 8.4749 90 30 60 .1412
Catches at Age 4.2596 50 27 23 .1852

SSB Indices
INDEX1 1.1519 10 0 10 .1152
INDEX2 .4196 3 1 2 .2098

Agecl Indices
FLT01: DEPM SURVEYS CCatch: Unknown) CE 2.1199 21 0 21 .1009

FLT02: ACOUSTIC SURVEYS (Catch: Unknown .5238 6 2 4 .1310

'.
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Table 10.8.1a

The SAS System
Anchovy in the Bay of Biscay (Fishing Area VIII)

Prediction with management option table: Input data

Year: '1997

Stock Natural Maturity Prop.of F Prop.of M Weight Exploit. Weight
Age size IIIOrtality ogive bef.spaw. bef.spaw. in stoclc pattern in catch

0 13316.000 1.2000 0.0000 0.4000 0.3750 12.700 0.0085 11.800
1 5096.000 1.2000 1.0000 0.4000 0.3750 16.140 0.4484 20.870
2 843.000 1.2000 1.0000 0.4000 0.3750 28.390 1.2354 29.100
3 66.000 1.2000 1.0000 0.4000 0.3750 33.120 0.8824 34.550
4 12.000 1.2000 1.0000 0.4000 0.3750 37.000 1.2354 36.270
5+ 3.000 1.2000 1.0000 0.4000 0.3750 41.000 1.2354 38.820

Unit Millions - - . - Grams - Grams

Year: 1998

Recruit- Natural Maturity Prop.of F Prop.of M Weight Exploit. Weight
Age ment mortality ogive bef.spaw. bef.spaw. in stock pattern in catch

0 13316.000 1.2000 0.0000 0.4000 0.3750 12.700 0.0085 11.800
1 · 1.2000 1.0000 0.4000 0.3750 16.140 0.4484 20.870
2 · 1.2000 1.0000 0.4000 0.3750 28.390 1.2354 29.100
3 · 1.2000 1.0000 0.4000 0.3750 33.120 0.8824 34.550
4 · 1.2000 1.0000 0.4000 0.3750 37.000 1.2354 36.270
5+ · 1.2000 1.0000 0.4000 0.3750 41.000 1.2354 38.820

Unit Hillions - - - - Grams - Grams

Year: 1999

Recruit- Natural Maturity Prop.of F Prop.of M Weight Exploit. Weight
Age ment IIIOrtality ogive bef.spaw. bef.spaw. in stock pattern in catch

0 13316.000 1.2000 0.0000 0.4000 0.3750 12.700 0.0085 11.800
1 · 1.2000 1.0000 0.4000 0.3750 16.140 0.4484 20.870
2 · 1.2000 1.0000 0.4000 0.3750 28.390 1.2354 29.100
3 · 1.2000 1.0000 0.4000 0.3750 33.120 0.8824 34.550
4 · 1.2000 1.0000 0.4000 0.3750 37.000 1.2354 36.270
5+ · 1.2000 1.0000 0.4000 0.3750 41.000 1.2354 38.820

Unit Hillions - - - - Grams - Grams

Notes: Run name : HANAND01
Date and time: 16SEP97:17:46
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Table lO.8.1b

The SAS System
Anchovy in the Bay of Biscay (Fishing Area VIII)

Prediction with management option table

17:18 Tuesday, September 16, 1997

Year: 1997 Year: 1998 Year: 1999

F Reference Stock Sp.stock Catch in F Reference Stock Sp.stock Catch in Stock Sp.stock
Factor F biomass biomass weight Factor F biomass biomass weight biomass biomass

1.0000 0.8554 278048 54343 36596 0.0000 0.0000 263930 60458 0 278570 69793

· · · · · 0.2000 0.1711 · 57218 8352 273243 62700

· · · · · 0.4000 0.3422 · 54196 15718 268663 56803

· · · · · 0.6000 0.5132 · 51373 22253 264700 51853

· · · · · 0.8000 0.6843 · 48735 28085 261252 47660

· · · · · 1.0000 0.8554 · 46267 33319 258233 44074

· · · · · 1.2000 1.0265 · 43955 38042 255576 40978

· · · · · 1.4000 1.1976 · 41788 42323 253226 38282

· · · · · 1.6000 1.3686 · 39754 46222 251137 35913

· · · · · 1.8000 1.5397 · 37844 49788 249273 33812

· · · · · 2.0000 1.7108 · 36049 53062 247602 31935

- - Tennes Tennes Tonnes - - Tannes Tonnes Tonnes Tonnes Tennes

•
Notes: Run name

Date and time
Computation of ref.
Basis for 1997

: MANAND01
16SEP97:17:46

F: Simple mean, age 1
: F factors

- 3
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Table 10.10.1: Short tenn considerations for 1997 and 1998
for anchovy in the Bay ofBiscay

Year TAC = 33,000 tonne Fstoch. = F 1996

Stock size 55,850 tonnes 54,163 tonnes
Stock 5% 24313 tonnes 24,070 tonnes
Stock 50% 52,431 tonnes 53,762 tonnes

1997 Stock 75% 72,411 tonnes 75,411 tonnes
Catch 5% 19,781 tonnes 15,633 tonnes
Catch 50% 39,007 tonnes 38,775 tonnes
Catch 75% 53,646 tonnes 58,534 tonnes

Stock size 47,595 tonnes 46,046 tonnes
Stock 5% 19,484 tonnes 19,309 tonnes
Stock 50% 48,706 tonnes 50,733 tonnes

1998 Stock 75% 67,566 tonnes 71,339 tonnes
Catch 5% 17,375 tonnes 15876 tonnes
Catch 50% 37,110 tonnes 37,140 tonnes
Catch 75% 49,855 tonnes 51,756 tonnes

Fstoeh. : Fstochastlc Wlth a CV estlmated Wlth the ICA assessment

These estimated probabilities are calculated on the assumption of constant
natural mOrtality, although there is evidence this may have been variable
in the past. Therefore results presented here capture only a part of the
variability in stock dynarnics and estimates of uncertainty and risk
could underestimated.

•

••

e: \ acfm\ wgmhsa98\ T-101 Ol.xls
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Figure 10.1.1: Bay of Biscay anchovy: Historical evolution of the
fishery since 1940 - - Spain Vlllbc
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1. Goniometer
2. Echosounder;anchovy disappear from the coast of Galicia
3. Minimun length size: 9 cm
4. Power block
5. 8 tonnes per boat and 5 days per week for the spanish fleet;

the spanish fleet is not allowed to come into the french 6 nautical miles
6. Radar and sonar
7.6 tonnes per boat for the spanish fleet
8. Minimun landing size 12 cm: increase of the french pelagic fleet
9. Bilateral agreement between Spain and France: the pelagic fleet is not

allowed to fish anchovy from the end of March to the end of June
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Figure 10.1.2: Mean monthly catches (1992-1996) for the
French and Spanish anchovy fisheries in Sub-area VIII
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Figure 10.1.3: Evolution of the fleets fishing for anchovy in the Bay of Biscay
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Figure 10.2.1: Relationship between spawning biomass (t) and extension of the spawning area (kmJ\2)
and DEP for the Bay of Biscay anchovy population.

Relationship between spawning biomass (t) and extension 01 the spawning
area (km"2) (From Motos et a1.WD1996)
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Figure: 10.2.2:Relationship among spawning biomass and the spawning area and the DEP.
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Figure 10.6.1
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Figure 10.6.1 (Cont'd)
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Figure 10.6.1 (Cont'd)
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Figure 10.6.1 (Confd)
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Figure 10.6.1 (Cont'd)
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• Figure 10.6.1 (Cont'd)
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Figure 10.6.1 (Cont'd) •
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Figure 10.6.1 (Cont'd)
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Figure 10.6.1 (Cont'd)
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Figure 10.6.1 (Cont'd)
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Figure 10.6.2: Comparison 01 1996 & 1997 01 the anchovy assessment in Subarea VIII

Comparison of 1996 & 1997 Assessment of Recruitment
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Figure 10.6.3 •
Fish Stock Summary

Anchovy in the Bay of Biscay (Fishing ~ea VIll)
14-9-1997
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Fig 10.7.2:Anchovy in Subarea VIII Recruitment
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Figure 10.7.3: Comparison of the Series of anchovy index of Recruitment
and the Upwelling Index in the Bay of Biscay
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Figure 10.7.4: Relationship between Recruitment at age_O estimated by the assessment and the
Upwelling index in the same year
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. Figure 10. 10.1 Long term yield and %SSBR with R=Geometric mean considering
the uncertainties in the estimates 0# the separable annual F (+/-1 s.e.)
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11 ANCHOVY IN DIVISION IXa

• 11.1 Tbe Fisbery in 1996

In i996 the anchovy flsheryin Division IXa was sittiated as in previous years <i988 to 1994) in the Gulf of
Cadiz, anchovy being the target species of the Spanish fleet iri this area. Due to the market height prices in the
northern part of Division IXa, anchory is the target speCies of the Spanish and PortÜguese purse seine fleets when
abUndance is high, as occurred in 1995. Tbis increase in anchovy abtmdance in this area in 1995 may have been
due to a variation in therinohaline conditions in the cOaStal waters northwest of the Iberiari PeninsUla, less saline
and warnier than in preceding years (ICES 1997/C:3), creating more favourable conditions for reproduction arid
larval surVival. In 1996 achange in the previouSly described trerid carne about. with lowei: temperatures and
increased salinity being registered (ICES 1997/C:3). In 1996 arichovy abundance in the northem part ofDivision
IXa was low, as is usual in this area. .

• I' ,

Tbe Spanish fleet inthe Gulf of Cadiz is mainly made up of purse-seiners (ICES 19921Assess:17) though
. currently there is another kind of fleet in the fOIm of trawlers whose Usual tärget species is the prawn. Some of
these trawlers switch to tärgetlng anchovy in years when the yield of prawns is low. Tbe Spamsh fleet in the west
of Galichi is composed of purse seiners. Tbe PortÜguese fleet is made up, in the main, of purse-seiners, some
trawlers and artisarial ships, which catch a very sm3I1 quantity of anchoVies.

11.1.1 LandiDis iJi Division IXa

Tbc totaI catch in i996 was 4,595 t, a great fali ",ith respect to 1995 (12,956 t). Tbe catch in 1996 wäS lower in
bothcountries with respect to 1995 owing to. the fall in the catch in the nofthem pan:. of Division :rxa.
Nevertheless, the Spanish catch in Division IXa South (Gulf of Cadiz) increased with respect to 1995, a1though
catch levels remain low with respect to the periOd from 1988 to 1994. (Table 11.1.1 and Figure 11.1.1).

Table i 1.1.2 shows the catch by fishing gear arid bYcountry. Inboth couritrles the main part of the catch was
taken using purse-seine, this gear accounting for 90% in the Spanish and 95% in the Portuguese fisheries. Iri 1996
in the Gulf of Cadiz, the trawl catch increased with respect to 1995. As previously mentioned, these catches
depend on the greater or Iesser abundance of prawns, the target species of the trawl fleet.

From 1943 to 1987 data of, catches were onIy provided by Portugal, arid during this period catcltes varled
betweeri 23, t and 12610 t (Table 11.1.1). Tbe Portuguese arimial landings alternate between i>eriods of high
catches (1936-:1940, 1942-1948, 1955~1957, 1962-1966 arid 1995) and periods of very low catch levels (1927­
1936, 1966-:1976, .1979-1984 and 1987-1994) (Pestana, 1996). Data ofSpanish catches in the Gulf of Cadii
(Sub-division IXa South) for this period cannot be given since they have beeri combined with anchovy catehes in
the area ofMorocco, arid catches in Galiciari waters (Sub-division IXa North) are not availabie.

11.1.2 LaJidings by Sub-diviSion

Tbedistrlbution of Spanish catchesiri 1996 was similar to that of the years 1988-1994 (ICES 1992tAssess:17;
ICES 1993/ASsess:19; ICES 1995/Assess:2 and ICES 1996/Assess:7) arid completely different to that of 1995
(ICES 1997/Assess:3). In 1996, the greatest catches (98%) were fourid in Sub-division IXa South (Gulf of
Cadiz), and the rest (2%) in Sub-divisiori IXa North (West of Galicia). Catches in the Gulf of Cadiz come about
throughout the whole year, increasing in spring and summer (Table 11.i .3).

Tbe greatest contributiOIl to Portuguese anmial laridings'came from IXa South dwing the perlOd 1943-1967
(mean value 4,526 t). Afterthis Period the landings decreaSed to 386 i (mean v3Iue) from 1968 to 1983 and to
32 t (mean value) from 1984 to 1991. In the last 5 years the landings were less than 1 tonne. In Sub-division IXli
Central-North there were alternate periods of relatively high and low landings. After 1984 landings of Sub­
division IXa Central-North made the greatest contribution to the total annuallandings (mean vaIue 1,116 t). Tbe
mean percentage .of the laiidings by Sub-division (1970-1995) is 70% of the total in IXa Central-North, 5% in
IXa Central-South arid 20% in IXa South. Tbe same landing pattern occurs in Sub-divisions rxa Central-North
and Central-South dufing the periOd from 1970-1994 arid in 1995. (Pestaria, 1996). In 1996, catches in Sub-

. division IXa Centr3I-North and Central-South fell but mainiained the same pattern of catches as that of the period
1970-1995.
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Most of the Portuguese landings are taken from May to October (mean 1927-1994). The 1995 landings show
different evolution with two very important periods from April to June and from August to December (pestana.
1996). In 1996 catches are taken mainly in the flrst and fourth quarter (Table 1~.1.3).

11.2 Effort and Catch per Unit Effort

The data provided of flshing effort and CPUE indices of anchovy in Division IXa refer to the Spanish purse-seine
fleet in the Bay of Cadiz from 1988 to 1996 and to the Spanish purse-seine fleet in Sub-division IXa North in
1995 and 1996 (Tables 11.2.1 and 11.2.2). No Portuguese data are available.

Effort measured as the number of effective flshing trips made by the flve fleets of the Gulf of Cadiz and the
CPUE series shows a declining trend to 1995 in all fleets, with a small increase in 1996 (Figure 11.2.1).

11.3 Catch in Number at Age

Catches at age of anchovy in Sub-division IXa North are not available for 1996 due to the catch being
insignificant. thus rendering it impossible to carry out biological sampling of commercial catches. As in previous
years, catches at age are not available for anchovy in the Gulf of Cadiz, due to problems in the interpretation of
the otolith readings for this area.

11.4 Acoustic surveys

An acoustic survey was carried out in the Gulf of Cadiz (Sub-division IXa SOUth) in 1993, to estimate anchovy
abundance, and the total biomass estimated was 6,569 t (ICES 1995/Assess:2).

11.5 Management Measures and Considerations

The regulatory measures were the same as for the previous year and are summarised by Millan and Villamor
(WD 1992). In 1996, the purse-seine fleet in the Bay of Cadiz stopped operating voluntarily in February and
March 1996.

Given the reduced knowledge of the biology and dynamic of this population, it is suggested that the TAC at the
level of recent catches would be appropriate to avoid an increase in effort. .

•
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Tab1. 11.1.1: Portuguese and Spanish annual landings of ANCHOVY in Division IXa.

(From Pestana, 1989 and 1996 and Working Group members).

Portugal SPain
Tear Da C-III Da C-S Da SOIltll 'I.'Otal Da lIIOrth Da SOIltll '1'Otal 'ro'rllL

19C3 7121 355 24~~ ~~75 - - - -
19<I0Il 1220 55 5376 6651 - - - -
19~5 781 15 7~83 8779 - - - -
1946 0 335 5515 5850 - - - -
19n 0 79 3313 33~2 - - - -
1948 0 75 4863 4~38 - - - -
19C9 0 34 2684 2718 - - - -
1950 31 30 3316 3377 - - - -
1951 21 6 3567 3594 - - - -
1952 1537 1 2877 4415 - - - -
1953 1627 15 2710 4352 - - - -
19~ 328 18 3573 3~1~ - - - -
1955 83 53 4387 4523 - - - -
1956 12 164 7722 78~8 - - - -
1957 ~6 13 12501 12610 - - - -
1958 1858 63 1109 3030 - - - -
1959 12 1 3775 3788 - - - -
1960 ~~O 12~ 8384 ~503 - - - -
1961 1351 81 1060 2492 - - - -
1962 542 137 3767 4446 - - - -
1963 140 ~ 5565 5714 - - - -
196~ 0 0 4118 4118 - - - -
1965 7 0 4452 4460 - - - -
1966 23 35 4402 4460 - - - -
1967 153 34 3631 3818 - - - -
1968 518 5 447 ~70 - - - -
1969 782 10 582 1375 - - - -
1970 323 0 83~ 1162 - - - -
1971 257 2 67 326 - - - -
1972 - - - - - - - -
1973 6 0 120 126 - - - -
197~ 113 1 124 238 - - - -
1975 8 24 340 372 - - - -
1976 32 38 18 88 - - - -
1977 3027 1 233 3261 - . - -
1978 640 17 354 1011 - - - -
1979 194 8 453 655 - - - -
1980 21 24 ~35 ~80 - - - -
1981 426 117 435 ~78 - - - -
1982 48 ~6 512 656 - - - -
1983 283 58 332 673 - - - -
198~ 214 ~4 84 3~2 - - - -
1985 18~3 146 83 2122 - - - -
1986 18~2 1~4 ~5 2181 - - - -
1987 84 17 11 112 - - - -
1988 338 77 43 458 - 4263 4263 4721
1989 38~ 85 22 4~6 118 5336 5454 5~50

1990 424 ~3 24 541 220 I 5~11 6131 6672
1991 187 3 20 210 15 56~6 5nl 5~21

1992 ~2 46 0 138 33 2~~5 3028 3166

1993 20 3 0 23 1 1~60 1961 1~84

199~ 231 5 0 236 117 3036 3153 338~

1995 6724 332 0 7056 532~ 571 5~00 12~56

1996 2707 13 51 2771 44 1780 1824 45~5

I - Not availab1e
I 0 Less than 1 tonne
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Table 11.1.2. ANCHOVY IXa. Catches (t) by gear and by country in 1988-1996.

Country/Quarter 1988* 1989* 1990* 1991* 1992 1993 1994 1995* 1996
SPAIR 4263 5454 6131 5711 3028 1961 3153 5900 1823

Purse seine IXa Rorth 118 220 15 33 1 117 5329 44
Purse seine IXa South 4263 5336 5911 5696 2995 1630 2884 496 1556
Trawl IX a South 0.0 0.0 0.0 0.0 0.0 330 152 75 224

PORTUGAL 458 496 541 210 275 23 237 7056 2771

Trawl 4 9 1 56
Purse seine 458 496 541 210 270 14 233 7056 2621
Artisanal 1 1 3 94

Total 4721 5950 6672 5921 3303 1984 3390 12956 4595

* Portugal data without separate the catch by gear
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Table 11.1.3:

·e

Anchovy catches (t) in Division IXa by country and Subdivisions in 1996.

•

QUARTER 1 QUARTER 2 QUARTER 3 QUARTER 4 ANUAL
COUNTRY SUBDIVISIONS C(t) % C(t) % C(t) % C(t) % C (t) %

ZX4 North 11 24.5 6 13.6 22 49.9 5 12.0 44 2.4
SPAZN ZXa South 41 2.3 807 45.3 585 32.9 348 19.5 1780 97.6

TOTAL 52 2.8 812 44.6 607 33.3 353 19.3 1824

ZXa Central North 1289 47.6 227 8.4

I

189 7.0 1002 37.0 2707 97.7
PORTUGAL IX4 Central South 0.4 3.2 1 6.9 0 0.0 12 89.9 13 0.5

IX4 South 0 0.0 0.64 1.2 0.51 1.0 50.02 97.8 51.16 1.8
TOTAL 1290 46.5 229 8.3 189 6.8 1064 38.4 2771

I

ZXa North 11 24.5 6 13.6 22 49.9 5 12.0 44 0.9
IX4 Central North 1289 47.6 227 8.4 189 7.0 1002 37.0 2707 58.9

TOTAL IXa Central South 0 3.2 1 6.9 0 0.0 12 89.9 13 0.3
ZXa South 41 2.2 807 44.1 586 32.0 398 21.7 1831 39.9
TOTAL 1341 29.2 1041 22.7 796 17.3 1417 30.8 4595
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Table 11.2.1 ANCHOVY in Division IXa. Effort data Spain IXa South (Bay of Cadiz) and Spain IXa North (Galician South) nun
fishing trips.

SUB-DXVXSXON XXa SOUTH SUB-DXVXSXON XXa NORTH
PURSE SEI:NE PURSE SEXNE

BARBATE BARBATE SAN LUCAR X. CRXSTXNA X.CRXSTXNA VlGO RXVEI:RA
Year Single purpose Multi purpose Multi purpose Single purpose Multi purpose

No. fishing trip No. fishing trip
1988 3958 17 210 - - - -
1989 4415 39 234 - - - -
1990 4622 92 660 - - - -
1991 3981 40 919 - - - -
1992 3450 116 583 - - - -
1993 2152 5 225 - - - -
1994 1625 69 899 196 28 - -
1995 528 17 377 22 17 1537 252
1996 1595 89 1659 76 55 32 3

Table 11.2.2 ANCHOVY in Division IXa. Spain IXa South (Bay of Cadiz) and Spain IXa North (Galician South) CPUE series in
fisheries

SUB-DXVXSION IXa SOUTH SUB-DI:VISXON XXa NORTH
PURSE SEXNE PURSE· SEXNE

BARBATE BARBATE SAN LUCAR I. CRXSTlNA I.CRXSTlNA VXGO RIVEIRA
Year Single purpose Multi purpose Multi purpose Single purpose Multi purpose

kg/No. fishing trip kg/No. fishing trip
1988 1047 461 420 - - - -
1989 1139 534 943 - - - -
1990 1128 287 643 - - - -
1991 1312 339 456 - - - -
1992 819 173 300 - - - -
1993 641 268 225 - - - -
1994 1326 262 398 204 174 - -
1995 377 134 166 52 25 2509 2286
1996 497 315 246 137 157 847 4
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Figure 11.1.1: Portuguese and Spanish annuallandlngs 01 ANCHOVY in Division IXa slnce 1943.
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12.1

~ , ." .
DATA REQUESTED BY THE MULTISPECIES WORKING GROUP

Mackerel

The cateh öf inackerel belonging to the NOrth Sea stock haS been included in the catches oe the western stock
since 1987.

Whiie the total catch of mackerd in Sub-area IV dedined in 1996 (206,675 tonnes) compared with 1995
(317,806 tonnes)no notable changes have taken place in the fishery in Division IIIa in 1996 (6,164 tonnes)
compared With 1995 (5,756 tonnes). Results of egg surveys carried out in 1996 (ICES 19971H:4) conrmriCd that
the stock is dose to an historically low level. The total catch of North Sea stock Inackerel was again assumed to
be 10,000 tonnes or 4.7% of the tota11996 catch.

12.1.1 Catch in numbers at age by quarter for the NOrth Sea mackerei stock

The total catch in numbers of tbe North Sea stock for 1996 was calcuiated assumirig a North Sea stock
component of 10,000 tonnes arid ameari wdght in the catch equal to that of mackerei in Sub-area IV arid
DiVision IIIa (Tables 2.8 and 2.12) with additional meari weight at age data in the 2nd and 3rd quarter (Sub-area
IV arid Division IIIa) obtained from the 1996 egg survey (Table 12.1). The catch in numbers was partitioned
across quarters in the same proportions observed for mackerel in Sub-area IV and Division IIIa, and across ages
using the proportion at age observed in sampies taken during the 1996 egg survey (Table 12.2).

12.1.2 Weight at age in the stock

New data from egg surVeys (lCES 1997JH:4) on weight at agein the stock for the second and thifd quarter of
1996 are presented (Table 12.1). Remaining data are given in 1997 (ICES 1997/Assess:3).

12.1.3 Stock distribution by quarter

AIthough there appears tobe some evidence suggesting a change in the distribution ot-mackerel in the North Sea,
the working gfoup did not have sUfficient information to justlfy altering the distributions presented (Table 12.3)
in previous reports (ICES 1997/Assess:3). .

12.2 Horse Mackercl

12.2.1 Catch iii numbers aiid wclght at age by quärter for the North Sea horse mackerel stOCk

Since i995 the proportion of North Sea horse mackerel.taken for human consUmption has rlsen above 70%.
Details ofthe catch in numbers and the weight at age are given in Table 5.3.1.

12.2.2 Stock distribution by quarter

• The North Sea Horse Mackerel stock are kriown to migrate south to tlte Channel dUrlng the 4th quarter arid to be
back in tbe North Sea by the 2nd quarter of each year. The Working Group therefore considers that 50% and 10
% of the stock are in the North Sea during the 4th and 1st quarter respectively.

There is stili DO information about the numbers of western horse mackerel which migrate into the nOrthem Nofth
Sea dunng the 3rd and 4th quarters of the year. From 1982 to 1986 catches of horse mackerei in Division IVa
were low «1,000 tonnes) indicating very little Inigration. However, since then catches have increased to a
maximum of 113,ooot in 1990. which was about 30% of the total western stock catch. Since 1994 catches have
declined and in 1996 the provisionaI catch in Division IVa was abotit 18,000 t (Table 4.3.1) or 4.6% ofthe total
western stock catch.

Oue to c1ecreaSing catches by Norway in Division IVa arid areduction in the modeÜed inflowof Atlantic water to
the North Sea in 1996 (Iversen et aL WD 1997) the Working Group considers that 10% of the adult stock of the
Western Horse Mackerel is available in Division IVa in the forth quarter, arid 1% in the fIrst quaiters of the year ..
(Table 12.4). .

The Working Group noted tlte termination ofthe Multispecies Working Group in 1997.

,.1 "
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Table 12.1 North Sea Mackerei: Mean weight at age (g) in 2nd and 3rd quarter of 1996 in Sub-area IV and
Division lila.

12 13 14 15+

680 673

2 3 4 5 6 7 8 9 10 11
---~---------194 333 456 469 415 547 600 630 650 642

1

117
Age

Wt(g)

Table 12.2 Estimated catch in numbers ('000) ofNorth Sea mackerel stock in 1989-1986 by quarter.
(This table is on the following page)

Table 12.3 Percentage of each mackerel stock assumed to be present in the North Sea, by quarter, in 1996.

North Sea Stock (%) WesternStock(%)

Quarter 1 2 3 4 1 2 3 4

1 100 100 100 100 - 20 30 30

2 80 100 100 80 10 10 50 70

>2 90 100 50 70 10 + 50 70

Table 12.4 Percentage ofeach horse mackerei stock assumed to be present in the North Sea, by quarter, in 1996.

Quarter

1-4
5+

North Sea Stock (%)

1 2 3 4

10 100 100 50
10 100 100 50

Western Stock (%)------
1 234
o 0 -~O---:-O-

1 0 0 10
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Table 12.2 Estimated catch in numbers ('000) ofNorth Sea mackerel (Sub-area IV and Division IIIa)"by quarter, 1989 -1996.

•

1989 01 02 03 04 1990 01 02 03 04 1991 01 02 03 04 1992 01 02 03 04
Age 5.5% 0.6% 36.4% 57.5% Sum Age 13.2% 0.6% 22.8% 63.4% Sum Age 31.7% 0.3% 23.6% 44.4% Sum Age 19.3% 0.4% 18.3% 62.1% Sum

1 115 13 746 1.206 2,080 1 172 8 297 825 1,302 1 153 1 114 222 490 1 747 15 608 2.404 3,774
2 449 49 2,969 4,689 8,156 2 571 26 986 2.740 4.323 2 3.841 37 2,856 5,077 11,811 2 3,005 61 3,443 9,667 16,176
3 445 49 2.947 4,654 8,095 3 2.795 127 4,829 13,429 21,180 3 4,112 40 3,Q58 5,871 13,081 3 2,444 49 1.987 7,863 12,343
4 129 14 854 1,349 2,346 4 744 34 1,286 3.576 5.640 4 1.995 19 1.485 2,896 6,395 4 573 12 480 1.890 2,955
5 73 8 482 760 1,323 5 216 10 374 1.040 1.640 5 443 4 330 644 1,421 5 359 7 292 1.154 1,812
6 16 I 103 162 282 6 121 6 209 581 917 6 172 2 128 250 552 6 112 2 91 361 566
7 62 7 411 649 1.129 7 26 I 44 123 194 7 394 4 293 572 1.263 7 45 1 37 145 228
8 37 4 245 387 673 8 105 5 181 503 794 8 0 0 0 0 0 8 22 0 18 72 112
9 41 4 270 426 741 9 60 3 104 291 458 9 148 1 110 215 474 9 0 0 0 0 0
10 2 13 20 35 10 70 3 121 335 529 10 172 2 128 250 552 10 0 0 0 0 0
11 21 2 142 223 388 11 2 0 4 12 18 11 123 1 92 179 395 11 15 0 12 48 75
12 5 1 32 51 89 12 35 2 60 168 265 12 49 0 37 72 158 12 37 1 30 120 188
13 1 7 10 18 13 7 0 12 34 53 13 • 49 0 37 72 158 13 15 0 12 48 75
14 3 21 36 60 14 0 0 0 1 1 14 25 0 18 36 79 14 0 0 0 0 0w
15 27 3 178 280 488 15 51 2 89 246 388 15 98 1 93 143 335 15 82 2 67 264 4150\

\0

1993 01 02 03 04 1994 01 02 03 04 1995 01 02 03 04 1996 01 02 03 04
Age 17.6% 0.3% 16.6% 65.5% Sum Age 21.2% 0.5% 26.9% 51.3% Sum Age 32.2% 0.3% 19.7% 47.8% Sum Age 26.5% 0.4% 31.4% 41.8% Sum %

1 331 6 312 1,242 1,891 1 217 6 276 525 1.024 1 369 4 226 548 1.147 1 650 9 769 1,023 2,451 10.2%
2 1.323 23 1.247 4,960 7,553 2 870 23 1.103 2.099 4,095 2 1,475 16 905 2,191 4.587 2 760 10 900 1.198 2,869 12.0%
3 2.315 40 2.183 8,681 13,219 3 1.522 39 1.931 3,674 7,166 3 2,582 27 1,584 3.835 8,028 3 1,993 27 2.359 3,139 7.519 31.3%
4 1,693 29 1.596 6,149 9,467 4 1.092 28 1.384 2,635 5.139 4 1,844 19 1.131 2.739 5,733 4 1,142 16 1.351 1.798 4,307 17.9%
5 562 10 530 2,108 3,210 5 370 10 469 892 1.741 5 627 7 385 931 1,950 5 1,234 17 1,460 1.943 4,655 19.4%
6 132 2 125 496 755 6 87 2 110 210 409 6 148 2 91 219 460 6 111 2 131 174 418 1.7%
7 40 I 37 149 227 7 26 1 33 63 123 7 44 0 27 66 137 7 239 3 282 376 900 3.8%
8 26 0 25 99 150 8 17 0 22 42 81 8 30 0 18 44 92 8 24 0 28 37 89 0.4%
9 20 0 19 74 113 9 13 0 17 31 61 9 22 0 14 33 69 9 24 0 28 37 89 0.4%
10 0 0 0 0 0 10 0 0 0 0 0 10 0 0 0 0 0 10 24 0 28 37 89 0.4%
11 0 0 0 0 0 11 4 0 6 10 20 11 7 0 5 11 23 11 57 1 68 90 216 0.9%
12 7 0 6 25 38 12 9 0 11 21 41 12 15 0 9 22 46 12 0 0 0 0 0 0.0%
13 26 0 25 99 150 13 22 I 28 52 103 13 37 0 23 55 115 13 0 0 0 0 0 0.0%
14 13 0 12 50 75 14 13 0 17 31 61 14 22 0 14 33 69 14 6 0 8 10 24 0.1%
15 126 2 119 471 718 15 87 2 110 210 409 15 148 2 91 219 460 15 102 I 121 160 384 1.6%

Total 6,364 88 7,532 10,023 24,006 100.0%
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13 REQUEST FROM THE MACKERELIHORSE MACKEREL EGG SURVEY WORKING
GROUP

13.1 Sampling for Maturity during Egg Suneys in 1998

The MackerelJHorse Mackerel Egg Survey Working Group requested information on the distribution of I, 2 and
3 year old mackerel and horse mackerel to be made available to this Working Group (ICES 19971H:4). At this
meeting charts should be made, which show where trawl hauls should be distributed over the egg survey area and
the juvenile area for sampling fish for constructing maturity ogives based on histological analysis of the ovaries,
because ofuncertainties in the proportion mature of especially the younger age groups (see Section 1.4).

Based on available data on the distribution of eggs and on the presented infonnation on the distribution of I, 2
and 3 year old fish the following sampling scheme was accepted. Half of the total sampIes per species should be
collected relatively close to the edge of the continental shelf, while the sampling was chosen to reflect the
distribution of adults (based on egg distribution). The other half of the sampIes should be taken in shallower
water where relatively more juveniles are present and the sampling was chosen to reflect the distribution ofthe I,
2 and 3 year olds.

For mackerel a minimum of 20 sampIes of 100 fish each should be collected distributed over the western and
southern area. For horse mackerel 14 sampIes of 100 fish each should be taken in the western and another 14 in
the southern area (ICES I9971H:4). The scheme below is made for sampling in the western and southern area,
and in the adult and juvenile area around peak spawning time. Communications between countries I cruise
leaders remain necessary to obtain this sampling scheme:

...

.MACKEREL

AREA Adult Juvenile

Western 8 7

Southern 2 3

HORSE MACKEREL

AREA Adult Juvenile

Western 7 7

Southern 7 7

Figures 13.1 and 13.2 show the charts where the trawl hauls should approximately be taken.
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Figure 13.1.1 Proposed mackerel trawl sampling
areas for egg surveys 1998
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14 REQUEST FOR NEAFC ADVICE

NEAFC has requested this Working Group to:

Indicate the seasonal iJTuI area distribution ofmackerel in the NEAFC areafor juvenile aS weIl as
parental components.

Seasonal arid areal distributions for mackerel has chariged ave!: time. There wem liitIe flshery independent data
available fOf the Working Group. The fishery for 1996 is described in Sections 2.5 and 2.6, of this report and
reflects to some extent the distribution ofmackerel. Table 2.1.1 gives the catch by stock (1969-1996) and Table
2.5.1 catches by Divisions and Sub-areas by quarters in1996. Figures, 2.5.1a-d give the distributions of
commercial catches.by quarters and recumgles in .1996. The mapped distributions are given in a fairly coarse
class resolution. These figirres and tables includes all age groups (0-15+) which are taken in the fisheries. Since
the fishery is restricted both by quotas, closed areas etc. the. caich distribution are not reflecting the accUrate
distribution of mackerel. There are also mackereI outside the fished areas, but due to low abundance no fishery
are carried out in such areas. There are also s?me xD.isreporting by areas from different fleetS. However Table
2.1.1 and Table 2.5.1 are to some extent adjusted for this by Working Group members. Similar tables and maps
are given in Working Group reports from previous years.

There are also some fishery independent information of distribution of 0, I, 2 & 3 groups froin bottom trawl
surveys. These have I>een assembled in a database under the EU SEFOS programme and an: described in Section
2.4 (Figures 2.4.1 and 2.4.2 for 1996/97 and Figures 2.4.3 and 2.4.4 for the tiIne series). As mentioned above
each year the Working Group assembles data on the distribution of commereial catche!; by quarter and rectangle.
Under SEFOS, in years of the triennial egg surveys 1995,92,89 et seq. these data were entered into a database,
assembled by reetarigle and qUarter.

Several egg sUrveys have been carried out both in the NOrth Sea and in the western Md southern areas. The
resultS from these sUrveys have been used for estimating the spawning stock biomass. They also give aecurate
infonnation about the spawmng areas. The last surveys in the western and southern areas. were camed out in
1993 (ICES 1994:H4) and in 1995 (lCES 19961H:2) and in the North Sea in 1990 (Iversen er al. 1991) Md 1996
(ICES 19971H:4).

Two leES repoi-ts, ICES 19881H:17 and ICES 19901H:5 from ~ EEC-Norwegiari joint scientific group are
describing stock and catch distribution ofmackerel. These reports are dealing with data from 1972 to 1988.

" . .
15 REQUEST FROM EU AND NORWAY

EU andNorway have requested aseries 6f medium-term simulations and iong-term equÜibrium computations of
yield and biomass for mackerel. Because of the extent of the task, and because the t>ercentiles specified requires
technical niOdifications of the standard software, the Working Group deeided to leave the iask to a subgroup,
which will providethe requested material to ACFM by Oetober 1997.

16

16.1

RECOMMENDATIONS
, ,

Mackerel

TheWorking Group reconimeIICis that observers should.be placed on board vessels in those areas in whieh
discarding may be a problem. This observer prognÜlune should be commeneed as 500n as possible.

Tbe Working Group recommends that the Maekerel weight at age dataset colleeted by :lreland during March arid
April be examined to assess its potential use as a source of stock weight at age vaIues.

TheWorking Group rdterates last years recommendation to investigate the distrllltition pattern of ovefwinterlng
Imickerel in the North Sea on VIa (N).
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The Working Group recommends that the next mackerei egg sui-vey of the North Sea should be carried out in
1999. This is particularly important in view ofthe uncertainty about the origiri ofthe exceptionally high numbers
of 1996 year dass observed in the North Sea as "0" groups in 1996 and also as 1 year olds early in 1997.'

The Working Group recommends further modelIing work should be undertaken in order the explore further the
use of distributional models for improving the use of the juvenile surveys for prediction of recruitment.
Preliminary work indicates good prospects for deriving a robust index of abundance from the mackerel survey

, data, and the Working Group reconimends that the surveys be contiriued.

16.2 Horse Mackerel '

The Working Group strongly recommends that all countries with reIatively high horse mackerel catches should
sampIe for age at an adequate level.

The Working Group recommends that observers should be placed on board vessels in those areas in which
discarding may be a problem. This observer prograIDme should be commenced as soon as possible.

The Working Group recommends that a horse mackerelotolith workshop be held in 1998 to improve the quality
of age readings.

The Working Group recommends that more research be carried out on North Sea horse mackerel.

The Working Group recommends to develop further studies in relation to stock identity problems andlor possible
migration patterns especially for the Southern horse mackerel.

16.3 Sardine

The Working Group recommends to continue to carry out joint acoustic surveys covering the entire distribution
area of the sardine stock each year, during spring (March-April). bi order to understand the population dynamics
of sardine these surveys would also investigate the adjacent areas mainly French coast.

The Working Group recommends to undertake the Planning Group for Acoustic Surveys in Sub-areas vm and
IX in order to prepare in advance the acoustic surveys.

The Working Group recommends to apply the following references established in the 1997 Workshop on Sardine
Otolith Age Reading:

• Regular exchange ofotolith sampies for the purpose of checking and improving the precision of all the
readers involved in sardine age determination in the Ibero-Atlantic area.

• Monitor annulus deposition patterns along the entire Ibero-AtIantic area thr()ughout each year.

• Development of an age determination guide must be developed in order to assist individual readers
with the correct interpretation of the ring deposition structures and to determine ages precisely.

• In order to determine the origin of the different grov.th patterns of this species in the adjacent areas of
France and Morocco it is recommended to study sampies from these countries.

• It is strongly recommended that the daily ring counting technique is employed to validate the anilUli of
at least the firSt few age groups.

16.4 Anchovy

The Working Group recommends to develop fuither studies in the Gulf of Cadiz (Division IXa) for the
interpretation of the otolith readings and to investigate alternative ageing methods.

The Working Group recommends to co11ect a11 anchovy information available from the Portuguese and French
acoustic surveys carried out in the Gulf Cadiz and in the Gulf of Biscay respectively.
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The Working Group recommends to collect the information available on physiology of anchovy in relation to its
post spawning mortality (e.g. fat contents).

Tbe Working Group recommends to collect all the information available on the influence of environmental
conditions on the ecology of the fish.

16.5 General

The Working Group again strongly recommended that all countries should make effort to provide reliable
statistics.

Tbe Working Group supports the recommendation of the Egg Survey Working Group that they should meet in
Hamburg 13-19 April 1999, and that the relevant assessment biologists should attend the last two days of that
meeting. Tbe Working Group will calculate the SSB for the North-east Atlantic mackereI, Western Horse
mackerel and Southern Horse mackerel based on egg production estimates and adult parameters from the 1998
surveys. Tbe assessment biologist will use those estimates of SSB to retune the VPA estimates of stock size in
time for the May meeting of ACFM.

Tbe Working Group recommends and encourages the prosecution environmental studies aimed to understand the
connections between the climatic regimes and oceanographic conditions of the waters with the recruitments of the
medium- and small size pelagics species assessed by this Working Group.

16.6 ICES

All Working Group members are requested to bring catch data to the meeting in a standard format (EXCEL
spreadsheet format) to be prepared by M. Keatinge from Fisheries Research Centre, Dublin.

Tbe Working Group recommends that the Working Group reports be made available aS a complete set over the
whole time series for quick consultation during the Working Group meetings (also the Mackerel and Sardine
Working Group reports).
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APPENDIXI

IIDplementatlon of Bayesian vPA and cateh foreeastlng using Markov Chaiii Monte Carlo.

Conventlonal Bayesian. analysis reHes Oli an evaluation of the posterior probabUitY P(QIX) of a certairi set of
assumptions Q, given pnor belief P(Q) about those ässurriptions, a Set of new information x, and a likelihood
fuDction allowirig the evaluation ofP(XIQ). The conditional probability can be expressed as

P(st X)= P(XI S) peS)
JP(XI S) peS) dS

Conventionally the e are usually a vector of input parameters to a model M, whieh is assumed to be correct, and
upori which the likelihoOd function is predicated.

Most Bayeshm stock assessments in the published literil.nire have relied either on dkeCt-mappmg approäches (e.g.
Hilbom arid Walters, 1992) or samplingfunpoltance resampling (e.g. McAllister arid Pikitch, 1997). The former
approach becomes extremely difficult to iniplement for computational feasons if there are more than a. few
parameters, arid the latter methoc:l reqUires the sPeeification of an importance function which, for efficiency, should
approxunate reasonably closely to the postenor distribution. Choice of such ari impciltance fuiiction is not trivial:
McAllister and Ianelli (1997) describe eight separate steps in the deveJopment of an itIiportarice function, each of
which requrres considerable expertise.

A simpler approach is the Markov Chain Monte Carlo method to generating sampIes from posterior probabllity
distributions, desCribed accessibly by GilkS et aL (1996). Essentially, this relies on setting up a very long Markov
chain of model parameter vector.Q with transition probabilities defined as the conditional posteriof probability of
each element of Q, depending on the other elements. So, for the transition frOm iteration k-l to iteration k in the
chain, eIement i ofQ is replacedwith a new value drawn from the distribution ofP(Q,k I ~.ioi,i.l)' The distribution
to be sampled has p.d.f.: L(DatalQ) Pr(Q), Le. the product of the likelihood fi.Ü1ction and the prior. The form of this
conditionallikelihOOd is generally not kno\\n analytically arid it is computationaIly expensive to evaluate. However,
sampIes can be taken from it by constructing upper arid lo\\'er envelope functions (constnicted on simple geometrie
rules) from which it is easy to sampIe. The form of adaptive rejection sampling pröcedure used here can be
sunimarised as: .

i) Take a sampIe from the upper envelope function (X)
2) EvaIuate the likelihood L(X) at the sampled point
3) Test whether to aecept the sampled value:

if accepted, proceed to next Markov ehain iteration otheIwise update the envelope function with the new
information X, L(X) Iterate

In the present case, the upper enveloPe fußetion usCd is a simple series of rectangular approximations betWeen
eVaJuated points and estimate of the maxirD.um of the curve (ApPendix Figure 1), which is a modification of that
proposed by Gilks (1996). Although computationally less efficient, this algorithID was robust to structuraI bound­
eonstraints (such as a restriction of a maximUni 100% maturity) which this assessment model should logically
contairi. A Meti-opolis step was added to ensure robUstm:ss of the method to non-Iog-conca;"e conditional probability
distributions (Le. cases where the conditional probability may emerge above the upper envelope fußetion).

Clearly the adJacent values of. Q. in the Markov chain will be very strongly correlated, arid this correlation will
deerease the further apart in the chain. that pairS of values are dra\\-ii. For most purposes it is .required to .draw
Virtually uncorrelated sainples from the chain; a methOd proposed by Raftery and Le\\is (see Gilks et aZ., 1996)
aIlows ca1culation of the appropriate intervals from which to take to take sampies from. the chain so that they have
less than a sj:>ecified correlation. This process is sometimes knOwD as 'thinning' the chain.
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The chain will also clearly be sensitive to starting conditions. and one will wish to discard a certain number of initial
iterations, after which the chain is effectively uninfluenced by the starting values for Q. This is sometimes known as
the 'bum-in' period.

For a considerably more complex VPA-based assessment model with more parameters and strong parameter
correlations used for Norwegian Spring-Spa\Wing herring the Raftery and Lewis method suggested a 'bum-in' length
of 600 iterations and 'thinning' the chain by taking one sampie each 76 iterations (patterson. 1997). for 5% accuracy
in the posterior distributions. For Western Horse Mackerel such values were not fonnally estimated but a bum-in
period of 1000 iterations was used and the chain was thinned by taking one sampie each 100 iterations. A visual
check of the parameters in the chain suggested independence of starting parameters appeared to have been achieved
after a few hundred iterations. The chain was run for over 400000 iterations and 4000 sampies taken to construct the
posterior distributions for the assessmenL

Values of Q' were saved from the single run of the chain in order to re-evaluate the outcome of various future cateh
scenarios v.ithout incurring the computational burden ofre-evaluating the entire chain. In these scenarios, parameters
from 750 iterations were taken and catch projections calculated from each iteration in the conventional way.
Confidence limits were constructed from the distribution percentiles of quantities derived from these projections
such as catch, the fishingInatural mortality ratio, and spa\Wing biomass.
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Appendix Figure 1. Construction of upper envelope function for adaptive
rejection sampling. Bold line, conditional probability distribution of unknown
form. Fine Iines, constructed upper envelope function. Dashed fine,
construction Iines. Arrows show the points at which the function has been
evaluated. New points are added and the envelope readjusted until a
sampie has been taken from the conditional distribution, which typically
takes 5 to 8 function evaluations.
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