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7 SOUTHERN HORSE MACKEREL (DmsIONS VIDe AND IXa) 

7.1 The Fishery in 1996 

Total catches from Divisions VIllc and IXa were estimated by the Working Group to be 44,690 t in 1996 which 
Iepresentsa decrease of 15% compared with the 1995 catches. The catch by country and gear is shown in Table 
7.LI. The Portuguese catches show a decrease of 21% and the Spanish catches indicate a decrease in a 12%, 
compared with the 1995 catches In 1996 the fall is due to the lower catches obtained by the Portuguese trawlers 
and by the Spanish purse seiners. The proportion of the catches by gear presents the same pattern than in 1995, 
being the purse seiner catches the most important ones in the Spanish area (65% of the catches) whereas in the 
Port'..lgu,ese waters. the trawler's catches 3.--e the Illajority. representing the 57% of the Portuguese total catch. In 
1996 t.lte a..T1isana! Portuguese catches increased to, Llte- double of the 1995-catches. 

In this area the catches of horse mackerel are relatively uniform over the year (Borges et al. 1995; Villamor et a/. 
1996). Although the second and third quarters show relatively higher catches than the first and fourth (see Table 
7.1.2). 

ICES officially reported catches are requested.for "horse mackerel" whosedesiguation includes all the species of 
the genus Trachurus in the area, not only Trachurus trachurus L. which is the species at 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 of horse mackerel other than Trachurus trachurus (see Section 1.5). 

7.2 Effort and Catch per Unit Effort 

Figure 7.2.1 shows- the evolution of t.l:te cOIr.mercial effort series from t.~e Spanish trawl fleets fisr.i.7}g in Sub
division VIne West (La Con.t.iia) a..'ld in Sub-division V!!!C East (Aviles) from 1984 to 1996. A significant 
decrease, compared with the 1995 effort levels, of 14% and 26% respectively was observed, being in the case of 
the Aviles trawl fleet the lowest level reached in the series. 

Table 7.2.1 presents the commercial catch rates from the trawl fleet fishing in Sub-divisions IXa Central North, 
IXa Central South and South (Portugal) from 1979 to 1990 and trawl fleets from Spain fishing in Sub-division 
VIllc West (La Corufia) and in Sub-division VIllc East (Aviles) from 1983 to 1996. In 1996 the catch rates of 
the Spanish trawl fleet operating in Sub-division VIllc West were 11 % higher than the catch rate obtained in 
1995. The Aviles trawl fleet operating in Sub-division VIllc East (Cantabrian Sea) presents an increase of 27%. 
Horse mackerel trawl catch rates from the Portuguese trawl fleet fishing in Division IXa are not available since 
1991, because the effort data series is under revision. 

Table 7.2.2 indicates t."le catch rates from resefu"'Ch vessel' slli~¥'eys in Kg, per tow, for compfu"*'isoil -w1Li. t.'1c total 
biomass trend. The bio111asS i..'ldex from t."iJ.e Portuguese October su.. ... vey was shm·l,rn to be. 23% hig.1J.er t!1a ... "l 
observed in 1995. The 1993 biomass index of that series was confrrmed· to indicate an extremely high value as 
compared with the rest of the series. The ,spanish October survey has been showing an upward biomass trend 
since 1992 and increased 22% in 1996 as compared with the 1995. The Portuguese and Spanish areas were 
covered at the same time of the year which was September/October in the Spanish northern Sub-divisions and 
OctoberlNovember in the Portuguese southern Sub-divisions. 

Catch per unit effort at age 

CPUE at age from the Galician (La Corufia) bottom trawl fleet (Sub-division VIIIc West) and from the 
Cantabrian (Aviles) trawl fleet fishing in Sub·division VIllc East are available from 1984 to 1996. In the 
Galician trawl fleet an increase hi Li.e catch rates of l11.e older ages was ObSelv"ed in 1996. The extremely strong 
1982 year class is still very prmr...inent in Lite data for ba!..; fleets at age group 14 (Table 7 .2.3). L~ 1996, t.'le 1986 
and 1987 year classes were confmned as being strong ones, giving high indices of abundance in both fleets. 

7.3 Fishery Independent Information 

7.3.1 Trawl surveys 

Table 7.3.1 shows the number at age from the Spanish and Portuguese bottom trawl in the October surveys and 
from the Portuguese July survey. The two October surveys covered Sub-divisions VIllc East, VIllc West, IXa 
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North (Spain) from 20-500 m depth and, Sub-divisions1Xa Central North, Central South and South, in Portugal, 
from 20-750 m depth. The same sampling methodology was used in both surveys but there were differences in 
the gear design, as described in ICES (199110:13). The Portuguese October and July survey indices and the 
Spanish September/October survey indices are estimated by strata for the range of distribution of horse mackerel 
in the area, which has been consistently sampled over'the years. This corresponds to the 20-500 m strata 
boundaries; It was· demonstrated that the horse mackerel off the Portuguese shelf are stratified by length 
according to the depth and spawning time (ICES i 9931 Assess: 19). This explains the special characteristics of the 
composition· of the catches; the lower availability of fish after first maturing which creates a peculiar· selection 
pattein. 

The'Spa.njsh'September/October survey series is available from 1985 to 1996 and the Portuguese'October surVey, 
from 1981-1996. Bot.lI are ca..'Tied out during fourt.lt 'qua..rter \vhen t .. lte recruits have entered-the area;' In the 
Portuguese October survey the recruitment (age 0) observed in 1996 was high a.'1d it is comparable to the high 
level ,observed earlier in 1993 in the Portuguese area. In the Spanish area the October survey indicated' the 
recruitrnentindex at age 0 ofa 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. The 1982 year class is conspicuous in all the survey series but is stronger in the October 
Spanish bottom trawlsurvey. 

7.3.2 Egg surveys 

This was Lie first series of surveys Ciillied out in the southern area for we Annuai Egg Production Method (iCES 
1996lH:2),.- The estimate of 1995BSB for t.'le souL'lern horse mackerel from L1.GSe sUJ.-veys was 261,000 tonnes. 

7,4· Cateh in Numbers at Age 

The catch in numbers at age for 1996 are presented by quarter and area, disaggregated by Sub-division VIIIc 
:East,VIIIc West andIXa North (Table 7.4.1). In Sub-divisions1Xa Central North, 1XaCentral Southand1Xa 
South only. the . catch· in numbers from trawl catches were available disaggregated by Sub-divisiorL The purse 
seine andartisanal catches were not sampled by Sub-division in the Portuguese area, so the catch in numbers 
fromiiallgears 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 numbers by year. The 1982 yeardass is well represented in the catch 
in numbers at age matrix. The 1986 and 1987 year classes are strong but do nol reach the extreme high level of 
the 1982 year class. The 1991 and 1992 year classes are shown as strong in the catches as 2, 3 and 4 age-groups. 

Catch in nlh""Ilbers at age have been obtaiiled by applying a qU8.J.""terly-ALK to each-of the catch iength distribution 
esti!r.ated from: t..'1e samples of each Sub-division. 'The 's~~pling intensitj is discussed in Section' 1.3. The '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,' Mean Length at Age and Mean 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 7.53 preSents the 
weight at age in the stock and in the catch. The 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 1, ages in which 
both methods were in 'agreement. 

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

Age Group 
o 1 I 2 3 4 5 6 7 8 9 10 11 12 

0;001 0.00 0,04: 0.27 0.63 0.81 0,90 0,95 0.97 0;98 0.99 1.0 1.0 
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7.7 Stock Assessment 

Fishing mertality coefficients were estimated using Extended Survivers Analysis (XSA). In accerdance with last 
year's assessment, the XSA parameters were. set at catchability independent of age for ages equal or greater than 
9 years .old, and the plus group at 12. 

The strength of shrinkage has a significant effect on the standard errers .of the leg catchability (ICES 
1995/Assess:2).Strenger shrinkage (Iewer CVs) increases the standard errors for all fleets. To cempare the 
independent infermatien provided by the different fleets XSA were run separately fer each of the fleets, without 
shrinkage. 

The external infonnation_used in t...l:le tuning were: 

FleeH: Catch per unit of effort of the trawl fleet from La Coruiia (VIIIe West- North Galicia) 
Fleet 2: Catch per unit of effort of the trawl fleet from Aviks (YIIle East- Cantabrian Sea) 
Fleet 3: Portuguese October Trawl Survey during the Recruitment season (Divisian IXa) 
Fleet 4: Portuguese July Trawl Survey end of spawning season in Division IXa 
Fleet 5: Spanish October trawl Survey during the recruitment season (Subdivision IXa North and Division 

VIIIe) 

The slopes .of the linear regressions between leg- catchability and leg· population were analysed: Fleet I, 
presented a negative slope at age 0, with low R,q""", as did Fleet 2, at age 1 with a slightly higher R,q.".. These 
data were pletted and it was decided te net include those ages in the tuning, because they were not providing any 
iniormaiioo. For Fleet 2 it was considered aiso appropriate to eliminate 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, which did not 
perform well for yOlliig fiSJi.. 

Figure 7.7.1 compares the SSB estimated for 1995 and 1996 by source of independent infermatien. For the year 
1995 it is a1se possible to cempare the estimatiens provided by the fleets with the 1995 egg survey SSB. 

The low SSB values were estimated from each .of the two October surveys carried .out during the recruitment 
season. The high values .of SSB cerrespond te the estimations previded by the Fleet 2 operating in the Cantabrian 
Sea during all the year and by the Pertuguese July survey. The adults are more abundant in the area during the 
spawning season when the spawning aggregations occur. The 1995 egg survey estimatien indicates a value in 
agreement with the 1995 SSB estimated by all the fleets. The assessment perfermed and accepted last year 
indicates a 1995 SSB close to the 1995 egg survey SSBand te the present assessment. 

Comparison of the 1995 and 1996 assessments (Figure 7.7.2) -from the flnw vrA of ibis year's assessment 
illustrates the results :of t..'ie fishing mmtalit'j estimates using- XSA for aU u~e fleets and a shrinkage of 1.00. It -may 
be seen that for the reference F bar (1-11) the estimate shows clese agreement with last year's assessment. Given 
the pattern of expleitation this stock is subjected te high selectien on the younger and older ages and a reduced 
availability of 4-6 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 showing good agreement. 

The F of the younger ages is generally under-estimated by the assessment and F .of the older ages over-estimated. 
Taking. a mean F ever all the ages averages the biases. 

Figure 7.7.3 illustrates the retrospective SSB estimates performed by the final VPA, and the 1995 egg survey 
estimate, which indicate a very geodagreement ameng them. 

The tuning diagnostics and finai resuits are given-in Tables 7.7.i-7.7A. Figure 7.7.4 indicates the fish stock 
summary trends. over the period 1985-1996 according te the final assessment. 

7.8 Recruitment 

The Portuguese October survey series which was carried .out at the time of recruitment show in 1996 a detectable 
reiationship beiween ibe survey and cohort strength. but the Spanish October survey did not show any 
information on the strength of the 1996 recruitment. 
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In 1994 the Spanish October survey indicated high recruitment at age 0 and the Portuguese October SurVey 
estimated low recruitment for the 1994 year class (Table 7.3.1). In 1995 both surveys indicated a low level of 0 
group abundance which is in agreement with the VPA estimate. The recruitment of O-group in 1997was'taken as 
the geometric mean of (1985-1993). VP A estimates which corresponds to 1,369 million fish. 

7.9 Catch Predictions 

The. terminal population in 1996 from the final VP A was .used as input to the catch forecast forage groups l' and 
older. Recruitment at age 0 was assumed to be the, geometric mean of theperiod'1985-1993. The exploitation 
pattern was taken as the arithmetic mean of the last three years, without scaling to the last year, which is assumed 
i"n ........ ,..."",., ..... "' ... ...1 Tn th ............. .,.. 1~t-""1..r. "'v,..I.n.';t"'t~ ............... th .... J.. ..... _ t ........... "T' ... l..1 ... "7 n 1 ~: •• ~~ +1.._ : __ .... ___ ,... __ .. ____ ...1 'T"_t.1_.., 
~ ............ ~ ........ .t"vu ... ~ ......... "" u .......... .....,.. ..... J .... .n.y ....... ..u. .... vu u .......... .:;>.11 ....... """".1..11 • ..I.Cl.V.~ /.7 • ..1. .c;'''~':) Ulii;;' JU}JUL pi:Ua.ulcu:a~ 41JU J.i;1UU:::;':; 

7 Q ?~-i" !:Inn PiO'l1rP 7 01 C!h ..... Ul th"" TPC!n1tt' ",-fthp. C!hn ..... t",,'M"n ...... ""1'1; .............. .,. n~T"'''' ,. .. T,·,:'" .... ri ........... r .. ~ ... h ... 110,.. ... 1 ....... : ..... _..,; .... 
•• _ • ___ ~A_ ~ &O~- ....... & ",AA...-TO ...... _ ... _ ... _ ...... .., .................. u .................... u y ............... u ..... h> .......................... .11 ~ .. n .. "' .... "''''' .. uu.s .. lI.v .... A.-UI.VLll0:L3i!1. 

At F""",quo (F96) the expected catch in weight for 1997 is 52,898 tonnes. In 1998 assuming, the same recruitment 
level, the catch at F,,,,,,,,quo is predicted to be 58,715 tonnes. The spawning stockbiomass is expected to decrease 
from 273 thousand tonnes in 1997 to 264 thousand tonnes in 1998 at F""""quo level and to 247 thousand tonnes if 
the agreed T AC of 73 thousand tonnes';s taken in 1997., The spawning stock biomass is expected to decrease in 
1999, at F""""quo to 256 thousand tonnes. 

7.10 Short· Term and Medium-Term Risk Analysis 

Due to.~echnical problems it was not possible to perform a risk analysis. 

7.11 Long .. TeiID Yield 

The long-term yield per re..."T.lit a.-1d spa'.".rning bioIT'..ass-per~recruit cur-res, against P, derived using the-input data 
in Table 7.9.1 are shown in Figure 7.11.1. Table 7.11.1 presents the yield per recruit summary table. FO.1 is 
estimated to be 0.08, and F_to be 0.16, at the reference age (1-11). 

7.12 Comments ou Assessment 

This assessment is consistent.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 October surveys, the July survey 
information and the two commercial fleets. 

7.13 Reference Points for Management Purpose 

Th~::biological reference -points':were.-estimated an.d shown in Fig-we- 7.13.1 wr..ich gives the,,-plot :of u;e 
recruitment at age 0 versus··the spawning stock biomass in t.~e same year, from t."'1e fInal: VP A. The' estin-aated Fmed 
value';. 0.19 and Fin", corresponds to 0.32. The present level, of F,_ quo of 0.167 is below the Fmod level and 
closetoF_. 

As can 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 class has contributed 
substantially to the SSBduring the whole period 1985-1996; The lowestbiomass attained during'theperiod was 
130,000 tonnes in 1985, which gave rise to a medium recruitment. This situation is similar to the situation fOlthe 
NEA mackerel (see Section 3.4.10), and the same interpretation of the lowest experienced SSB applies here. If a 
similar stock-recruitment relation is, also assumed, i.e. R independent of, SSB at. the geometric mean' of, the 
historic recruitments above the lowest SSB, and. linearly decreasing towards 0 below.this SSB, the po value 
corresponding to the replacement line through the assumed R and the lowesi SSB wowd appear as Fcrash• Tnis F
value, which is 0.27, is :well above Fmax. TherefOie.,'aIi ,exploitation which leads,to a iower·SSB than-the lowest 
experienced cannot be justified on.the grounds that it would increase: the long term eqUilibrium catch. 

The risk of reaching an SSB of 130,000 tonnes in a long term equilibrium (modeUed as described in Section 
3.4.10 ) at Fm", is far below 5%. The precautionary range of Fs is therefore limited by the Fm", and not by 'an F 
representing danger of recruitment failure. The Working GrouP therefore considers that the fishing mortalitv 
~getshoufd not ~xceed the Fm",," ,-' ,- '. -
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7.14 MaDagement Measures and Considerations 

The Working Group consjders that the TAC should not be applied to Trachurus spp combined but only to 
Trachurus trachurus, the Atlantic horse mackerel. The F reference which was constant over recent years has 
shown a decrease in 1994 and 1995. Table 7.14.1 summarizes several management options at: F"""" q~, F 
corresponding to the,officiai TAC equal 10 73 thousand tonnes, F corresponding to TAC 1995 level, and to F""" 
and Fma:t" 
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Table 7.1.1 Annual catches (tonnes) of SOUTHERN HORSEMACr<;EREL by C01IlItries by gear in DivisionsVITIe 
and IXa. Data from 1984-1996 are Working Group estimates. 

Year Portugal (Division IXa) Spain (DivisionsIXa + VIIIe) Total 
__ ~ ____________ ~ __ ~ ______ ~ __________ ~ __ ~ ______ ~ ________ VlIIe+~ 

Trawl Seine Artisanal 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

197i 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

7,231 

6,593 

8,983 

4,033 

5,582 

6,726 

11,427 

19,839 

32,475 

32,309 

45,452 

28,354 

46,345 

54,267 

55,693 

54,327 

44,725 

52,643 

61,985 

36,373 

29,392 

19,050 

28,515 

10,737 

14,962 

26,786 iO,149 

26,850 16,833 

26,441 16,847 

23,411 4,561 

19,331 2,906 

14,646 4,575 

11,917 5,194 

12,676 9,906 

16,768 6,442 

8,603 3,732 

3,579 2,143 

" 

11,457 

11,621 

12,517 

10,060 

9,437 

12,189 

14,706 

iO,494 

12,620 

7,583 

" 

6,744 

9,067 

8,203 

5,985 

5,003 

7,027 

4,679 

5,366 

2,945 

2,085 

lEsrim~ted value. 
2Not available by gear ~ 
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3,400 

3,900 

4,100 

4,745 

7,118 

7,279 

7,252 

6,275 

7,079 

6,108 

7,066 

6,406 

3,227 

9,486 

7,805 

7,790 

4,071 

4,680 

6,003 

6,642 

8,304 

7,741 

4,972 

3,698 
,2 

3,244 

4,941 

4,511 

3,913 

3,056 

3,438 

6,363 

3,201 

2,133 

4,385 

Total Trawl Seine Hook Gillnet Total 

56,976 

64,760 

68,776 

63,105 

57,425 

66,648 

80,664 

62,487 

59,946 

57,467 

81,033 

45,497 

48,105 

46,421 

51,488 89,197 26,291 

51,078 74,469 31,431 

32,043 80,121 14,945 

26,917 48,518 7,428 

25,224 36,489 8,948 

23,733 28,776 19,330 

30,886 ,2 " 

30,951 8,511 34,054 

17,307 12,772 15,334 

9,420 16,612 16,555 

28,526 

21,445 

25,629 

25,231 

19,958 

17,497 

22,654 

25,747 

19,061 

17,698 

14,053 

9,464 
,2 

" 

,2 

10,876 

9,681 

11,146 

14,506 

10,864 

11,589 

10,360 

182 

32,878 

" 

.' 
" 

17,951 

18,019 

16,972 

16,897 

22,382 

23,125 

19,917 

376' 

376' 

376' 

376' 

376' 

376' 

" 

797 

884 

949 

481 

.' 
" 

262 

187 

81 

124 

145 

162 

214 

53,202 

53,420 

57,365 

52,282 

47,000 

53,351 

62,326 

85.781 

98,418 

75,349 

82,247 

, 114,878 

78,105 

85,688 

• 115,864 

• 106,276 

95,442 

56,322 

45,813 

48,482 

28,450 

43,362 

28,990 

143 

.' 

.' 

.' 
158 

127 

103 

154 

136 

107 

146 

34,109 

42,967 

33,193 

30,763 

31,170 

29,247 

28,014 

28,302 

31,681 

33,527 

34,983 

30,637 

110,778 

118,180 

126,141 

115,387 

104,425 

119,999 

142,990 

148.268 

158,364 

132,816 

163,280 

160,375 

126,210 

132,109 

167,352 

157,354 

127,485 

83,239 

71,037 

72,235 

59,336 

74,313 

46,297 

43,529 

71,493 

54,648 

56,392 

56AOl 

49,205 

45,511 

50,956 

57,428 

52,588 

52,681 

44,690 



Table 7.1.2 SoutheIjl horse mackerel catches by quarter and area. 

Country !Sub- . Spain 8ccE, Se-W, 9a-N Unit tonnes Total 
division 

Qual"ter/ i 2 3 4 
v ... __ 
,-~ 

1984 28990 
1985 34116 
1986 42967 
1 no,.,. ~1~n 8678 11067 8269 33193 ~701 Jl/';1 

1988 t:::AAC ..,n",.t: 79i8 8464 30763 ~~ 1:7.:tU 

1989 7824 '7AQ{) 0"11 ~n~~ 3iliO '"TUV OVJ...1. 10.).) 

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 10969 7636 34983 
1996 7188 8045 8211 7193 30637 

Country! Portugal 9a-CN, 9a-CS, 9a-S Unit:tonnes Total 
Sub-division 

Quarter! 1 2 3 4 
Year 
1984 4669 6506 3577 2358 17110 
1985 1226 3055 2946 2192 9419 
1 no..::: 4627 8093 7542 8264 28526 J..::::rou 
100'7 ", ... ~ ~A"" .. 6654 3524 19554 ~"UI J7V,k J<tJ'+ 

1988 ~ru:o '7An"" .... ~~A 7100 25125 JVV./ .~~ 1.).)'+ 

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 
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Table 7.2.1 SOUTHERN HORSE MACKEREL. CPUE series in commercial fisheries. - . 

Division lXa Division V1IIe (Spain) 
Year (portugal) 

Trawi Trawi 

Sub-div. VlIIe East Sub-div. VIIIe West 
Aviles LaCorufia 

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

1979 87.7 

1980. ' 69 .. 3 

i98i 59.i 

1982 56.2 

1983 98.0· 123.46 90.4 

1984 55,9 142.94 135.87 
• 24.4 1985 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 

i989 69.5 98.24 i72.84 

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 
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Table 7.2.2 SOUTHERN HORSE MACKEREL. CPUE indices from research surveys. 

POJ:tugal IXa.(20-500 m depth) 
Spain (20-500m depth) 

Bottom tra\:tll (20-m...~ codend) 

Year Kg/h kg/h Jun-Jul kg/h Oct kg/30 minutes 
March Sept-Oct 

1979 12.2 5.51 

1nOJi ~n r ~ -, 
1::10V ,ou.o ,o.y 

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 

1no£ , n 23.5 10.14 1.;:10V ".0 

1987 &:n 
V.7 

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 'l'l.c:;. 'l 10 11 
"',JoJ.J ~O.~.1. 

1994 49.3 12.4 21.61 

1995 9.8 18.9 21.99 

1996 23.25 26.75 
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Table 7.2.3 CPUE at age from fleets 

. The SAS Sys tern 18: 19 Thursday, 
HOM-SOT"~ svuth~rn horse ~~cke~et (Divisions VlIIc ~-~ IXa) 

September 11, 199', 

FLT01: Se West trawl fleet (La Coruna) (Catch: Millions) 

F-ish-ing Catch, Catch, Catch, Catch, Catch, Catcl1, Catc~, eaten, .Catch, Catch, Catch, Catch, Catch, Catch, Catch, CatCh, 
Year effort age 0 age 1 age 2 age' 3 ' age-' age 5 age 6 a'ge 7 age 8 age 9 age 10 age 11 age 12 age 13 age 14 age 15 

1984 32E3 1 356 644 124 ,. 38 S ., 30 '" • 6 , 6 3 12 ~ g, •• , 
1985 3E4 3 12 134 399 19 42 39 25 27 43 22 8 3 1 3 27 
1986 2?E3 3 79 58 118 400 40 31 22 15 15 41 16 6 10 2 33 
4" .. .., -.. ., ... .., • " 113 92 143 O(t. 76 61 13 22 20 16 8 .2 1 13 I"J'~H , .... c.;J • •• 
1988 28E3' 5 167 258 58 58 51 408 40 29 22 11 11 16 4 2 9 
1989 3E4 23 152 48 115 56 57 38 299 40 103 78 6 2 23 2 16 
1990 3E4 1 84 128. 37 71 17 27 39 394 21 27 5 6 6 7 15 
1991 2?E3 1 1 41 2 20 39 27 65 49 376 37 17 12 ·2 9 5 
1992 260 0 191 60 10 9 54 99 48 ~ 51 361 12 6 3 0 8 
1993 3E4 0 34 467 39 51 95 87 210 56 79 16 209 1 0 1 
1994 26E3 2 i9 270 12 8· 20 92 146 165 34 18 4 45 1 0 
1995 2853 0 7 122 84 '7 •• 36 .. 129 i02 33 12 • " 1 j . ' •• ~ 

, ., 
1996 24E3 0 1 29 14 65 89 51 _ 62 41 125 108 36 15 14 59 3 

The SAS SysteiTI is:;; inui"saay, S_~ptember 11, 199' 
HOM-SOTH: Southern horse mackerel (Divisions VlIIc and IXa) 

FLT02: Se East trawl fleet'.,(Aviles) (Catch: Millions) 

Fishing Catch, Catch, Catch, Catch, Catch, Catch, Catch, C,atch, Catch, Catch! Catch~ Catch~ Catch. Catch. Ca?~h ~~~_~ 

Tear 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',! ~9~-14 ;;;~15 
1984 lE4 4 882 759 141 42 39 11 65 18 31 3 4 1 6 , 

ii ~ 

1985 9856 1 167 613 574 13 18 16 13 17 21 14 4 4 1 4 19 
1986 l1E3 36 223 271 174 527 42 19 14 10 8 9 2 1 ,1 0 2 
1987 ' 8309 1 244 350 166 48 396 40 19 7 9 6 5 3 1 ' 1 4 
1988 9047 181 264 53 23 18 19 148 14 17 22 15 12 22 6 5 27 
1989 8063 65 275 62 105 50 42 18 100 13 38 35 1 1 18 2 15 
1990 8492 no ~7> .. , 72 19 21 24 192 iO 13 3 4 4 4 9 ... ,., 
1991 7677 39 495 882 41 85 51 10 12 9 67 3 2 1 • • 1 . . • 
1992 13E3 2 35 21 65 34 60 63 20 16 19 114 3 1 1 0 7 
i993 7635 0 2i5 462 77 44 23 18 42 6 14 2 35 1 0 0 1 
1994 9620 1 47 632 12 6 17 69 118 135 25 14 3 38 1 0 0 
1995 6146 1 182 441 . 141 70 32 25 39 89 71 31 12 4 37 1 1 
1996 4525 0 225 608 129 230 128 32 24 22 49 32 10 4. 4 17 O. 

" 
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Table 7.3.1 CPUE at age from surveys 

The SAS System 18:19 Thursday. September 11: 1~ 
HOM-SOTH: Soutnern hcrse mackerel (Divisions VIItc and ,Xa; 

FlT03: Oct Pt 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 

1985 1 n nnn ... ~ ......... O~Gao 0.000 UeOuO 0.000 0.000 0.000 0.000 
1986 1 706.196 123.479 82,,500 70.046 12.621 2.445 n "1'1"1' 

.... JI ... 0.552 
1987 1 95.243 24.377 29.541 12.419 9.802 5.673 1.163 0.519 
i9aa i 29.4i6 7ll4.046 54.984 20.207 13.920 6.472 21.741 8.294 
1989 1 377.665 93.538 40.406 20.064 6.196 3.956 3.847 2.395 
1990 1 508.494 269.582 28.907 16.472 17.014 9.822 1.794 1.187 
1991 1 336.245 97.414 14.704 13.411 14.272 6.571 3.895 2.275 
1992 1 677.806· 500.049 184.896 34.300 15.932 8.153 6.113 6.745 
1993 1 1733.340 214.230 328.440 111.630 "2'7 not'" 

.. H .\1 I ... 
"lI "Lt'I 
10. I~" 

... ,..~ ... 
"".7~U 0.950 

1994 1 4.217 9.499 75.879 44.908 19.693 5.142 2.013 i .022 
i995 . 6.972 9.386 142.650 56.402 26.310 8.156 3.383 0.709 
1996 , '225.00,0 5.750 6.979 i6.346 19.530 8.052 2.129 0.592 

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 

1985 0.000 0.000 0.000 0.000 0.000 0.000 0.006 0 •. 003 
1986 0.370 0.238 0.189 0.286 0.181 0.126 0.051 0.115 
1987 0.481 n 'I'L .... 

".~ 0.225 D. i65 (;;.248 0.047 0.022 0.019 
1988 1.834 0.878 0;298 0 .. 030 0.0:01 0.001 0.001 0.001 
1989 0.662 0.320 0.430 0.398 0.162 0.139 0.012 0.004 
1990 3.577 2.600 1.532 0.624 0.770 0.266 0.239 0.179 
1991 2.331 1.951 1.006 0.405 0.350 0.238 0.220 0.185 
1992 4.196 3.251 3.805 0.497 0.702 0.178 0.082 0.086 
1993 0.670 0.860 0.570 1.340 0.370 0.220 0.070 0.050 
41"1t'Jol ft D~I'I ... ~'" 0.234 0.189 0. iz6 0.089 0.053 0.030 • 77.,. .... u..o ... ..,.;;;J~" 

1995 0.527 0.383 0 .. 260 0.219 0 .. 227 0.228 n ".,4 " "I4~ ......... ... ,."" 
1996 0.209 0.135 0.106 0.062 0.047 0.031 0.005 0.005 

The SAS System 18:19 Thursday, Sept~mh'!!'" , t , 199' 
KIJfoI,·SCT"~ Southern horse mackerei (OivisTOns VlIlc and IXa) 

FlT04: act Sp. 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 

1985 182.630 .,,~ .. ~ ... 322.5iO 467.600 7.090 6.500 4.710 4.050 U"t • .;tgU 

1986 289.420 44.600 12~640 7.000 1:1 a ..... 4.920 5.150 11.110 ..... <.IIU 

1987 217.665 64.153 20.035 8.053 18.482 16.448 5 .. 100 7.979 
1988 "I~ .... _ 

i4.650 14.220 9.000 5.130 8.170 54.990 ''';;l.'YIU 5.050 
1989 1 115.000 6.540 1.900 21.300 4.680 17.500 15.620 65.040 
1990 1 26.620 17.790 2.730 2.680 15.920 5.680 7.630 6.090 
1991 1 48.470 15.370 5.100 0.150 1.440 1.820 0.710 0.640 
1992 1 85.470 44.810 0.740 1.050 0.350 2.080 4.470 4.360 
1993 1 138.619 31.848 3,,447 0.630 ' .~ 4.546 13.762 11' .on ~. 177 
1994 1 937.761 64.849 20.936 1.332 1.510 2~535 4 .. 887 9.632 
40nc • 38.308 17<.564 12.492 6.941 5.806 3.845 6.311 9.659 liTiTJ • 
1996 1 43.288 47.240 ~..f aI' 19.573 35.014 19.058 6.602 11.004 ";'Y.QOtOfo 

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 

1985 4.840 5.390 3.580 0.880 0.840 0.260 o.rn 5,,010 
10D.oI:. , ..fa ... ;.200 8.540 3.050 1.310 0.800 0.980 3.840 ,iT"'''' ..... r;x;lU 

1987 5.662 5~879 .f. "'""l1 ~ "" ..... 1.470 1.389 4.147 0.001 ~.' ''';' ... ~ ... 
1988 5.730 6.850 4.800· 2.600 7.030 1.650 2.410 17.550 
1989 7.680 10.470 26.160 0.570 0.410 4.770 0.400 5.440 
1990 73.350 3.050 4.730 0.860 0.810 0.600 0.770 1.670 
1991 2.170 28.900 6.420 6.520 2.220 1.070 2.780 0.640 
1992 5.730 5.090 47.600 5.060 1.620 0.600 0.180 3.550 
1993 4.513 4.422 3.881 22.057 0.235 0.041 0.228 0.256 
1994 11.578 2.473 1.530 n 0,,1 , ... 0 .. 36i 0.194 0.433 ... .7 , I .... ""'~ 1995 14.481 11.868 3.503 1.930 0.340 B,,609 0.101 0.049 
1996 2.733 21.892 7.012 1.079 1.723 0.033 3.657 0.078 
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Table 7.3.1 (cont.) CPUE at age from surveys 

The SAS System 09:11 Friday. Sept~r 12, 199 
HOM~SOTH: Southern horse mackerel (Divisions Vlllc and IXa) 

PJS: Jut 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 81.913 38.356 45.522 . 60.648 26.998 5.846 3.164 6.634 
1990 j 62 .. 175 51.605 69.397 26.157 12.393 5.588 3.670 3.515 
1991 1 17.429 53.094 'In 1.'71"1 3.507 '7 ........ 3.978 2.495 3.128 1"7.-,0' , ~.7",g 

1992 1 109.178 1822.950 39.701 21.081 7.980 5.013 3.427 3.348 
1993 1 1.810 263.390 263.800 150.040 20.840 39.560 89.150 . 31.340 
1994 1 54.981 408.262 232.995 110.935 49.988 34.n4 38.438 20.985 
1995 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, 
Yaar ilI;a 8 age.; age iO age U. '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 O.OZO 0.000 0.000 
.~, 1:'_': .,. ......... ',3.550 3.193 5.485 i .1lS3 i.057 0.867 '77" J.r~ ~.7U:.;J 

1995 0.540 0.270 O~223 0.158 0.263 0.115 0.091 0.103 

.. 
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Tabie 7.4.1 Catch in numbers ('000) at age by quaner and by 
sub-division of SOlrrHERN HORSE MACKEREL in 1995 . 
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Table 7.4.2 Catch in numbers by year 

Th ... ca.::: Cve ... ...,. 16:24 Thursday, September .. ' ... - -'- -,_._ ... " . HOM·SOTH: Southern horse ,mackerel (Divisions Vlllc and IXa) 

CANUM:. Catch in Numbers (Thousands) 

Year Age 0 Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 

1981 53700 315700 1362QO 58800 20400 47800 34800 ."., ......... 
~ .... YU 

1982 104700 122600 115000 moo 27000 22200 28000 28300 
1983 iS2300 1109100 74800 24400 22600 31500 34900 20600 
'1984 12200 71100 4597013 40700 7 ......... 0900 21600 20000 .;JOYU 

1985 393697 297486 84887 79849 26197 14665 7075 7363 
1986 615298 4a5659 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 11186 12913 
1991 31786 .o!'t"Ir, • i'l4Si 24222 33833 28678 13952 14578 ""7", .... 

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 16114a 124731 93349 47507 15997 11235 13608 
1996 38345 35453 57096 41157 53002 27873 11580 11378 

'feCii" 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 
i982 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 4334 
1986 12080 6694 8198 6349 5838 3244 2023 2963 
1987 5042 3795 2337 1999 1666 951 1n-,0 

....... 7 1906 
1988 11669 10279 7042 4523 6050 2514 1379 3717 
1989 11308 14892 11182 2728 2243 4266 1456 3791 
1990 76713 ,." 1"7 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 (cm) at age by quarter and by sub;.division 
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Table 7.52 Weight (g) at age- by quarter and by sub-diIJision 
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Table 7.5.3 Southern horse mackerel mean weight at age 

Tne SAS system 16:24 Thursday, 
HaM-50TH: Southern horse mackerel (Divisions VllIc and IXa) 

September i 1 , 199 

WEST: ~ean Weight in Stock (Kilograms) 
,C" h,-

Year 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 Ase 14 Age 15 

1981 0.000 0.032 0.055 0.075 0.105 0.127 0.154 0.176 0.213 0.240, 0.269 0.3Q4 n 'Z1a " "'ft ...... "' .. O.3Si y .. ,J .... ... ...... g "'.~:::I:I 

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 (!~381 

1983 O.QOO 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 O~O55 0.075 0.105 n 1.,..,. t'I. "fr!J .... "..,,~ ... ." ..... ... ... , ... 0.269 0.304 O.3i8 0 .. 348 0.355 0.381 .... 00;.1 ..... IJ'" .... ".., ..... ;C;.I.;J u.,,::,+u 

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 

'991 a.ooo 0 .. 032 0..055 nn= " .. I'll! ......... ......... 0 .. 176 O.2i3 0.240 0.269 0.304 u.318 0.348 0.355 0.381 
"' .... J ..... IU"' IJ. I"~ u. ,;;r .. 

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 ... ., .... ....... ..,1 

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, September 11, 19S 
HCM'SOTH: Southern horse mackerel (Divisions VUle and IXa) 

UECA: 'Mean Weight in Catch (Kilograms) 

Year Age 0 Age 1 Age 2 Age 3 Age 4 Ase 5 A,;a 6- A;e 7 Age J~ Age 9 Age. 10 Age.il Age 12 Age 13 Age 14 Age 15 

1981 0.023 0.040 0.067 0.097 0.174 0.254 0.292 0.341 0.407 '1.000 -1.000 -1.000 -1.000 ·1.000 ·1.000 '1.000 
1982 0.020 0.033 0.082 0.115 0.152 0.226 0.251 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--'.000 ~1_000 -1.000 -1.QOO -1.000 
1985 0.014 n 1"1-::7 ..... ~. n ".., ... 

.... I.I/U O.Q9i 0.117 0.132 0.152 0.182 0.249 0.Z64 0.284 0.312 0.320 0.344 0.357 0.378 
1986 0.016 0.029 0.055 0.076 0.1Q4 0.137 n 1 ere: 

w. , ...... 
n 1",,~ 
.... 17'" 

I'! ........ 
",.';:;UY 0.290 0.3Q1 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 0211 0.246 0.30Z iJ.2.Se " ':I'C:"I ... ,J"'~ ti.36i 0.358 
i9aa 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 
1989 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 0.359 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 0.304 0.323 0.372 
1992 0.018 0.029 0.048 0.078 0.105 0.141 0.162 0.173 0.182 0.191 0.214 0.240 0.278 0.313 0.341 0.387 
1993 0.015 0.034 0.040 0.064 0.109 0.155 n 1",," 

... " I 
,., "I..," "".,"ye. 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 0.226 0,,250 0.276 0.299 " ~nc: 
w.~7'" 

... '7,'7 
U.,J'+J 0.363 u.391 

i995 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 O. i30 O. i54 0.i81 0.206 0.212 0.226 0.257 0.279 0.260 0.313 0.310 0.441 

193 



Table 7.7.1 XSA diagnostics 

Lowestoft VPA Version 3.1 

15-Sep-97 19:07:21 

extended Survivors Analysis 

S.nors. mackerel (run: XSAABM15/X15) 

Catch data-for- 12 years. 1985 to 1996. Ages 0 

Fleet t First, L~st, First, Last, 

FLTOl : 
, year, year-, 

Sc- West- trawl, 1985, 1996, 
FLT02: 8c:East trawl, 1985, 1996, 
FLT03: Oct. Pt "Survey! 1985. 1996, 

1985; FLTO~: Oct. Sp.- Surve, 1996, 
PJS;' Ju.l··Pt. Survey" 1989, 1996, 

Timejseries weights: 
-." 

. Tapered time weighting applied 
Power = 3 over 20 years 

Catchabilityanalysis : 

age age 
0, 11, 
0, 11, 
0;, 11 

'" 
0, 11, 
0' , H, 

to 12. 

Alpha, .Beta 

.000, ,1.000 

.000, 1.000 

.800, ADO 

.790, ' ,;880 

.540, .630 

Catchabitity dependent on stock size for ages < 2 

Re~r~s~ion type = C 
Minimum of 5.points used for regression 
Survivor estf~~t~s shiur~ to the population mean for ages < 2 

CCitcha~H Ity -~ ndependent of age for ages' >= 9 

Terminal-:population estimation' 

Survivor- est:imates' shrunk towards' the -mean F 
of the ,fina,l 5 years or the 5 olde'st ages~ 

'S_E. :oF--the- mean to which the e~'tirt.ates are shrunk = 1.000 

MIni.mum- standard error for pcpufatfon 
-esti:mates deJ:ived~from each fleet--= ~300 

p-~io'r iwelghti-ng', not appl i'ed 

Tunin~ 'had, l"I0t cO,nvergeci' after' 40 iterations 

Total absolute residual between iterations 
39 and 40 = .00658 

Final ye~r F v~lyes 
Age , 0, 
Iteration 39, .0243, 
Iteration 40, .0242, 

Age , 
Iteration 39, 
Iteration 40, 

10, 
.1781, 
.1778, 

1, 
.1002, 
n~, 
~U77U, 

11 
.4161 
.4154 

2. 
.3215, 
• .;110.;1, 

3, 
~0804, 
.0795, 

4, 
.1009, 
~ i 011 , 

5, 
.0428, 
.0428, 
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6, 
.0585, 
.0585, 

7, 
.1003, 
.1002, 

8, 
.1040, 
.1039, 

9 
.1751 
.1749 



Table 7.7.1 (cont.) XSA diagnostics 

REgression weights 
,,751. .820, .877, ';921, .954, .976, .990, .997, 1.000, 1.000 

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

0, .041 ~ 140, .257, n/.n 
....... 7, .Oi4, .028, .009, .. 020, .008, .024 

1, .499, .288, .257, .262, .089, .154, .075, .122, .5OB, .100 
2, A19, .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, .077, .060, .101 
5, .OB4, .150, .169, .102, .082, .074, .125, ~O63, .065, .043 
6, .is), .124, .235, .104, .130, .091, .089, .133, .078, .058 
7, 'n~ .207, .091, "". " in, " 179, .169, .117, .129, .100 " . --, .. 17 I, 

8, .104, .160, .193, .176, .256, '07 ." "~, ." " iQ4 " -_. , ........ , " I IQ, " I"'~, 
9, .177, .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 

XSA populat;on numbers (Thousands) 

AGE 
YEAR , 0, 1, 2, 3, 4, 5, 6, 

1987 , 1.42E+06, 1.70E+06, 5.35E+05, 3.38E+05, 2. 16E+05, 1. 08E+p6 , 1. 39E+05 , 1. 1 OE+05 , 5~53e+04, 2.525+04, 
1988 1.01E+06, 1.17E+06 .. S.S7E+05 .• 3.031:+05, 2.29E+OS, 1.59E+05, 8.58E+05, 9.94E+04, 8.50E+04, 4.29E+04, 
1989 1.15E+06, 7.5SE+OS, 75SE+Q5, 6.755+05, ., .,,-~ .... nc: ~ '7L"'_'-"'" 1.i8E+05, 6.52E+05, 6 .. 96E+04, 6.23E+04, ... k ...... • .,." ,.r ... ;;;""\oI,.I, 

1990 1.08E+06, 7.67O+OS, S.02E+05, 5.84E+OS, 4.94E+05, 1.S8E+OS; , • 28S+05 , B.Q1E+04, C '1'%r ..... l"'Ir J ,.., .... ""i 
J. , ... ",~ ....... , ... .,."+I:~u .. , 

199i 2 .. S4E+u6, 8.85E+05, 5. 08E+OS , 3.39E+05, 4.47E+05, 3. 92E+OS , 1. 23E+05, 9.94E+04, S.70E+04, 3.70E+05, 
1992 1.80E+06, 2.16E+06, 6 .. 97E+OS, 3.71E+OS, 2.69E+OS, 3.S3E+OS, 3.11E+05, 9.30E+04, 7.21E+04, 3.80E+04, 
1993 1. 25E+06, 1.S1E+06, 1.S9E+06, S.00E+05, 2.71E+05, 2.12E+OS, 2.82E+OS, 2.45E+05, 6.69E+04, 5.15E+04, 

. 1994 5.17O+OS, 1.06E+06, 1.20E+06, 1.13E+06,3.42E+05, 2. 00E+05 , 1.61E+OS,2.22E+05, 1. 78E+OS , 4. 65E+04 , 
1995 4.nE+OS, 4.36E+05, 8. 09E+OS , 7.91E+05, 8.85E+05, 2.nE+OS, 1.62E+05, 1.21E+05, 1. 70E+05, 1.28E+OS, 
1996 1.73E+06, 4.03E+05, 2 .. 26E+OS, C Rl"'Ir ..... l"'Ir 1:-t\/PL"'~ 7 ~in+05, 2.20E,+05, 1.29E+OS, 9.16E+04, 1.28E+05, ................. .,#, .,#. 7"J;'-U.r, 

Estimated populatfon abundance at 1st Jan 1997 

.OOE+OO, 1.4SE+06, 3.16E+OS, 1.43E+OS, 4.66E+OS, 4.61E+OS, S.92E+05, 1.78E+OS, 1.00E+05, 7.11E+04, 

Taper we;ghted geometric mean of the VP.A populatfons: 

1.24E+06, 9.43E+OS, 6.SBE+G5~ S.43E+05~ 3.89E+05: 2.79E+05, 1.90E+OS, 

Stand~jd error of th~ ~ei;hted Log(VPA populations) 

.55S0, .S238, .S327, .S098, 

AGE 
YE.,a,R ,n .. , ", 
1987 2.16E+04, 2.23E+04, ...... .,. .. ,,= i.S2E+04, 1.64E+04, 
1989 2.74E+04, 9.11E+03, 
1990 3.98E+04, 1.32E+04, 
1991 3.37E+04, 2.82E+04, 
1992 2.S9E+05, 2.10E+04, 
1993 2.1,e+04~ 1.74E+OS. 
1994 3. 03E+04 , 1.270+04; 
10L"'l~ 
'77"# 

... ... J ........ ' 
~ .. t:."I:"'u'" 2. BE+04, 

1996 9.49E+04, 2.00E+04, 

Estimated population abundance at 1st Jan 1997 

9 .. 27E+04, 6.85E+04, 

.5758, 

Ta~r weighted geon~tric mean of the V?A populat;cns: 

3.88E+04, 2.14E+04, 

Standard error of the weighted Log(VPA populations) 

.7718, .7795, 

.6118, .S740, 

195 

6.46E<t>04, 

.6402, .7197, .761S, 

7, 



Table 7,7,1 (cont,) XSA diagnosti.cs 

Log catchability residuals. 

Fleet FlT01: Bc West trawl 

Age 1985, 1986 
0 99.99, 99.99 
i -.32, .43 
2 .50, . .27 
3 1.19, 1.86 
4 ~ • .r.2, 1.04 
5 .12, .19 
6 -.01, '.33 
7 -.28, '.64 
8 ... 05, '.40 
9 · " . .61 ... , 

10 • .31, .34 
11 , ... 35, '.07 

Age 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 
0 M no no no M M 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 7707"7, 77077, 77.77, 

1 • .37, .61, .97, .69, -1.45, .06, . « ~~ " • TT, ---, . ... , 
2 .. 55, .53, '1.05, .41, -.69, -.58, .52, .41, ... 09, 
3 1.70, 1. i 1 , .94, -.07, -2.36, -.78, .19, -1.75, .52, 
4 2.04, .86, .83, .23, -.SS, -1.11, .53, -1.48, - .96, 
5 , 1.37, .55, .51, -.62, -.61, - .. 16, .82, .... 60, -.74, 
6 ,Off, .40, .02, -.47, -.33, .06, - .10, .66, - .. 37, 
7 .21, -.26, -.24, ... 13, .25, .05, .43, .25, ·,.02, 
8 -.79, -,59, ~. 10, '. _UL _~2, .12, 'R <R- ,n - ";-:-, ---, . ~c-'" ,., ..... , 
9 .13, ... 54-, .57, .... 8', . ~14~ ~S5, .54, ... ~ 17, -,.-17, 

iO .16.; ,-.'2.7-, 1.24,' -.·36, ~27 , ~50, -~l~' : ~:~'~ . ~~, 
11 . ,. " , -,. - .. ..-,aD •• ., . .-..- , ..... , , ....... , - .~r, , ... ;J( , .=, -: I.UU, ... .;), 

Mean Lo:g ,c,~t'chabitity ,and standard' error of ',ages witn cat~habi lity 
independent of year ctass strength and constant w.r.t. tim'e 

1996 
99.99 . .61 
'.03 
-.83 

.18 
'.29 
-.18 

.04 -.'8 

.21 

.36 

.9'3: 

Age, 2, 
Mean Log,.q, -: --,8 .. 7876, 
S.E(log ql, .5600, 

3, 
-19.7652, 

1.3373, 

4, 
-19.25~1, 

1.0485, 

5, 
'18.6906, 

.6719, 

6, 
-18.1641, 

.4056, 

7, 
'17.6291, 

.2859, 

Regression statistics 

Ages with q dependent on year class strength 

Age, Slope, t-value , Intercept, RSquare, No ?ts, Reg s.e, Mean Log q 

0, 

" 

.00, 

.45, 
.000, 

i .2iD, 
.CO, 

16.80, 
.00, 
.36, 

0, 
12, 

.00, 

.73, 
.00, 

-20.49, 

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, . -, 
4, 
5, 
6, 
7, 
8, 
9, 

10, 
l' 

.81, 
I .;J"to, 

1.51, 
.84, 
.84, 
.92, 
.83, 
.92, 
.84, 
.78, 

.648, 
.. .'::;0", 
•. 549, 

.505, 

.815, 

.620, 
1.183, 

.418, 

.989, 
1-341 

17.79, 
22.00, 
22.49, 
17.72, 
17.20, 
17.14, 
16.46, 
16.58, 
15.88, 
15.69, 

.59, 

.08, 

.12, 

.55, 

.75, 

.86, 

.85, 

.76, 

.81, ., 
'''', 

12, 
12, 
, 2, 
12, 
12, 
12, 
12, 
1 2, 
12, 

" ,., 

.. 47, 
1.89, 
1.64, 

.59, 

.35, 

.27, 

.32, 

.45, 

.40, 
'" ...... , 

1nl:: ' 
<7V 

-18.79, 
-19.17, 
-19.26, 
'18.69, 
'18.16, 
'17.63, 
-17.49, 
-17.06, 
-16.92, 
_ .. .,. '2'1"1 - I, .... ,u, 

8, 
·17.4867, 

.3924, 

9, 
'17.0590, 

.4700, 

10, 
-17.0590, 

.4956; 

11 . 
-17.0590, 

.5875, 



Table 7.7.1 (cont.) XSA diagnostics 

Fleet FLT02: Bc East trawl 

Age 1985, 1986 
o , 99.99, 99.99 

1"1 ....................... .... 
77.77, "Y."" 

2 99.99, 99.99 
3 99.99, 99.99 
4 , 99.99, 99.99 
5 •• 58, .16 
6 -.31, -.45 
7 -.11, -.50 
8 .28, - .24 
9 -~05. -.69 

10 .02, - .63 
11 -.27, '1.60 

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

1987, 1988, 1989, 1990, 1991, 1992, 1993, 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, 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, 99~99, 99.99, 99.99, 99.99, 99.99 

.S9, -.28, .54, -.23, -·.06, -.30, -.22, -.n, .05, .76 

.62, ".01, .04, .00, -.59, -.20,. -.SS, .85, .25, .49 
".23, -.47, -.33, .34, -.48, -.40, ".12, .75, ,.70, .45 
-.72, - .. 32, -.26, .37, ..... 35, - .. 55, -.93, .96, 1.01, .52 
-.09, .24, .53, -.66, -.68, -~06, -.19, .18~ .63~ .58 

," 
'" -.37, .63, 1.40, -.20, -'.34, -.27, -1.25, .03, 1.27, .46 
11 -.60.. ~62. -1.15, - .. 49, ~1-.'6C, -1.38, -.55, -.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 Leg q, 
S.E(Log q), 

2, 
.COOO, 
.0000, 

Regression $tati~tics 

Ages with q dependent 

Age, Slope , t·value , 

0, .00, .000, 
1, 00 OM ...... , ........ , 

3, ........... .uuuu, 
.0000, 

on year class 

4, 
.OOCiO, 
.0000, 

strength 

5, 
-17.7183, 

.5035, 

6, 
-17.6362, 

.5208, 

Intercept, RSquare, No Pts, Reg s.e, Mean Log 

.~~, .00, 0, .00, .00, 
.. lW, 0, .00, .00, .uu, 

7, 
-17.3321, 

.4851, 

q 

Ages with q independent of year cl ass 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, .. DaD, .00, .00, n nn .00, -, ........ , 
5, .64, 2.661, 15.87, .87, 12, .. 25, -17.72, 
< , ,n 
~, I. !U, -.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, 

197 

8, 
-17.1517, 

.6658, 

9, 
'16.7099, 

.4877, 

10., 
-16.7099, 

.9049, 

11 
-16.7099, 

1.0325, 



'. 

Table 7.7.1 (cont.) XSA diagnostics 

Fleet FLT03: Cct Pt Survey 

Age 1985, 
o 99.99, 
'i 99.99, 
2 99.99, 
3 , 99.99, 
4 99.99, 
5 , 99.99, 
6 , 99.99, 
7 , 99.99, 
8 99.99, 
9 99.99, 

10 99.99, 
11 99.99, 

Age 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1987, 
-.36, 

-1.01, 
-.21, 
-.38, 

.14, 
-1.33, 
- .. 38, 
... so, 
-.17, 

.28, 
" .. 10, 
.. 1."'-

.~.." 

1986 
-.26 

.30 

.73 
1.41 

·1.52 
'.37 

-1.78 
'.34 
.05 

~.34 

'.61 
.38 

19BB, 
-.37, 

.99, 
... 35, 
.15, 
'" ........ , 

.n, 

.68, 
2.16, 
.n, 
.72, 
.. 71, 

-" ~II: - I .CJJ I 

1989, 
.36, 
-39, 

... 51, 
-.65, 
- ~" -.Jc., 

.. 19, 
1.02; 

-1.06, 
-.02, 
-.66, 
.70, . "' loJO, 

1990, 1991, 
.46, -.54, 

01 .~ .", .", 
-.32, -1.08. 
-.74, -.4( 
-.20, ·-.27, 
1.15, .. '.17, 

.06, .90, 

.42, .84, 
-.34, '1~49, 
1.61, -~71, 
1.27, 1.12, 
1.59, .32, 

1992, 1993, 
.04, .71, 

.. 11: ,.., 
.. 1;;1', .U'+, 

1.15, .91, 
.4S·, 1.42, 
.35, L24, 
.'4, "'~63, 
.39, -L37, 

2.00, -.94, 
, ~79, .05, 
2_27, .59, 

.35, 1.05, 

.57, -.,29, 

1994, 1995, 1996 
'.37, -.12, .27 

-L-io, :-.i~, -.48 
.. _21 .. 79, -.85 
-:42; .20, ,.78 

.31, '.36, -.23 

.24, .39, -.61 
·,02, .45, -.34 
-.82, '.56, -.83 
-,72, -1.19, -1.52 
.07, -1.33, -2.35 

-.33, -.18, -2.29 
.35, .07, -1'.06 

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

Age # 

Mean Log C;, 
S.E(Log cjl, 

2, 
-9.,1065, 

.7824, 

Regression statistics : 

3, 
'9.5060, 

.7890, 

4, 
-9.8831, . 

.6519, 

5, 
-10 .. 6281, 

.6848, 

6, 
-11;0258, 

.8616, 

7, 
'11.2468, 

1.1876, 

Ages with q dependent on year class strength 

Age, Slope , t-value , Intercept, RSquarel' Jilo Pts, Reg s.e, Mean Log q 

0, .. 33, 2.572, 12.26, .65, 11, .44, -8_67, 
1, .5i, 1.089, 11.43, .38, 1-1, .73, -9.19, 

Ages with q independent 01 year- class strength and- constant w.r .. t. tim~. 

Age, Slope , t-value , Intercept, RSquare, Jilo Pts'~ Re'g s .. e, . Mean Q 

2, .sa, 1.673, 10.93, .66, 11, .41, -9 .. 11, 
3, 2.45, -, .. 969, 4.22, .OS, ~ ~ ~~, 1 .. 94, -9 .. 51, 
4, 5.22, -2,95~. -2.8S, "' 2.50, -9.88, .UIWI, 11; 

5, 5.40, -3.094, 2.11, • 06, 11 . 2.64, -10.63. 
6, 1.01, -.01a, 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, 
11, 1.67, ·.946, 11.62, .20, 11, 1.67, -10.98, 

198 

!!, 
-11,.2536, 

1.0632, 

~ 

" -11.1381, 
1.3568, 

iOj.'> 
'11.1381', 

1.0749, 

ii 
-11.1381, 

1.00BB, 



Table 7.7.1 (cont.) XSA diagnostics 

Fleet FLT04: Oct Sp. Sur'Ve 

Age 1985, 1986 
0 99.99. 99.99 

I"ll"l I"ll"l 
77 4 77, 

~M 

77.7" 

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 -~O8. .67 

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

Age 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996 
o 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99 
1 99.99, 99.99, 99.99. 99.99" 99~99. 99.99, '99.99, 99.99, 99.-99, 99.99 
2 , 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99 
3 99 .. 99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99 
4 99.99: 99.99; 99~99, 99.99, 99'.99, 99.99, 99.99 .. 99.99, 99.99 .. 99.99 
5 -.29, .99, 1.66, .59, -1.47, -1.24.. .10, -.-48, ~.37, ,,24 
6 .12, .62, 1.44, .53, -1.78, -.90, .32, -.11, .09, -.19 
7 .21, -,06, .51, .33, -2.16, -.17, .22, -.30, .32, .37 
8 .25, -.12, .40, .65, -.61, .07, -.07, -.14. .09, - .. 98 
9 .65, .38, .43, -.63, -.41, .32, -.18, -.80, -.29, .34 

10 .. 54, LOa, 2 .. 40, -.01, .57, .47, .56# -.85, .02, -.49 
11 .47; .42" -.48, -.49, .70, .i9, .il, -.47, -.16, -.61 

Mean log catchabi l i ty and standan:l error of ages _ wi th, ,ca,tchabi l i ty .. 
independent of year class strength and constant'w.r.t. time 

Ase • 
Mean Log q, 
S.E(Log q), 

Regt"e5.5.~er!. 

2, 
nnnn 

~""'''''l 

.0000, 

sta:tis.t'ics. : 

3, 
.uuuu, 
.0000, 

Ages with q dependent on year class 

4, 
.0000, 
.0000, 

strength 

5, 
-jO~6141 , 

.9091, 

6, 
-10.0502, 

.8192, 

7, 
-9.5258, 

.7817, 

Age, SLope , t-value I Intercept, RSquare, No Pts, Reg s.e, Mean Log q 

0, .00, .000, .00, .00, 0, .00, .00, 
1 .00, nnn .uu, .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, n on "" -, '''''', .vu, 

5, 2.91, -1.439, 6.94, .06, 12, 2.51, -10.61, 
L .,. I , .i95, 10.23, .37, 12, .79, '10.05, ~, 

7, .83, .494, 9.9t, .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, 
1" .82, 1.046, 8.96, .79, 12, .42, -8.73, 

.' 
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8, 
-9.2258, 

.4833, 

9, 
-8.7446, 

.5013, 

.n 
,~, 

-8.7446, 
.9437, 

11 
-8.7446, 

.5227, 



Table 7.7.1 (cont.) XSA diagnostics 

Fleet PJS: Jut Pt. Survey. 

Age 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

1987, 1988, 1989, 
99.99, 99.99, 3.41, 
99.99, 99.99, ·.28, 
99.99, 99.99, -.25, 
99.99~ 99~99, .46, 
99.99,99.99, 1.09, 
99.99, 99.99, '.22, 
99.99, 99.99, -.50, 
99.99, 99.99, -1.36, 
99.99, 99.99, .20, 
99.99, 99.99, .31, 
99~99, 99.99, .35, 
99.99, 99.99, .74, 

1990, 
3.17, 
... 17, 
.66, 

".26, 
'.55, 
... 20, 
-.51, 

.. 16, 
-.87, 
.29, ., 

" • .:J I, 

.21, 

1991, 
-1.8J 

·:34; 
-.67, .• = 

- I .. ' ~, 

-1.60, 
-1.46, 
-.84, 
-.18, 

.60, 
-.80, 

.. 89, 
L03;, 

1992, 
3.37, 

.26, 
... 26, 
.uu, 

-.38, 
'1.12, 
-1..47, 
-.04, 

.40, 
1 .. 30, 
.... is, 
1.47, 

1993, 
-7.0B, 
- .. 21, 

.81, 
i.70, 

.62, 
1.48, 
1.88, 
1.22, 
2.26, 
1.49, 
-.54, 

-2.50, 

1994, 
2.80, 
.34, 

1.01, 
.5i, 

1.21, 
1.37, 
1.63, 
.88, 

-.12, 
.60, 
.93, 

1.71, 

1995, 1996 
-3.23, 99.99 

.34, 99.99 
-1.31, 99.99 
-.68, 99.99 
'.38, 99.99 

.02, 99.99 
-.34, 99.99 
-.82, 99.99 

-2 .. 46; 99.99 
-3.12, 99.99 
-1.83, 99.99 
-1.75, 99.99 

Mean log catchabi l ity and standard error -of -'ages. with catcflahi l i ty 
independent of year ct3~$ stiength and-constant w.r.t. time, 

.. -I'Il:1'= , 
Mean Log q, 
S,E(log qJ, 

-, 
-9.3169, 

.B717, 

Regression statisti~s 

3, 
'9.5929, 
1.0882, 

4, 
'9,,9103, 
1,0140, 

Ages with q dependent on year class strength 

5, 
-9.9077, 
1. 1374, 

6, 
,9.8017, 
1.2902, 

7, 
-9.9940, 

.8969, 

Age, Slope. t·vatue , Intercept, RSquare. No Pts, Reg S.~'" M~an log q 

" u, 
1, 

.. ~522, 
2~'67, 

5.15, 
" ~!. ... ~, .02, 

= • r ~, 

7, , , 4.64, -10.57, 
.34, -8.64, 

Ages with Cl indeper'ident of yea.r class strength and constant w.r.t. time. 

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean 0 

2, 
3, 
4, 
5, 
6, 
7, 
8, 
9, 

10, 
11, 

.5 t , 

.56, 
-10.65, 

... 95, ., ......... 
1.27, 

'7.12, 
-3.60, 
1.01, 

-5.23, 

1.159, 
.. 713, 

-1.294, 
-1.734, 

,,~ 

• ., If, 

-.379, 
-1.696, 
-1.B25, 
... 023, 

-2.148, 

11 .. 41, '1 .,., . , ....... , 
44.13. 

1:"~' IU .. OO, 

9.46, 
23.27, 
16.44. 
9.87, 

12.13, 

.54, .. 

.~Q, 

.00, 

.14 • 

.20, 

.. 30, 

.01, 

.03, 

.42, 

.02, 

~, , , 
7, 
7, 
7, 
7, 
7, 
7, 
7, 
7, 

.43, 

.64, 
10.21" 

.93, 

.87, 
1.23, 
9.08, 
4.86, 
1.0B, 
6:80 .. 

200 

-9.32. 
·9.59, 
-9.91, 
-9.91. 
·9.80, 
-9.99. 

-10.04, 
.. 9.78, 
'9.88, 
-9.67, 

8, 
-10.0370, 

1.4697, 

9, 
-9.7756, 
1.6049, 

" 10, 
-9.7756, 

.9779, 

11 
-9.7756, 
1.6644, 



Table 7.7.1 (cont.) XSA diagnostics 

Terminal year survivor and F summaries 

Age 0 Catchabi 1 ity depend.ent on a-ge and year class strength 

Year class = 1996 

Fleet, 
, 

FLT01: Bc Ye$t trawl. 
FLT02: Bc East trawl, 
FLT03: Oct Pt Survey, 
FLT04: Oct Sp. Surve, 
PJS: Jut Pt. Survey" 

P shrinkage mean 

F shrinkage mean 

Weighted prediction 

Survivors, 
at end of year, 

1451865., 

Int, 
s.e, 
.34, 

Estimated, 
Survivors, 

1. , 
1. , 

1907047., 
I., 
1. , 

943478. , 

2245722., 

Jnt, 
s.e, 
OM ........ u, 

.000, 

.484, 

.. 000, 

.000. 

.52"" 

LOOt .. , 

N, Var, 
Ratio, 

.962, 

Ext, Var~ 

s.e, Ratio, 
.000, .00, 
.000, .00, 
.000, • 00, 
.. 000, .00, 
.000, .00, 

F 

.024 

Age Catchability dependent on age and year cLass strength 

Year class = 1995 

FLeet, Estimated. tnt, Ext .. ,,--.a. ,. 
Survivors, s .. e, s .. e, Ratio. 

FLT01: Se west trawl, 171338. , .864, .000, .OO~ 
FLT02, 8c East trawl r , M" .000,. .. 00, ", .uuu, 
FLT03: Cct Pt Survey, 252245., .442, .. 158, .36, 
FLT04: Oct Sp. Surve, 1. , .000, .000, .. 00, 
PJS: Jul Pt. Survey, , 12395. , 5.309, .000, .00, 

P shrinkage mean 657659., .53,,.,, 

F sf1dnkage ll'Jean 157095., , "" •• u .... ",, 

Weighted predlctfcn 

Survivors, Ent, Ext, N, Var, F 
at end c"f yeai, s.e, s.e, , Ratio, 

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

201 

N, Scaled, Estimated 
, Weights, F 

0, .000, .000 
0, .. 000, .000 
1 • .473, .000 
0, .000, .000 
0, .000, .000 

.414, .037 

'1' .. I .... , .016 

" Sealed,. Estimated ", 

1 : 
lJe1ghts

j F 
.117, .176 

0, .oeo, .000 
2, .444,. .123 
0, .000, .000 
I, .003, 1.296 

.340, ~O49 

.096, .190 



Table 7.7.1 (cont.) XSA diagnostics 

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

Yeal cLass; 1994 

Fleet, 
, 

FLT01: Se West trawl, 
FLT02: Se East trawl, 
FLT03: Oct Pt Survey, 
FLTC4: Oct Sp. SUrve, 
PJS: Jut Pt. SurveYi; 

F shrinkage mean 

Weighted prediction 

Survivors, 
at end of year, 

142767. , 

In!, 
s.e, 
.24, 

Estimated, 
Survivors, 

146099. , 
1., 

86570. , 
1., 

200541. ~ 

239841. ; 

ext" 

Int, 
s.e, 

.481, 

.000, 

.403, 

.000, 

. 377, 

1.00,;;, 

N, 

8, 

V~r, 
Ratio, 

.679, 

Ext, 
s.e, 
.101, 
.000, 
.204, 
.000, , ., .,0.1', 

F 

.318 

-Var, 
Ratio, 

.21, 

.00, 

.51 , 

.. 00, , . ........ , 

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

Year class = 1993 

Fleet, 
, 

FLT01: Se West traWl, 
FLT02: Se East trawl, 
FLT03: OCt Pt Survey, 

'FLT04: Oct Sp. Surve, 
PJS: Jul Pt. Survey" 

F shrinkage mean 

Weighted p~ediction 

Su~vivors, 
at end of year, 

465629. , 

Int, 
s.e, 
.21, 

Estimated, 
SiJ~vjvors, 

43~606. , 
1. , 

509432., 
1., 

488851. , 

252233. , 

Ext, 
s.e, 
.22, 

Int, 
s.e, 

.446, 

.000, 

.345, 

.000, 

.349, 

1.00",. 

N, 
, 

,11, 

Var, 
Ratio, 
1.049, 

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

F 

.080 

Var, 
Ratio, 

.56., 

.00, 
1.38, 
.00, 

L47 j 

Age 4 Catchability constant w.r.t. time and deper~~~t en age 

Year class = 1992 

Fleet, 
, 

FLT01: Se west trawl, 
FLT02: Bc East tra~L. 
FLT03: Oct Pt Survey, 
rLf04: Oct Sp. Surve, 
PJS: JuL Pt. Survey" 

F shrinkage mean 

Weighted prediction 

survivors, 
at end of y~al", 

461233., 

Int, 
s.e, 
.20, 

Estimated, 
Survivors, 

546i56. , 
1., 

445461., 
1., 

421781. , 

502847. , 

Ext, 
s.e, 
.10, 

Int, 
s.e, 

.418, 

.000, 

.308, 

.000, 

.330, 

1.00." " 

N, 
, 

14, 

Var, 
Ratio, 

.498, 

Ext, 
s.e, 
.207, 
nM ....... , 

.079. 

.000, 

.286, 

F 

.101 

Var, 
Ratio, 

.50, 
nn ..... , 

.26, 

.00, 

.87, 

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

Year cLass = 1991 

FLeet, 
, 

FLT01: Bc West trawl, 
FLT02: 8c East trawl, 
FlT03: Oct Pt Survey, 
~ITnL. Qct Sp. Surve, 
PJS: Jul Pt. Survey" 

F shrinkage mean 

Weighted prediction 

. Survivors, 
at end of year. 

591801., . 

tnt, 
s.e: 
.18, 

Estimated. 
Survivors, 

504492. , 
1270650., 
446136., 
'7r~ 1"7~ 
,-' ... ..;le., 

m413., 

302047. , 

Ext, 
$~ei 

.14, 

Int, 
s.e, 

.366, 

.527, 

.286, 

.9Si, 

.363, 

1.00"" 

N, 
, 

19, 

Var, 
Ratio, 

.792, 

Ext, 
s.e, 
.326, 
.000, 
.205, 
.000, 
.182, 

F 

.043 

Var, 
Ratio, 

.89, 

.00, 

.72, 

.00, 

.50, 

202 

N, Scaled, 
, Weights, 

2, .278, 
0, .000, 
3, .321, 
0, .000, 
~ "2'n"Z 
"I .~VJ, 

.098, 

N, Scaled, 
, Weights, 

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

.059, 

N, Scaled, 
, Weights, 

4, .220, 
n ,..,.,,., \I, ............. , 
5, .414, 
0, .. 000, 
4, .309, 

.057, 

N, Scated, 
, Weights, 

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

.039, 

Estimated 
F 

.309 

.. 000 

.4n 

.000 

.200 

Estimated 
F 

.083 

.000 

.072 

.000 

.075 

.141 

Estimated 
F 

.086 

.QOO 

.105 

.000 

.110 

.093 

Estimated 
F 

.050 

.020 

.056 

.034 
n" .... olol 

.082 



Table 7.7.1 (cont.) XSA diagnostics 

Age 6, Catchabi thy ecnstCiiit W.I .'-_ time and dependent on age 

Year class = 1990 

Fleet, 
, 

FLT01: 8c West trawl, 
FLT02: 8c East trawl, 
FLT03: Oct Pt Survey. 
FlT04: Oct SPa Surve, 
FJS; Jut Pt. Survey" 

F shrinkage mean 

Weighted prediction 

Survivors, 
at end of year, 

178427., 

Int, 
s.e, 
.15, 

Estimated, 
Survivors, 

109142. , 
~'Z"l"l/~ ............ "'l1;li. , 
280348. , 
136304. , 
191495. , 

97584. , 

Ext, 
s.e, .. .. '-', 

Int, . 
s.e, 

.285, 

.. 379, 

.278, 

.637,. 

.321, 

1.00,,, , 

N, 
, .. ", 

Var, 
Ratio, 

.041, 

Ext, Var, 
s.e, Ratio, 
.199, .. 70, 
.21S, .58, 
. 1%, • 71, 
.092, .14, 
.321, 1.00, 

F 

.058 

Age 7 Catchability constant w.r.t. time and dependent on age 

Year class = 1989 

Fleet, lnt. E~t.- \tar, 

N, Scaled, 
, WeightS; 

6, .294, 
2, .184, 
'7 ,~ . . , ......... , 
2, .065, 
6, .165, 

.029, 

• Scaled, '"' , 
Estimated~ 
Survivors, 

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

. s .. e .. s ... e', Ratio, , Weights, 
flT01: Se West trawl, 
FLT02: Bc East trawl, 
FLT03: Oct Pt Survey, 
FLT04: Oct sp. Surve, 
~JS: Jut Pt. Sur'':~'f" 

F"shrinkage mean 

Weighted prediction 

Survivors, 
at end of year, 

100342. , 

lot, 
s .. e, 
.13, 

",.., ~r-"" 
11 ..... loi f .. , 

63551., 

Ext, 
s.e, 
.10, 

.208, 

.304, 

.285, 

.504, 

.325, 

1.00"" 

N, 

• 29, 

Vsr, 
Ratio, 

.134, 

.134, .64, 7, 

.358, 1.18, 3, 

.256, .. 90, 8, 

.240, .48, 3, 
.. 237, .73, 7, 

F 

.. 100 

Age 8 Catchability constant w.r.t. time and dependent on age 

Year cLass = 1988 

Fleet, Estimated, tnt, Ext, Var, 
, Survivors, s.e, s.e, Ratio, 

FLT01: Se west trawl: 7!!S78. , _1~~ ,., .97, ... _-, .. _ .. , 
FLT02: Se East trawl, 116248. , .281, •. 232, .83, 
Flf03: Qct Pt survey, 50676. , .281, .189, .67, 
FLT04: Oct Sp. Surve, 43341., .360, .325, .90, 
PJS: Jul Pt. Survey, , 63260. , .325, .368, 1.13, 

F shrinkage mean 36368., 1.00"" 

Weighted prediction 

Survivcrs, , .. <-- ", Ver, F ~ .. ~, ...... \0, 
at end of year, s.e, s.e, , Ratio, 

71125. , .12, .11, 33, .930, .104 

Age 9 CatchabiLity constant w .. r.t. time and dependent on age 

Year class = 1987 

Fleet, 
, 

FLT01: 8e West trawl, 
FLT02: 8e East trawl, 
FlT03: O~t Pt Survey, 
FLT04: Oct Spa Surve, 
PJS: Jut Pt. Survey" 

F snrinkage mean 

Weighted prediction 

Survivors, Int, 
at end of year, s.e, 

92684., .li, 

Estimated, 
Survivors, 

100101. , 
121210. , 

11::-,,,11::,, ........ 1., 
98640. , 
70187. , 

54982., 

Ext~ 
$.e, 
.'il, 

tnt, Ext, Var, 
s~e, s.e, Ratio r 

.176, •. 115, .66, 
.. 248, .~~?, 1.32, 
"~ .88, .", , .~ ..... , 

.298, .208, .70, 

.449, .533, 1.19, 

1.00" " 

N, Var. F 
Ratio, 

37, .929, .175 
203 

N, 
, 

• -, 
4, 
9, 
4, 
7, 

N, 

9, 
5, 
,u, 
S, 
7, 

.421, 

.202, 

.171, 

.. 074, 
.. 109, 

.022, 

Scaled, 
Weights, 

.428, 

.189, 

.142, 

.126, 

.095, 

.020, 

Scaled, 
Weights, 

.417, 

.217, 

.131, 

.161, 

.054, 

.019, 

Estimated 
F 

.094 

.045 
"~ . .u.,;rg 

.076 

.055 

.104 

Estlii.ated 
F 

.115 

.098 

.072 
.095 
.097 

.154 

Estimated 
F 
"~, 

.1,01", ... 

.065 

.143 

.165 

.116 

.194 

Estimated 
F 

.163 

.136 

.292 

.165 

.225 

.279 



Table 7.7.1 (cont.) XSA diagnostics 

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

Yea~ cLass = 1986 

Fleet, 
, 

FLT01: Sc West trawl, 
FLT02: Se East trawl, 
FLT03: O~t Pt Survey, 
Flr04; Oct Sp~ 5urve i 

PJS: Jut Pt. Survey" 

F shrinkage mean 

Weighted prediction 

Survivors, 
at end of year, 

68494., 

!nt, 
s.e, 
.11, 

Estimated, 
Survi",ors, 

87212., 
90064., 
360070, 
48a38~. 
43377. , 

39114., 

<v. -"''', 
s.e, 
.10, 

Int, 
's.e, 
.171, 
.245, 
.296, 
.289, 
.489, 

1.00, '_1' 

u u ..... 
'" .<;0' , 

41: 
Ratio, 

.864, 

Ext, Var, N, Scaled, Estimated 
s.e r Ratio, , Weights', F 
.102, .. 59, 1O .• .435, .142 
.190, .78, 6, .215, .138 
.238, .SO, i i , .. i17, .314 
. 172, • 60 .. -·6 • : 166. .241 
,567, 1.16, 7, .045, .267 

.022, .293 

F 

.178 

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

Year class = 1985 

Fleet, 

FLTO'; Se West trawl, 
FLT02: Se East trawl, 
FLT03: Oct Pt Survey, 
FlT04: Oct Spa Surve, 
PJS: Jut Pt. Survey" 

F shrinkage mean 

Weighted prediction 

Survivors, 
at end of year, 

11376., 

Int, 
S.e, 
.12, 

Estimateci, 
SYr"Vfvgrs, 

13422., 
11175. , 
12338., 
6978., 
8222., 

44548. , 

Ext, 
s.e, 
.11, 

lnt, 
s.e. 

.176, 

.250, 

.348, 

.272, 

.499, 

1 nn .... ,'" 

N, 

44' , 

Var, 
Ratio, 

.896, 

Ext, Var, N, Scaled, Estimated 
s.e. R.rt'io" • Weights .. F 
.128, .73, 11" .410, .362 
.268, 1.08, ',7, .195, .• 421 
.269, .77, 1.1, .099, .388 
•. 185, .68, 7, .215, .609 
.528, 1.06, 7, .046, .537 

n .. .123 ----, 

F 

.415 

204 



Table 7.7.2 Final VPA rsults· Fishing mortality 

Run title: S. horse R~ckeret (nun: XSAABMi5ixl;) 

At 15-Sep-97 19:08:18 

Table 8 
YEAR, 

Terminal Fs derived using XSA (With F shrinkage) 

Fishing mortality (F) at age 

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

10, 
11, 

+gp, 
FBAR 1-11, 
FBAR 0- 3, 
FaAi{. 7-11, 

Table 
YEAR, 

AGE 
" U, 

1, 
2, 
3, 
4, 
< -, 
6, 
7, 
8, 
9, 

10, 
11 .. , 

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

8 

1985, 1986, 

.2911, 

.4415, 

.2199, 

.0519, 

.1197, 

.0912, 

.0701, 

.1497, 

.1084, 

.1547, 

.1831, 

.3349, 

.3349, 

.1750, 
,~~!~, 
.. 10gl, 

.2899, 

.5526, 

.2361, 

.2456, 

.0997, 

.. 1690, 

.1086, 

.3427, 

.3678, 

.2531, 

.2933, 

.3873, ,,7"< • .,w'"" 

.2778, 

.3311, 

.3288, 

Fishing mortality (F) at 
1987, 1988, 1989, 

.... ~'~ .. i397, .25{3, .U,:!,I;;J, 

.4989, . .2876, 2569, 

.4191, .1226, .1060, 

.2376, , .1509, .1618, 

.1554, .1123, .1979, 

.0840, .1498, .1691, 

.1855, .1241, .-2346~ 

.1,083, .2067, .0910, 

.1035, .1601, ~'1927j 

.1770, .2988, .2977, 

.1242, .5405, .5802, 
1n11O ":tC::"lO ~Clnl:: 

... - '--:1 .-..... "., • ..IW7'" , 

.1015, .3529, ;3895, 

.1996, .2278, .2434, 

.2993, .1752, .1955, 

.1229, .3118, .3102, 

age 
1990, 1991, 1992, 

.0492, .ono, .0277, 

.2624" .• 0885, .1536, 

.2437, .1645, .1823, 

.. 1179, .0802, .1638, 

.0816, .0851, .0904, 

.1024, .0821, .0738, 

.1043, .1304, .0905, 

.1908, .1720, .1795, 
Xl59, .2562, ~ 1866 .. 
.2314, .2081, .4383, 
.1955, .3233, .2456, 

"Z"ZI.'7 "ll.l"Z 'lIt'Il:..,. _JoJ-.. I .. """rO'J, .""" .... , 
.3347, .2443, .2957, 
.1855, .1668, .1909, 
.1683, .0867, .1318, 
.2257, .2408, .2691, 

205 

1993, 1994, 1995, 1996, FBAR 94-96 

.0093, .0.199, .0080, .0242, .0174, 
n?<, ,~~" .50e1, noo~ .,,.'2"% 
.~~--, .. ----,r ._~ 1_, ............... , 
.1955, .2705, .1818, .3183, .2569, 
.2296, .0933, .1361, .0795, .1030, 
.1530, .0774, .0596, .1011, .0794, 
.1255, .0632, .. 0654, .0428, .0571, 
.0890, .13331 .om, .0585, .0899, 
.1689, .1168, .1291, .1002, .1154, 
.2126, .1758, .1349, 1n~c .1382, - ._-., 
.3800, .2109, .1518, .1749, .1792, 
.3528, .2020, .3343, . ~~~, .2380, 

""Ir ... " .." ... , '7'7"7" .3318, .4.lc;.I;iI, • ,"to,,, , .~~,g, .'4>';;;1", 
.2526, .2424, .3376, .4154, 
.2032, .1553, .1924, .1520, 
.1274, .1265, .2085, .. 1304, 
.2734, .1896, .2175, .1944, 



Table 7.7.3 Final VPA results - Stock number at aOA 
--g-

Run title : S. horse mackerel (run: XSAABM15/X1S) 

At 15-Sep-97 19:08:18 

Terminal Fs derived using XSA (With' F shrinkage) 

Table 10 
YEAR, 

AGE 

Stock n~~r at age (start of year) 
1985, 1986, 

0, 1679994, 2635210, 
I, 898322, 1080734, 
2, 463549, 497202, 
3, 1703043, 32Q227, 
4, 250369, 1391742, 
5, 181417, 191191, 
0, 112717, i42542, 
7, 57098, 90452, 
8, 41787, 42314, 
9, 47145, 32273, 

ID, 29732, 34761, 
11, 12173, 21310, 

+gp, 36170, 46947, 
iOiAL, 5513514, 6526905, 

Table 10 
YEAR, 

Stock number at age (start of year) Numbers*10**~3 

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

10, 
11, 

+gp, 
TOTAL, 

1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, ,1997, 

1415489, 1008373, 1152383, 1079896, 2543031, 1801251, 
1563957329056,' 1168856, 754776, 766853, 884851, 2159317, 

887011, 754577, 502459, 507695, 697079, 
337955, 303002, 6f5:U:S', 584122, :338923, 3ro~9. 
215596, 229369, 224276, 494471, 446826, 269~42:, 

1084179, 158857, 176454, 158373, 39226.1, 353198, 
138968, 857996, 11771l4, 128242, 123040, 311016, 
110060, 99363, 652299, 80120, 99445, 92958, 
55266, 85002, 69554, 512587, 56980, 72068, 
25213, 42890, 62336, 49375, 370018, 37958, 
21567, 18,1i5O, 27380, 39837', 33718, 258637. 
22314, 16395, 9115, 13192, 282Q1, 21005, 
61838, 49252, 39051, 43073, 50421,' 51895, 

5721050, 4924545, 4715280, 4452602, 5875405, 6496315, 
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1245121, 516726, 472341, 1726088, 0 
1508018, 1061741, 435997, 403290,1451865: 
1593952, 1203960, 808694, 225768, 315990, 
500007, 1128267, 790642, 580331; 142767, 
270839 I 342055, 8AJ..t:.'7.:0, 593908, 465629, 
211703, 200042, 272493, 717334, 461233, 
282377, 160729, 161626, 219696, 591801, 
244525, 222345, 121074, 128689, 178427, 
66866, 177754, 170277, 91584, 100342, 
51468, 46530, 128329, 128068, 71125, 
21078, 30296; 32434, 94902, 92684, 
1741~S, 12749, 21305, 19984,· 68494, 
27215, 68671, 81353, 74720,: 53828, 

6197308, 5171866, 4381197, 5004362,3994184, 

GMST 

13693 
11305 
6998 
5240 
34Hl 
2506 
1862 
1309 
824 
528 
346 
207 



Table 7.7.4 Final VPA results 

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

At 15-Sep-97 19:08:18 

Table 16 Sunnary (without SOP -cor-rection) 

Terminal Fs derived uSlng XSA (With F shrinkage) 

RECiWiiS, TOTALBI0, fOfSPSIO, LANDINGS, YIEL.D/SSB, FBAR 1 ~11, FBAR 0- 3, FBAR 7-11, 
Age 0 

1985, 1679994, 303460, 130722, 43530, .3330, .1750. .2511, .1861, 
1986, 2635209, 342969, 186023, 71490, .3843, .2778, .3311, .3288, 
1987, 1415490, 362376, 208957, 54650, .2615, .1~, .2993, .1229, 
1988, 1008373. 358008. 211803, 56390, .2662, ~2278 .. ~ 1752 ... '7,;11A -_ .. _, 
1989, 1152383, 348933; 208948, 56396, .2699, .2434, .1955, .3102, 
i990, i079896, 352916, 222216, 49201', .2214, .1855, .1683, .2257, 
1991. 2543030, 350822, 226418, 45511, o:tn1n 4""0 no.£'7 "'10.1 ..... 

.60 ....... ' • • ........wo, .u ....... , oc;."UQ, 

1992, 1801250, 391205, 220131, 50956, .2315, • 1909, .1318, .2691, 
1993, 1245121, 410107, 208733, 51:428, .• 2751, .2032, • 1274, .2734, 
1994, 516727. 393666, 195538. 52588, .2689. • 1553, .1265, • 1896, 
1995, 472341, 401838, . 23ml, 52681, .2216, .1924,. .2085, .2175 , 
1996, 1726089, 386716. 264600, 44690, .1689, .1520, .1304, .1944, 

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

Units, (Thousands) , CTon".es), (Tonnes), (Tonnes) , 

207 



Table 7.9.1 Input data for the predictions 

I 

Southern horse mackerel (Divisions VllIc and IXa) 

Single option prediction: input data 

Year: 1997 

I Stock I Natural T MaturitvlProp.of FTprop.of M,I Weight T Exploit.'1 Weight 
Age I size lmortalityl ogive Ibef".Spaw.lbef.spaw.I in stock I pattern I in catch I 

o I 1369~oool 0.15001 o~ooool o .. 2,(!01 o~25ool 0.0001 0.0174 1 0.0191 
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 

I; 
I 8 

9 
10 
11 

',12+ 

. Unlt 

Age 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
i2+ 

unH 

591.o2!011 
178,427 
1003421 
71.125 
92.684 
68.494 
53.828 

MiLllori~ 

Recruit-
ment 

1369.000 

Millions 

0.1500 
0.1500 
0.1500 
0.1500 

. 

Natural 
mortal ity 

0.1500 
0.1500 1 
n 11:nl"l 

ii: ;;001 
0.1500 
0.1500 
0.1500 
0.1500 
0.1500 

0.150°1 

. 1 

· 0.9800 
0.9900 
1.0000 
1.0000 

· 

Maturity 
ogive 

0.0000 
0.00001 
n "'Inn 

0:27001 
0.6300 
0.8100 
0.9000 
0.9500 
0.9700 
0.980°1 
0.9900 
1.0000 I 
1.0000 

· 

0.250°1 

~'~~~~I · 0.2500 0.2500 
0.2500 0.2500 
0.2500 0.2500 
0.2500 0.2500 

· . 

Yean 1998 

Prop. of F 
bef.spaw. 

0.2500 

~'~~~~I 
.... ';;1"" ... ' 0.2500 
0.2500 
0.2500 
0.2500 
0.2500 
0.2500 
0.25001 
0.2500 
0. 2500 1 
0.2500 

Prop. of M 
bef.spaw. 

0.2500 

~'~~~~I .... ''''' ... ul 
0.2500 
0.2500 
0.2500 
0.2500 
0.2500 
0.2500 
0.250°1 
0.2500 
0.2500! 
0. 2500 1 

0;240 
0.269 
0.304 
0.318 

II"~I ... " .. ",....,. 

Weight 
in stock 

0.000 

~'~~~I 
uou:;J;oJ1 
0.075 
0.105 
0.127 
0.154 
0.176 
0.213 
0.24°1 
0.269 
0. 304 1 
0.318 

· . lKi lograms 

Year: 1999 

. 
0.1792 0.225 
0.2380 0.255 
0.3318 0.272 
0.3318 , 0.335 

. ..... 1 __ ..... -
, .... ~ ... l:f' .... '~I 

Exploit. Weight 
pattern in catch 

0.0174 0.019 
~,~~~~I ~·~~~I 
u.,.:::;JOY, 
O.1D30 

UoU;:)'" 1 
0.081 

0.0794 0.110 
0.0571 0.146 
0.0899 0.174 
0.1154 0.195 
0.1382 0.213 

0.3318 0.335 

. 1(1 lograms 

I 

Aoe 
Recruit-II Natural 11 MaturitYI'prop.of FI'prop.of MI' 

ment mortaL;tv ~~;v~ hPf ~M~W ~~f ~~w -_ ......... -... --- ~-r--'" 

.. .. I . _ I 
welg~t 1 EXPLolt'l 

in ~~nr~ n~~TA~" ... ----.~ .-- .. _ ... 
. 1 

Welght I 
'" ..... T ... I;, .. , _ ......... -

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12+ 

1369.000 

. 
I . 

Uni< Mlttionsl 

.. 
0.1500 
0.1500 
0.1500 
0.1500 
G. 15OOI 
0.1500 
~.1~00 1 
U.l!:i1J1J 
0.1500 
0.1500 
0.1500 
0.1500 
0.1500 

Notes: Run name : MF2 

- .. - --

0.0000 
0.0000 
0.0400 
0.2700 
0.63001 
0.8100 
0.90001 
0.9500 
0.9700 
0.9800 
0.9900 
1.0000 
1.0000, 

Date and time: 16SEP97:11:35 

0.2500 
0.2500 
0.2500 
0.2500 
0. 2500 1 
0.2500 
0.25001 
0.2500 
0.2500 
0.2500 
0.2500 
0.2500 
0.2500, 

0.2500 0.000 
0.2500 0.032 
0.2500 0.055 
0.2500 0.075 
0.250°1 0.i051 
0.2500 0.127 
0.25001 0.1541 
0.2500 0.176 
0.2500 0.213 
0.2500 0.240 
0.2500 0.269 
0.2500 0.304 
0.2500

1 
0.318

1 
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0.0174 0.019 
0.2433 0.033 
0.2569 0.054 
0.1030 0.081 
0. 0794 1 0. 1WI 
0.0571 0.146 
0.08991 0.1741 
0.1154 0.195 
0.1382 0.213 
0.1792 0.225 
0.2380 0.255 
0.3318 0.272 
0_3318

1 

0.335
1 



Table 7.9.2 Prediction with managent option table 

I 

Southern horse macker~l (Oivisicr~ V!IIc and IXa) 
The SAS System 

Table 7.9.2a prediction with management option table 

Year.: J997 

F 
Factor 

1.0000 

· 

-
· 
· · · · 
· I 

0.1666 

· · · 

· 
· · · · · 
· I 

Notes: Run name 

lama 

405869 

· · · 
: I 
·1 

· · · · · · 
T ..... ~ I 

lcmass 

273379 

· 
· 

• i . 

· · · · 
Tonnes I 

: MANMFB02 

wel5! __ t 

. ·52898 

· · · 

· · · · · 
Tonnes I 

: 15SEP97:23:OS 

F t ac or 

0.0000 
0.1000 
0.2000 
0.3000 - ,---u.ltUUUI 
0_5000 

0:60001 
0.7000 
0.8000 
0.9000 
1.0000 
1.1000 

i:i~ggl 
1.40001 
i.Soon 
1.6000 
1.7000 
1.8000 
1.9000 
2.0000 

. I 

Year: 1998 

0;0000 
0.0167 
0.0333 
0.0500 - - - --u.O_1 
g:~~1 
0.1166 
0.1333 
0.1499 
0.1666 
0.1832 

g:~;:1 
0.23321 
0.2498 
0.2665 
0.2832 
0,2998 
0.3165 
0.3331 

. I 

_lorr.aSS 

409161 

· · 
· 
'1 
: I 

: I ., 
· · · · · 

"' fonnes I 
Date and time 
computation of ref. 
Basis for 1997 

F: Simple mean, age 1 
: F factors 

• 11 

The SAS System 
Southern horse mack_erel (Divisions VUle and IXa) 

Table 7.9.2b prediction with management option table 

F 
Factor 

1.4339 

· 

Year' 1997 . 
Reference 

F 

0.2388 

· 
· 
· 

Stock 
biomass 

405869 

Tonnes 

: 1 

·1 

·1 

'1 · · 

sp.stock 
biomass 

269363 

Tonnes 

: 1 

·1 

·1 

'1 · 
· 

Notes: Run name MANMFB02· 

Catch in 
. weight 

73000 

·1 

·1 
· 

Tonnes 

Date and time 15SEP97:23:08 

Year' 1998 . 
F Reference 

Factor 

0.0000 
Q.1000 
0.20001 

~'~~~~I u ... uuv 

0.5000 
0.6000 . 
0.7000 
0.8000 
0.9000 

1'~~~~1 
l.lU ........ 

1.2000 
1.3000 
1.4000 
1.5000 
1.6000 
1.7000 

2.0000 

. 

F 

0.0000 
o n1':'..,. 

0:03331 
~'~~991 u.ucoo 
0.0833 
0.0999 
0.1166 
0.1333 
0.1499 

~'1~~1 
.... la.;;IG. 

0.1999 
0.2165 
0.2332 
0.2498 
0.2665 
0.2832 

~·i~~;1 . 
0.3331 

-

Stock 
biomass 

386568 

Tonnes 

: 1 

·1 

'1 , 

· 

Computation of ref. F Simple mean; age 1 • 11 
Basis for 1997 TAC constraints 
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20:33 Monday, September 15, 1991 

... lcmaSS 

• 273907 
272897 
271892 
270893 
269898

1 i=' 266944 
265968 
264998 
264033 
263072 
2621161 
261165 
2602181 
259277 
258339 
257407 
256479 
255555 
254636 

I 
TOMes 

I 
1 

. Year': 

';reI;,,: 
1nl ,-Stack 

IotlOiflCiS5 

0 
6411 

12694 
18852 
248891 'T",an'7 

366101 
42299 
47878 
53349 
58n5 
63978 
~A. ~. 

OY' ... ·I 74206 
791751 
84050 
SS834 
93529 
98137 

102659 
107099

1 
TOMes J 

475080 
467786 
460644 
453649 

~~~II 
433514 
427074 
420765 
414584 
408527 
402591 
390((41 

~~~~11 
380007 
374638 
369373 
364211 
359150 
~IIjjL""7 .- "··1 

TOMes I 

1999 I 
Sp.stockl 
biamass 

306485 
300830 
295312 
289925 

~~~;II 
27451! 
269622 
264839 
260166 
255600 
251139 
246779

1 
iii~~1 
234276 
230292 
226397 
222586 
218858 
~"J::.~11 ......... '1 

Tomes 1 

20:33 Monday, September 15, 1997 

Sp.stocK 
biomass 

259408 
~rQJ~ c. ... ~, ... 

2573361 

~~~I 
254761 
253845 
252934 
252027 
251125 

~~~!I 
,",+.,.~.;t.;t 

248443 
247558 
246677 
245801 
244928 

·244060 
243i961 
242336 ------

241480 

Tonnes 

Catch in 
weight 

0 
59S9 

118601 
!!~~~I 
l!lC::cU 
28795 
34223 
39546 
44767 
49889 

~:~~!I 
JI'J'Qtt.) 

64680 
69426 
74084 
78655 
83141 
87545 

~~~I -

100280 

Tonnes 

Year· 1999 

Stock 
biomass 

451621 
444788 
4380961 
4~!54~1 
4~)1l f 
418825 
412660 
406620 
400700 
394899 

~~?~~~I 
.)0,)01+1 

378178 
372823 
367573 
362426 
357379 
352429 
3475761 
34~R.1;:' - --_.-
338147 

Tonnes 

Sp.stoc:k 
biomass 

289895 
284629 
2794881 

m~~rl 
264774 
260095 
255524 
251056 
246690 

~~~~I 
234172 
230184 
226283 
222468 
218736 
215085 
2115i21 
7n~n1':; ---- .-
204593 

Tonnes 



Tab!e 7.9.2c 

The SAS System 20:33 Mo~y, ,S~ptember 15, 1997 

Single option prediction: Detafled tables 

Year: 1997 F-factor: 1_0000 Reference F: 0.1666 -I 1 January I Spawning time I 

'" 

0 , 0.0174 21934 421 1369000 
1 0.2433 292052 9579 1451865 

'2 0~2569 66692 3601 315990 
3 0.1030 12992 1055 142767 , n ,...,..,/. '1!"zn'Z'7 'Z.t..J. .. I.Lr:L~ 
~ 

ii:ii571I 237881 3t.~r81 '4612331 5 
6 ~·~~~I ~~~~I ~~~!I 5~!8~!1 
7 U.-1-l!)lt USUC) ~)c:, 1 {542f 

,,8 0.1382 '12Q48 2561 100342 
9 ,0.1792 10860 2448 71125 

10, 0.2380 18283 4662 92684 
11 ,0.3318 18034 4902 68494 
12+ 0.3318 14173 4747 53828 

1

1 sp:stQCIc:II s~.stockll, sp:stockli Si?'.sto~kll 
Slze blomaSS Slze blomaSS 

0 0 
46460 0 
,17379 12640 
10708 38547 
I_Gon. ~'ZlL 

585nl 3735991 
~11~!:1 53~~~11 
ji14Wo lb'i~U6 

21373 97332 
17070 69703 
24,932 91757 
20822 68494 
17117 53828 

0 0 
0 0 

695 11417 
2891 36184 

"' ... a .... 4'Io""'O"V\L 
,;jI ... au'l 
47447 

"g'7.,.QI 

0 
0 

628 
2714 

..."' .... or: ''''!"IU"l1 
45053 

~t~1 
19290 
15407 
22401 
18459 
15175 

I I 
I uu~1 _I 

Total 
" __ I H_I ___ I 

820241 
29833 
20732 
16729 
24683 
20822 
171171 

354748 
5016161 
158624 
90566 
64196 
83275 
60721 
4mo

l 
I I '

59250
1 

52543
1 

53~1851 405869
1 

Unit 

Year: i~8 Reterence F: O.i666 I 
I AbSo Lute r Catch,' 'j n I catch i nl Stock' I Stock I 

Age 

0 
1 
2 
3 
4 
5 

7 
8 
9 

10 
11' 
12+1 

Total 

F 

0.0174 
0_2433 
0.2569 

~:~~I 
0. 0571 1 
0.0899 
0.1154 
0.1382 
0.1792 
0.2380 
0.3318 
0.3318 1 

Un; t '. 

nLlllbers 

21934 
232936 
206784 

47189 
16430 
11485 
10095 
16556 
198931 

6593711 

weight size biomass 

421 1369000 0 
7640 1157984 37055 

11166 979757 53887 
1S::;I:O.l. "1n'tS::;A 1<777 

'8671 ,;08541 ;;6401 

~~!I ~~!~~I !~1~1 
J'1.J7 .;11' .. 7 ..... .I"'+~ 

9202 465574 81941 
3493 136836 29146 
2589 75218 18052 
2574 51174 13766 
4500 ' '62878 19115 
~I 75555

1 240261 

586701 54403201 4091611 

Year: 1999 F-factor: 1.0000 Reference F: 0.1666 I; 
AbsoluU Catch in 

Age F , nlinbers 

0 0.0174 21934 
,I 0,2433 232936 
2 0.2569 164928 
3 ~·!~?I :~~~~I 4 U.Ul:Y,+ I 1;;107 

5' 0.0571 4545 
'6, 0,0899 24053 

.7 0.1154 29898 
8 0.,138. 42870 
9 0.1792 15662 

10 0.2380 10676 

j 
. 

Total 650100 

Caten in 
weight 

421 
7640 
8906 

~~~I 
," f 

665 
4180 
5830 
9114 
3530 
2722 
2485

1 7541 

59131 

StOCK 
size.; 

1369000 ' 
1157984 
781438 

~~!~~I 
IC.:Jo"~O 

,88130 
300933 
294979 
357048 
102573 
54119 
34717

1 85506 
'" 

5441999 

Stock- I 
biomass 

0 
37055 ' 
42979 

~~?1~1 
I '-I::JU 

11193 • 
46344 " 
51916 
76051 ' 
24618 
,14558 
;105541 
271'91 -

408527 

1!S01372I 

I 
January I 

Spos:tocl<l sP.stockl 
size biomass 

0 0 
0 0 

39190 2155 
-..;:;,707 ,,-.,Ion 
698381 73331 

~~~I ~~~~~I 
~Jr ... ..;r7 ~17g7 

442295 77844 
132730 28272 
73713 17691 
50~ 13628 
62878 19115 
75555

1 240261 

16409631 2843731 

January 

Sp.stocic: 
size 

0 
0 

31258 

~?:~!~~ I 
IU",YU':: 

71385 
270840 
280230 
346337 
100522 
53578 
347171 
85506 

1553377 

Sp.stoCK. 
biomass 

0 
0 

1719 

~~~~~I 
JUOU;' 

9066 
41709 
49320 
73770 
24125 
14412 
105541 
27191 -

275880 

Uni,t - Thousands Tonnes Thousands Tonnes Thousands Tonnes 

210 

_ _ i 
Spawnl ng tl me I 

sp"stockl ,spostocl<l 
size biomass 

0 0 
0 0 

35400 1947 
.1;."::1:':1:11. .000 
659451 69241 

~~l~~1 ~~!~~I 
~IICI" .. g7~ 

413901 72847 
123504 26306 
67890 16293 
45979 12368 
55743 16946 
66981

1 
21300

1 
15311881 2640331 

Spawning time 

Sp.stOCK. 
si-ze 

0 
0 

28234 
1~~~~~1 

"If Ice 
67783 

255074 
262240 
322261 
92580 
48625 
30778

1 75803 . - ---

1445854 

Tl10usands 

Spostock. 
biomas$ 

0 
0 

1553 

~~~~~I 
IU'U":; 

8608 
39281 
46154 
68642 
22219 
13080 
9356

1 24105 -

255600 

Tonnes 

(cont.) 



Table 7.11.1 Yield per recruit summary table 

'Southern horse mackerel (Divisions Vlllc and IXa) 
The SA.S System 

Yield per 'recruit: SLmnar.y tabl~~,,,,, 

January 

I' -' F - l-R~ference --
1 Factor 1 F 1 

0.0000 
0.1000 
0.2000 
0.3000 
0.4000 

~·~~~~I 
u.ouuul 
0.7000 
0.8000 
0.9000 
1.0000 
1.1000 
1.2000 
i.300ul 

i :~~~~ 1 
1.6000 
1.7000 
1.8000 
1.9000 
2.0000 

0.0000 
0.0167 , 
0.0333 
0.0500 .' 
0.0666 
~·~~~I 
u.u""'" 1 
0.1166 
0.1333 
0.1499 
0.1666 
0.1832 
0.1999 
O.2i65 1 
n_23~' 

0:24981 
0.2665 
0.2832 
0.2998 
0.3165 
0.3331 

0 
133800 
235738 
317618 
385791 
4~40!01 
'+'14658 1 
539338 
579176 
614997 
647424 
676942 
703935 
r~7i61 

~~~~I 
792151 
810276 
827133 
842841 
857503 

0 
22471 
36150 
44795 
50361 
539541 
56239

1 57635 
58414 
58761 
58801 
58624 
58292 
578511 
I:;.'TZ':I:/. 

567661 
56164 
55543 
54913 
54280 
53652 

size 

. 9828273 
8938200 
,8260517 
n16543 
7263946 
68777131 
65419631 
.L ~/ . .Ln.,,,, ... _ ....... "'-, 
5982389 
5745554 
5531366 
5336600 
5158689 

~;?~;I 
4578988 
4460310 
4350094 
4247554 
4152000 

. 1 . 1 Thousands I· Tonnes Thousands 

Nctas: Run-name "iltiMFSOi 
15SEP97:23:21 

biomass 

1390627 
1149989 
978583 
849385 
747994 

492254 
450069 
413258 
380878 
352203 
326664

1 'Tn"ZllInl:. 

2832551 
264712 
247923 
232678 
218796 
206126 

Tonnes 

Date'and time 
Computation of ref-. 
F - O. 1 factor 

F Simple mean, age 1 - l' 
0.4966 

F -max factor 
F-O.1 reference F 
F-max reference F 
Recr'uit:rn:!:rlt 

0.9647 
0.0827 
0.1607 
1369 (Mflll0fisj 
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5167132 1188840 
' 4369586 956353 
3779911 792638 
3319683 670699 
2946808 
26364951 

576165 

~~~~I 
1948170 344293 
1774031 307293 
1619670 275390 
1482014 247660 
1358644 223392 

!~~~~_~I 
;Q565051 

~~~~~I 
I~I~I 
166343 

974006 151369 
898906 137970 
830406 125944 
767815 115124 
710533 105364 

Thousands Tonnes 

20:33 Monday. September 15, 1997 

Spawning time 

4976953 
4189471 
3609367 
3158231 
2793984 
24918561 

~~~;~I 
1825585 
1658025 
1509887 
1378115 
1260306 

1!~:~~~1 
'''';;1':7'''+1 973079 
895009 
824094 
759545 
700686 
646926 

Thousands 

1145084 
915919 
755245 
636095 
54411e 
4709601 

:1!!~~1 
~,c;UD;J 

320565 
285248 
254898 
228601 
205656 

!~~:I 
'Ol':Jul 
152006 
138000 
125497 
114303 
104253 
95209 

Tames 



Table 7.14.1 

S-authern hc-rse mackerel (Divisions VII le and IXa) 
2C~33 Monday, September is. i997 

I 

F status quo 

Year f-
Factor 

IRef~rencel 
I F I 

1997 l.ilooo , 0.1,666 
1998 1.0000 0.1666 
1999 1.0000 0.1666 

Unit . . 
I I 

notes; Run i;.aiT~ 
Date,-and time 
COmPU1:~1:ion of ref. 
Pre(H~_t'ion 'basis 

I 

Single option predictfon: SU/lDar)' table 

Catch' inl :Ca·tch- inl 
nunbers I ·weight I 

589280 52843 
659371 58670 
650100 59131 

Th'Qusands : -.T:~r,nes 
I 

: MF2 
15SEP97:23:02 

.,' 

Stock _ 
size 

5363,185 
5440320 
5441999 

Thousands 

F: Simple mean, age 1 ~ 11 
F factors 

I 

Stock 
biomass 

405869 
409161 
408527 

Tonnes 
I 

SP.stockl So. stock I 
size I b·iomass I 
18013n 293IT4 
1640963 284373 
15533IT 275880 

Thousands Toml!!!s 
I , 

Single' option prec:ti.ction: Sl.ItIRary table 

Spawning time I 
so.stocKI so.stocKI' 

Si i ze I bi-omass I' 
1686063 273379 

'1531188 264033 
1445854 255600 

Thousands Tol'ine$ , , 

F corresponding to constant TAC 
1 January 

Stock Sp.stock 
biomass, size 

Sp.stocK Sp.stock 
biomass size 

Sp.stock 
biomass 

. 

269348 1
1 : 

'l. .... ,..10 
405869.1

1 
i80i3£<11 

~~RI. 1 c;:"" "z;,n7 
293({41

1 i66532ill 
'AO' .... ':;: 1~n~c;: 

;997 
'OOR . " ... .. _._- -. __ .- _ .. _ ... ._--- -- -- '-
1999 1.4290 0.2380 828965 73000 5108635 

Unit . . Thcusands TOMes Thousands 

Notes: RUl name HF2 
15SEP97:23:02 Date and time 

C~~tatiQn Qf ref. F: Simple mean, age 1 11 
Prediction basis TAC constraints 

--- ._- ._- ._-- -_._-- ... _._- __ T __ " 

368641 1399535 248404 1284656 :226647 

Tonnes Thousands Tonnes Thousands Tonnes 

Single option prediction: Summary table 

F corresponding to TAC 1996 
January I 
,I 

Spawning time I 
. . ,I 

'(ear F liRefer,enceli Catch inll catch inl' 
F~~tor "l~hA~~ UA;ft"~ 

$P~stoc~1 s~.stoc~1 
~~~A h,~~~ 

sp:stoCKI s~.stockl 
~'"7A h,l"iI"re!I~~ . -- -_. .. _. __ .-

~-.<> ..• _._- -' _ .•. _-- -...... _._ .. _-- _._- _._ .. _--
1997 1.4356 0.2391 812289 73001 5363185 405869 1801372 293IT4 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 

_. - _. - _. - _. -I unit I lonnes Tonnes I Tnousanasl Tonnes 

Notes: Run name : MF2 
Oate and time 16SEP97:11:35 
Computation of ref. F Simple mean, age 1 • 11 
Prediction basis F factors 
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Table 7.14.1 (cont.) 

Southern horse mackerel (Divisions VIIlc and IXa) 

1 

, 

F med 

Year 1 F IRefe~ence 
Factor F 

1997 1. 1512 0.1917 
1998 1. 1512 0.1917 
1999 1.1512 0.1917 

Unit - -, , 
Notes: Run name 

Date and time 
Computation of ref. 
Prediction basis 

Fmax 

Year F Reference 
Factor F 

I 

1997 
1998 
1999 

0.9647 
0'9647'1 
0.96471 

0.1607 
0.16071 
0. 16071 

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

Single option prediction: Summary table 

catch inl Catch inl Stock - I 
nunbers weight 

1 
size 1 

668804 60020 5363185 
733695 65036 5367027 
716968 64430 5310473 

Thousands ToMes Thousands 
I I I 

16SEP97:12:02 
F: Simple mean. age 1 • 11 

: F factors 

, January 

Stock. 1 sp~stQCkl sp.stockl 
biamass 

1 
size 

1 
biamass I 

405869 18013n 293774 
401076 1612760 278997 
392890 1493597 265177 

Tonnes Thousands Tonnes 
I I I 

Single option prediction: Summary table 

Catch in Catch in Stock 
nunbers weight size 

570378 51139 5363185 
571041 54577501 
577901 54737391 

MF2 -
16SEP97:11:35 

F Simple mean, age 1 • 11 
F factors 
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I 

Stock 
biomass 

405869 
4110821 
412302

1 

I 
1 January 

Sp.stock 
size 

1801372 

Sp.stock 
biomass 

~tI':!'7"7.l. 
.. ,.. .... "T 

2856491 
278461 1 

10:41 Tuesday, 

Spawning time 

Sp.stock! sp.sto~kl 
size 

1 biamass I 
1678822 271970 
1498002 257689 
1383368 244348 

Thousands Tonnes 
I I 

, 
Spawning time 

Sp.stock 
size 

"LD'7"7L~ ....... .., ... 
15390791 
14609571 

Sp.stock 
bicmass 

... -,,~ ...... 
"~'U.,.. 
2655451 
2583241 

.. ,", 1997 
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Southern horse mackerel (Divisions VIIIc and IXa) 
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8 SARDINE 

8.1 Otolith Workshop 

From the sardine otolith exchange between Spain and Portugal, carried out during 1996, problems were found in 
the interpretation and ageing of otoliths from the youngest sardines and those caught in the middle of the year 
(i.e. June-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 VIIlc. Their strocture is more 
complex, showing several false rings, hyaline rings narrower than those observed in the otoliths of the northern 
areas and also a higher calcification. 

Espa.'iol de Oceanogra.ffa (lED) in Vigo. Spain from 17-21 February 1997 (ICES 1997!H:7). Following the 
recommendations of the 1996 ICES Annual Science Conference (C.Res. 199712:39), this Workshop aimed to: 

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

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

Two samples of otoliths collected in different areas and seasons off the Atlantic-Iberian coasts were analysed by 
nine rea~¥rs of Portugal and Spain. Six readers are invoived in the annual production of Age-Length Keys (ALK) 
for assessment pwvoses. One sample was taken from ta'ie Spanish Spring acoustic sun"eys C3J.l~ed out in 1988 and 
10Q{\ 1n0'2 ITr"CC li:'nh n ........... TV .. Jr..T .......... l. - 'TTTT ... "0 ... ", .. ", .. ri' 'IT .... '''~\ "" ... ...t .. 1.. .............. _ .f;. ...... Pft o<> ..... A ........ '" ,..<>n ... l.t "' ... '""n· ... ·~ t ..... 
J.77V--J..77~ \.L'-'.I.JU u,uv-...... ~.,I,.,.O.,a .I:"'V.L'.U,- ".LL.I,"'_'.&J<.&.3~ '""-IU n"'i3~1 g,uu LU,,", ........ n ... 1. u .......... ,;OU..O. ........ u ..... '" ... U. .... 6'I.L ""'v ........ UI ... 

main fishing area in July (ICES Sub-areas VIIIc West, IXa North, Central North and 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 and 
sample.,: Tr~nds in both within 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 re""ings on the first sample it was found that consistency within readers was in general 
good. Tite agreement among the best readers reached 70%. Considering the best readers, this agreement was 
higher when age 7 and older were excluded from, t..'1e 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 among the experienced readers and it may be concluded that there were no 
differerlces, at least for this exercise, in the ageing criteria and Age Length Keys (ALK) performed in both 
countrie's- were rather similar. 

The second sample was analysed in order to check out the problems of misinterpretation of the general strocture 
of the otoliths caught in the southern peninsular areas, and of the edge of those otoliths caught in the middle of 
the year. This sample 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. 

Tne analysis of the readings on ibis saiIlpie showed that, general agreement between readers was iower than in the 
first one (47%). Unlike to the first sample, there was no significant improvement in the agreement when the less 
experienced readers were excluded from the analysis. The agreement was independent of fish age, except for 
those fish older than 7 years. Nevertheless, 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 CoS. 
Most of the problems consisted of misinterpretation of the hyaline/opaque edge of the otoliths. 
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General trend~. again~t the· modal age for each reader and all age readers for· thi~sample are shown in Figure 
. 8.1.2. There was a general trend to allocate the younger fish (ages-! (e3) into older age group~, whereas the trend 
_ .was inverse for fisb older than 3. 

Both analyses showed a good consistency between readings. It was· also concluded that the readings of the reader 
who is responsible for the age length keys in Spain were the most consistent and that there was a reasonably good 
agreement with those readings performed by-the most experienced Portuguese readers. -

A special effort should be made, in order to clarify the growth pattern and· the allocation of the otoliths of the 
. southern areas into age groups. 

The, Wor:kshop issued several: recornmendations for the improvement of otolith readings: 

1. Regular exchange of otolith samples for the purpose of checking and .improving the precision of all the 
readers involved in sardine age determination in the Thero-Atlantic area; 

2. Monitor annulus deposition patterns along the entire Thero-Atlantic area throughout each year. There are three 
ways to achieve this task: 

b) Resear,h surveys should be carried out simultaneously in the shelf areas to collect otolith material without 
the obscuring effect of sardine migration; 

c) Monthly samples covering all age groups should be collected in the different sub-divisions to monitor the 
montMy progression of u'l~ rr.argiflal increments of the otoliths. Tne exercise aims at determining the exact 
times of-annulus completion in the, entire distributional range of tile stock; 

d) The investigation of the ring deposition patterns should be paralleled by a simultaneous investigation of 
the reproductive biology of the species which quantifies the monthly changes in the spawning activity. 

3. 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. The guide should have 
photographs which explicitly give the various otolith types and the suspected thne 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 Morocco it is recommended to study samples from these countries. 

5. It is strongly -recmmnended ta":iat-the daily ring counting technique is empioyed to validate the ·annuli of at ieast 
dIe -r..rst few age groups. The study ¥-till also help to discnmiiiate between false rings and true annuli. Tnis 
study is essential for an accurate age determination which will aid accurate stock assessment methods. It also 
should be a useful tool to quantify individual growth rate variation in juveniles and to estimate the time of 
annulus deposition accurately, following the South African example (Kerstan, 1995). 

The proposed recommendations necessitate continuous sampling and monitoring which requires a dedicated 
project. 

The Workshop also adopted a protocol with the criteria for the standardisation of sardine age determination and 
for improvement of age estimations (ICES 19971H:7). It is also planned that this protocol will be complemented 
with a future guide that will assist the otolith readers. 

The Flshery in 1996 

. Landings from Sub-Areas N,VII, vrn, and IX. were reported by Denmark, 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 annual landings of sardine by Sub-area (N -IX) and Division in 1981-1996" There was a 
decreasing trend from 198.1 to 1991. In 1994 the landings increased to about 163 thousand tonnes and in 1996 
they decreased to 130 thousand tonnes. 
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In Sub,-Areavn'thesardine catches increased from 1,100 tonnes in 1990 to about 17 thousand tonnes in 1995, 
c ,decreasing to about 10,000 tonnes in 1996. In Sub,-Area Vlli" 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 and 91 thousand tonnes in 1996. 

Table 8.2.3 gives the catch by country for the period 1976 to 1996 from the unit stock area (DivisionsVIllc and 
IXa). Since 1984 the Spanish landings show a sharp decrease from about 108 thousand tonnes to 26 thousand 

I, tonnes;in·1996. TbePortuguese .Jandings'have oscillated between 112 thousand'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 
POlTdg-ueSe catch decreased by aroui1.d 2,061 t and tt'1e Spanish by 7,900 t, mainly in Division IXa. As in previous 
yea.."'S. about 97% of t.~e total catch in~-t.l:le-stock in. 1996',was taken by't .. 'le pUrse seine fleets from 'Spain 'and 
POW.lgal (Table 8.2.4). About 74% of t~e total catch of the stock in 1996 comes from catches Inade by t.l:le 
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 8.2.1. After a period of near
stable, catches of around 2oo,000.t during the period 198~1985, 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 
DivisionsVIllcand IXa are shown in Figure 8.22. Tbe, trend in the catches of both Portugal and Spain are quite 
similar. Nevertheless, after a period 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 (VIDe and IXa) in i96();....i996. FroIilthis Figure it 
can be concluded t.1.at 't11.e above--rnentibned-decreasing-trend in u"c Spanish landings'are due to'a decrease in 
la.."1dings in Division IXa, as in Division VIIlc t.1.ey were quite stable in t.l-...at period. 

During 1996 the seasonal pattern of.Iandings by the two countries was the Same as reported in previous years 
with about 61 % of the annual catches being landed in the second half of the year (Table 8.2.4). 

8.3 Distribution of the Sardine Fishery 

Table 8.3.1 shows the total nominal catches of sardine by quarters and areas in Divisions VIIIc andIXain 1996. 
The distribution of catches in 1996 by quarter and area in Divisions VIIIc and IXa was similar to that in recent 
years, with about 59% of the total catches from Sub-Division'IXa Central North and Central South (Table 8.3.1). 
As in previous years, the catches in Division VIIIc Easl'were the'lowest. 

Sardine monthly_catches in the Gulf of Cadiz; (Division'IXa. ,South ui Spain) dUring 1978-1996 are presented in 
Table 8..3.2.- The:r.iga':iest catches occurred in '1987 (8,870 t) and l1';.e lowest in 1981 (2,384'1). The 1996 catches in 
this area were close to 1986 and 1990, catch ,level.· PracticallyalJ the' catches Game from purse-seineeS (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 (tonnes/fishing day) 
for four different purse seine fleets, from Spain and Portugal. 

The fishing effort of ,the Portuguese pUrse seine fleet ,remained at the same level during the lastthree'yearsand 
the CPUE shows a slight decrease. 

8.5 Fishery-Independent lniormanon 

Considering the sharp" decrease of sardine' stock abundance which has occurred in the last years, . it was 
recommended by this Working Group that'the spawning biomass of this 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 (Anon. '1997). ThiS'SurVeyoccllrred 
simultaneously with acoustic surveys for the estimation of sardine stock abundance. 
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Fo,ur different ships were, involved: the Spanish RN "Cornide de Saavedra" (ichthyoplankton) and RN 
'Thalassa"(acoustics)and the Portuguese R/V "Capric6rnio" (ichthyoplankton) and RN ''Noruega'' (acoustics). 
IP~ '(POItugal) ,surveyed' the Gulf of Cadiz and the' Portuguese coast and lEO' (Spain) covered the NW-N 
coast of the Iberian' Peninsula and, the Gulf of Biscay (up to 45°N); The sampling of adult sardine was undertaken 
during the acoustic surveys. 

8.5.1 Acoustic Surveys 

The joint acoustic survey (Anon. 1997) covered the whole distribution area of the Atlantic Iberian sardine stock. 
Main goals were to determine the geographic distribution of sardfue and, to investigate its behaviour and to 
estiInare- L~e sardine_, -ah"undance (in numbers --and biomass) by leng-Ji class and age group; Besides, in order to 
obtain the parameters needed for- t.':le application of Daily Egg Production !vfeta'lod (DEPlvl), to under-take 
-biological sampling ofsar<ii.TJ.e. 

The survey strategy and the methodology followed were those adopted by the "Planning Group for Acoustic 
Surveys in ICES Sub-areas VIII and IX" (ICES 19971H:1). 

RN 'Thalassa" surveyed the northern area (Division Vllk and Sub-Division IXa-North) from 11 to 31 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 "Thai ass,," also surveyed the southern area of the' French 
continental shelf. 

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

The sardine abundance estirraated by age classes are presented in Table 8.5;1. Figure 8.5.3 shows the age 
distribution fu percentage of the modal value of each area of sardine by geographical area, country and stock. 

The sardine ahundance estimated for the Spanish coast was lower than that estimated fu 1996. There was an 
abundanceincrease in East Cantabric(more than 70%) and a decrease fu biomass in all the other Spalli<h areas i.ll 
,relation to the results of ,the March 1996 survey. Age 2 was' about 50% in number in East Cantabric. In West 
Cantabric age 4,and in South Galicia age 1 were the most abundant. 

As in previotis years the bulk of this population is located in the Portuguese waters with 78% of the estimated 
total stock biomass. A general increase was observed in the estimated biomass in relation to previous surveys 
undertaken in this area fu February and June 1996. The most important increase was observed in the Northern 

. Westcoast, which was more. than six times than that estirnated·in'February 1996. The highest percentage of age I 
fish in ~.elation to th,e. total filim~etof individuals,wd.S:iocated in the Northern West coast (61 %) and Cadiz (50%). 
On the ot.'ler ha..i1d, in Alganre only 4% of the individuals were age 1 fish. TIle estimated abundance of age group 
1 in this survey was much higber (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 abundance of sardfues(age groups I and 11) both in Cadiz and in the East Ca.lltabria.n Sea and t.I,e 
similar age composition of sardine fu this area and in the coast of France, may indicate the existence of 
preferential areas of distribution of sardines, at least in relative terms, of which there is no previous notice. This 
can be due to a change in the area of distribution of adults. 

The acoustic surveys results continue to indicate a decrease in the abundance of this stock since 1991 in the 
northern part of the distribution area. These results also point to changes in the sardine distribution and 
,behaviour. Sardine .distributed- very near the coast in weU separated schools and not so expanded as it was when 
the stock was more abundant.-Eggs showed the same coastai distribution pattern (Figure 8.5.4). 

It is necessary to intensify the study of this resource fu the French coast and in the Gulf of Cadiz and also to 
sample these areas in futore surveys in order to understand the population dynamics of sardine. 

8.5.2 Daily Egg Production Method (DEPM) surveys 

The assessment of this stock applying the Daily Egg Production Method (DEPM) was undertaken during the 
peak of the sardine spawning which occurs predominantly from November to March! April in Portuguese waters 
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(Pestana" 1989; Re et'al., 1990) and in the Cantabriansea between October and July with the highest intensity in 
April-May (Perez et al., 1985 ; Sola et aI., 1990). Two egg surveys were carried out by Portugal and Spain 
covering all the spawning area from Gibraltar to Arcachon(45°N) (Anon. 1997). Sardines were sampled in' the 
simultaneous acoustic surveys for, the estimation of spawning parameters. Sea temperature and salinity, were 
obtained by means of CID and the observations were recorded. 

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

The 199T,DEPM slllYeywas conducted in Portuguese waters, from the 1'-25 March and in the 'Spanish' and 
Fren~h w~ers from 4. I' .. 1arch to 2: April. In- the Portuguese: stu~.rey 373 pla.ilion sa..."llpling -stations ~itb 'CalVET 
~et, sp~d 7x75 nm apa..~,were, undertaken. In t.lte Spanish: su.. .... ley a total of 655 pla. ... .kton sampling. stations (3 
nautical wiles distance between stations) over transects equally spaced 15 nautical ]!liles apa.rt a.'1d pe~ndicu!ar 
to the coast were accomplished. When the sardine eggs started to appear in the Cantabrian sea the grid of 
sarnplingstations wa$ increased with,an,extratransect of7x75 nautical miles. The eggs were collected using a 
150 J.UtI mesh CalVET net vertically operating in 150 m depth or 5 m above the bottom in the shallow waters. 

In the Portuguese area no sardine eggs: were found 'in the region North of Oportc>. Sardine, eggs, started to appear 
'south of Oportu although in low concentrations. There were two interruptions to the continuity of the distribution 
of eggson the continental coast of Portugal. One was found off the region of Nazare and the other in front of the 
mouth of the Tejo River (Lisbon). South of this area to the Strait of Gibraltar sardine eggs' were distributed 
almost continuously over the continental shelf. The heaviest concentration was localised at the Cape S. Vicente 
(Figure8:S.4). ' 

Tue egg distribution found in this area agrees well with the acluit distribution observed during the acoustic 
_ •• _._ •• _ ,.-r,~;...._-__ 0 ~..." __ ..1 0 t:. ..1\ 
~w'vcy,~ \.ru!::.wli::'llo O.J.,",.d1L1U O.J.-t}. 

The spawning area for sardine in Spanish waters in 1997 has been reduced almost exclusively to the coastal 
regions; wberethe major concentrations: of eggs are found. There are two centres of major egg concentration on 
the:coastcof Asturias (110 eggs/0.05 m2 ) and the Basque Country (248 egglO.05rn2) (Figure 8:5.4). This 
reproductive behavioUr contrasts ,with 'that observed in previous years (1988 and 1990), during which the 
spawning area was considerably more extensive, reaching 'oceanic waters, but with considerably lower abundance 
values: 80/0.05 rn2 (Perez et al., 1989) and 30/0.05 m2 (Garcia et al., 1991) (Anon. 1997, Cunba et aI., 1997). 

Duting the :March 1997 -acoustic survey , sardine was sampled in order to estimate the aduit parameters' bY' the 
.DEPivi [wc-Average weight-of mature femaies; F-Batch,'fecundity;,·S-Spawning fraction and R-Sex ratio) (Arion. 
19.97- '"VD). ' 

Adulfiparameters were, estimated by the DEPM in 1988;1991 and 1997 by Spain and Portugal (Anori. '1997). 
Those of 1997 were estimated to be W=69.72 g; F=26.4 (10' eggs); S=O.18 (day-I); R=0.52 in the Spanish area. 
In -·the Pottuguese area some ,of the: estimated parameters are, still provis.ional- as i they are' based on the' resultS of 
theDEPM undertaken in March 1988 (Cunba et aL. 1997 WD). Their'vaIues are W=41.96 'E: F"'15:4' (lO'e2es): 
S=O.13(day'J); R=0.57.' - _. -- ,-

8.6 Length Compositions by Fleet and by Country 

In 1996 the quarterJyand annual catch length compositions by fleet were provided by UK(EngIand and Wales) 
in Division Vlie (Table 8.6.1),Portugaiand Spain in Divisions VIIIc and IXa (Tables '8.6.2 and 8.6.3). Table 
8.6.3 shows the purse-:seine quarterly catch iength composition from Guif:of Cadiz (Spain, IXa-South)~ -

, As:in previous years,the largest fish Were caught in:the northernmost Divisions VIIIc 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 of Divisions VIIIc and IXa (Table 8:10.1). 
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The Portuguese data (catch in nwnber, length composition, age lengthlkey) were collected on a quarterly basis by 
sub-division. The Spanish data were collected on a quarterly basis, using the length composition by quarter and 
the two half year agellength keys. 

The 1996 catches of 0 group fish were notably higher than those in 1995, increasing from 30.5 ntillion to 276.9 
ntiUion fish. The oldest ages (above age group 6) mainly occurred in the catches of Divisitm VIIIc, especially in 
the Eastern part (Table.S.7.1). 

The annual catch in number at age for the period 1977 to 1996 is presented in Table S.IO.1. Age group 4 was 
dominant in the 1996 catches, while age group 3 dominated in 1995, confirming the good recruitment of 1992 
and the. non occurrence of good.recn.i.itments-since that year. 

8.8 Mean Len~.h at Age and:Mean Weight at Age 

The 1996 mean lengths and mean weight at age in the catches by quarter were provided by Spain (Division VIIIc 
East, West and Division IXa North) and Portugal (Division IXa Central-North, Central-South and South) (Tables 
S.S.I andS.IO.I). The mean values were based on Spanish and. Portuguese biological sampling. 

Table 8.10.1 also shows the mean weights at.age in the catch and in the stock for the period 1976-1996. The 
mean weights. at age in the stock have been calculated from commercial sampling during the period December 
1995-January 1996. 

8.9 Maturity at Age 

The matu.lity ogive fOI 1996 (Table 8.10.1) was based on the fOUJ.-l.h and fIrst quart.eI-S data from Portuguese -and 
Spanish biological s3J.'1lplii1.g. From 1,294 fish eXa.&T.ined 1,218 were mature. The percentage of mat-we fish at age 
I increased in the last years (1994-1996). 

8_10 Stock Assessment 

The available data for fitting the assessment model are given in Table 8.10.L As in previous years a value of 
M=0.33 was used for all ages and,a11 the years and the proportion of M and F before spawning was taken to be 
0.25. 

The fishery independent data used in this model comes ·fromthe Spanish Spring surveys (198S"1997) and 
Portuguese Spring acoustic surveys (1986-1997) which are shown in the same Table S.IO.L Moreover, the Gulf 
of Cadiz Spring acoustic index, from i 995 untii i 997 is aiso avaiiabie. 

The model" which was already used and explained in L~e 1995 assessment (ICES 1995fAssess:2), was 
constructed using the usual 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 included in the fit. 
Catch at age observations from ages 0 to 5 in all years were included in the fit, but also observations at 
age 6 from 1989 onwards, on account of a desaggregation of plus group. 
Catch at age observations at other loci in the· matrix were replace<! with arbitrary low values and 
assigned a very small weight in the analysis. 
Acoustic surveys were assumed to provide a proportionate index of stock abundance. 

This model assumes the differential age pattern structure wbich was already described in ICES (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 I for age 1 to all real catch-at-age observations. For ages between 
the last real age in the catch at age matrix, an arbitrary catch value of I million fish was used but was down
weighted by assigning corresponding laa"1lbda values to 0.01. 

In order to cbeck whether if the inclusion of the Gulf of Cadiz acoustic surveys as a new index could improve the 
assessment, apreliiliinary run was performed using the three fleets. The assessment usingthe three fleet indices 
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. g~ye similar results to that perfonned with that made with only the two fleets (Spanish and PortugueSe spring 
surveys). As the fishery information from the Gulf of Cadiz was neither included in the catch at age matrix nor in 
the total landings, the Working Group decided to be consistent with the previous assessments and, 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 8.1 0.10), b) and 
c). Age residuais 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 well 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 ft:omthose of the population; whereas the older age group fitted better. On the contrary; the 
index prediction for t.l:te Portuguese acoustic su..~{eys (index 2), match better for the younger age:-groups~ in spite 
of t-he fact th.at the catchabilities seem to fit worse to t."'Ie linear model than t."lose of t.~e index 1. This pattern in 
the stock numbers and the index predictions agree with the general- knowledge of t.'lis stock, \vhose younger::age 
groups are mainly distributed in the Portuguese waters and 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 catches in the catch-at-age matrix are slightly higher than the true value. As in the last assessment, 

, confidence intervals for both fishing. mortality and exploitation pattern are high and these may be explained for 
the1evel ofresiduals, Nevertheless, results obtained las(year, compared with those estimated by this assessment 
are quite similar and they are shown in Figure 8.102. Trends in the overall population are similar and estimates 
of recruitment are almost the same. Fbar(2-5) series appear to be lower than those estimated the last year but the 
trend is similar. From this assessment, since 1991 Fbar(2.5) varies around 0.5. Estimated SSB follows a decline 
trend since 1985, with. a slight recovery from 1991 to 1993. Estixnated value for i996 is the iowest in the time 
,series . 

. 8.11 Recruitment 

The recruitment index is also shown in Figure 8.10.2. The estimated recruitments at age ° show a decreasing 
trend since 1983 and the series of lower recruitments from 1993 to 1995 seems to be confirmed. Moreover, the 
estimated value for· 1995 is the 10west recruitment in the time· series. Therecruitmens of 1991 and 1992 seem to 

,:be reasonably good and their strength,compared with that of the forthcoming ones, seems to be reflected in'the 
change of the exploitation pattern in the fishery. From Carrera (1997, WD), taking into account the level of 
catches of O-group in Vigo harbour, the predicted recruitment value for 1996, which is around 5 thousand million 
fish;seems to be correct. The: acoustic surveys performed this year in March agree with this value. 

Catch PredictioDS 

As in t.l-te last assessment,' the catch forecasts: 'have been' 'performed for different scenru.-ios. For' short i_term 
predictions two levels of fixed recruitment have been chosen, the historical geometric mean of the last ten year' s 
recruitment as an intermediate value and the geometric mean of the three poorest recruitment in the time .series, 
.as a pessimistic scenario. These yalues.are 4901 and 2004 million fish respectively. 

The input data for the short term deterministic catch forecasts are given in Tables 8.13.1a 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 modified recruitment. value was used as 
starting population on 1st January 1997. Mean catch weights, stock weights and maturityalage over the period 
1991-1996 were used. 

TableS 8.13.2a and b sUfiunarizes the predictions caiTIed out for the period i997-i999. For Fsq, predicted catch at 
_ ~ low lev~l o,frecru-it."D.ent win be ,abou~, 64,000 t.in bota~, 1997 and-.1998., For_a higher recruitme~t, the_ catches 

will be about 67,000 tin 1997 and 77,000 t in 1998.In the fIrst case the spawning Slock biomass.willdecrease 
from 161,000 t in 1996 to 150,000 t at the beginning of 1999, whereas in the second case SSB will increase up to 
237,,000 t onJanuary 1999. 

8.13 Short: Term and Medium-Term Risk Analysis 

. Short-term .and medium-term stock proj~~tion .with variance estimates were computed using ICPROJ version 2.0 
~"d VPRO (Patterson, WD 1995). The analysis was based on, the results of the assessment described in Section 
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8.10. All inputda\lli .. at age were disaggregated up to 11 years old. I:orthcoming recruitments were estimated by 
fitting a Beverton;& HQI! Stock,Recruitffient relationship with autbcorrelated 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 
sources of v~ability in recruitment, especially inpelagic species of short"mediwn life cycle, such as migration 
patterns, oceanographic and climatic conditions,· but for this· stock part of the variability on recruitment levels 
appears to be explained by the variability found in the stock size. In addition, this relationship would give a more 
realistic scenario than the asswnptionof fixed geometric mean recruitment or a fixed low value. Moreover, the 
forthcoming predicted recruitment from this model at F", ranged from 3360 to 2000 millions fish which are 
slightly higher than the geometric mean value of the three poorest recruitment. 

The projections were performed Ua""1der dL,+'ferent scena.,;os of fist-Jug mo~t.ality. In short term, F multipliers: of 
0.001, 0.4, 0.8, 1, 1.4, 1.8 and 2 ef Fsq have been ~"'Tied out over four years. Figure 8.13.2 represents u.\e 
expected me.ma..T1 SSB along t.his tLT!1e series for t.lte different scena..rios. Only forF values lo\ver tha.."1 0.8 of that of 
1997 the expected SSB will increase after four years. Values higher than 0.8 will definitively fall the SSB. The 
same perception is seen when the expected SSB are compared 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 value, which 
is shown in Figure 8.13.3, is higher than 50% for Fvalues higher than 0.7 of that of 1997. 

In mediwn term projections, simulation was performed for 0.4 of. the Fb" and for increasing exploitation level 
from 0.6, 0.8 and 1.. Percentiles of 5; 25, 75 and 95 of total landings, fishing mortality, recruitment and stock size 
for each exploitation level are shown in Figure 8.13.4. Scenarios with a Fbar(2.5) higher than 0.4 times of that of 
1996 gave a low probability of recovery the stock. Trends in landings are similar, with an expected decreasing in 

. landings for exploitation pattern higher than 0.6 of Fbar(2.5) in 1996; 

The Beverton & Holt stock -recnritnlent faLlction relates t.'i.e recruiL.uent to the declining spawning stock biomass . 
. This;·has still uncertainties but probably it is more·realistic t.'la..'l assuming constant recruitment wl-Jch WOuld give 
a different trend in bothStock size and Fishing mortality. Comparing these mediwn 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 mediwn-term predictions should be considered highly uncertain. 

8.14 Long-Term Yield 

Yield per recruit has been performed for 2004 and 4901 million fish as ·recruitment values. Input values are 
shown in Table 8.14.1. Long-term trends in yield per recruit and spawning stock biomass against the average 
fishing mortality (ages 2-5) are given in Table 8.14.2 a,b and Figure 8.14.1a,b. Because recruitment is likely to 
be dependent on stoe}.; size, manageIr~nt considerations should -not be dependent. on yield per .recruit calculation. 
This deterT""..J..,istic projections agree quite well w111'1 the image done by sto_chastic projections made at short- and 
medium-tenn. 

8.1S Comments.on the Assessment 

The principal cause for concern in the assessment of this stock is the declining stock size and the shrinking of the 
, area of distribution. In addition during the last two years there is a change in the exploitation pattern in both 
Portuguese and Spanish fisheries. Historically, the Portuguese fishery was supported mainly by young fish (age 
groups I), 1 and 2) whereas the Spanish fishery was supported by older fish (Porteiro et al., 1986, Anon. 1989, 
Porteiro et aL, 1993,Dias et aL, WO 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 
acoustic surveys cauied out in Spring. This phenomenon could be the· result of a series of low recruitments in 
rece.'lt yea..-rs whereas L1.e lack of older sa..-dines could be also related to a change in tI'1e distribution area. 

Recruitment predictions made using the fitted Beverton & Holt relationship are considered the most. appropriate 
ones for management pmposes at present. As,is pointed out in Section 8.13, this model assumes a further decline 
in the recruitment due to the declining spawning stock biomass, giving a low probability of recovery. Moreover, 
it.does no take into account the influence of the environmental conditions. 

The Atlantic Iberian waters suffered a temperature increase during the last years (Lavin et al. 1996, Dias et al. 
1996). This increase can also be noticed from the analysis of the temperature data from the period 1988-1997 
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(Anon.: 1997). The intensification of frequency of the northern winds during winter implies the offshore larval 
transportation away from favourable feeding areas and increasing their mortality (Dias, 1994). 

Thesehydroclimaticchanges may have 'a negative influence on the larval survival, reflecting ina failure of the 
recruitment which added to a high 'and continuous exploitation have caused the decrease of the' spawning'sfock 
biomass.These could have also been the cause of the changes in the speCies distribution area. There isa'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 fOi each scena..-io gave' 3.I"r idea of w'l6-tOtal: V'fu-iability. 

8~16 Reference, Points for 'Management 'Purposes 

,This stock has been declining steadily over many years, both in terms of biomass and of recruitment. It 'is; not 
Clearto what extent the decline in recruitment is due to reduction of thebiomass, or that recruitment has declined 
from other reasons. The relationship between SSB andrecruitmenfappears 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 stook_recruitment relation wiU be almost parallel to a'replacement line, corresponding to a fishing mortality 
representing the transition between further deterioration 'of the stock and rebuilding of the stock. 

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

-.Because· L'le stock-recruitment ·relation: is ·almost linear, h'lere is' nodling to suggest- a ",T...ain level where; the 
recruitment would start to decline. Hence, it is not possible to define a Bfunj and management advise has to be 

, related to other references. 

The fishing mortality corresponding to the slope of the stock-recruitment curve would represent F,,"-,h, which is an 
obvious candidate for Film. This fishing mortality 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 ratioicorresponding to F=0.34. 
With the exception of a few years with good incoming year classes, the trend has been declining both in SSB and 
Catch and the trajectory is well above the Ffun line. 

, The, immediate need for rebuilding' the stock calls for a reduction of F below Film' Even if an F of 0.34 on' average 
· ,wDuid--stabiiize me·-SSB ,at the-recent'-level, a iar lower F--is-needed to' ensure a proper rebuilding of the :stoc.~. A 
· possibie alternative:is to USe half this F. Le. 0.17. 

Future targ~ts for rebuilding the stock are less obvious. The Fo,1 of 0.55 is cl~arly not appropriate for this stock, 
being far above F""h. A possible choice of Bpa would be the stock size when the stock apparently was stable and 
the fishing mortality below the Ffun. According to the present assessment, this would be around 600,000 tonnes. A 
suggestion for F"" wouldbeF corresponding to the ;replacement line through 600,000 tonnesSSB 'and the 
geometric mean recruitment in the years' before the stock started to decline, The assessment is quiie uncertain for 

,this'period, however, due to the discrepancy between 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, and since 
the present need is a further reduction of F, definitive estimates of these reference points for the situatioll where 
the stock has recovered may be postponed. 

8.17 Management-Considerations· 

The immediate target, in order to stop the declining trend in the stock, obviously is to reduce the F such as to 
have a,;highprobability of F being below Ffun. Future targets for rebuilding the stock are less obvious, in 
particular because it is unclear towhich,extent the recruitment is in.fluenced by climatic changes. 

Since work on this aspect is in progress. 'and the immediate need is '-to reduce the fishing :mortality. further 
specification of future targets are postponed for the time being. 
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T=hl~ 9.2.1 - Landings (tonnes) of SARDINE by cuuntry (Data provided by the Working Group members) 

SARDINE VII 
' :"",-. 

COUNTRY 1981 1982 1983 1984 1985 1988 1987 1988 

Denmark 

France 1,124 907 803 S09 O)nCrl 0= SS5 2,586 ... , .......... .. .... , ... 
UK (Eng.& Wales) 

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

COUW-RY 1989 .. ~ .. ~ 1991 1992 1993 1994 1995 i996 

Denmark. 17.843 17.327 10,068 2.921 

France 1.141 1.107 1,957 1.769 595 272 

UK (Eng.& Wales) 3,011 4,494 4,917 2.061 6.852 6._ 

Netherlands 42 

TOTAL 1,141 1,107 4-,958 'lA 1AID 5,502 .. ftoli!.,n 16,920 S,S07 ....... -no' .......... 

SARDINE VIII 

COUNTRY 1981 1982 1983 1984 1985 1988 1887 1988 

France 9,676 5,928 6,467 4;491 8,169 10,229 7,708 7,81'...8 

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 B.485 9.637 8,713 5,329 7.283 B.706 

Spain 29.856 27.500 20.735 26.160 24.486 22.1Bl 19.538 14.423 

UK (Eng.& Wales) 

TOTAL 38,83' 35.985 30,372 34,874 29,815 29.,4&4 19,538 23,1')Q 

SARDINE IX 

COUNTRY 1975 1976 1977 1978 1979 19ao 1981 1982 

Portuga 95.8n 79.649 79.819 88.553 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 

'UIAL. iUii.-li3 89./89 B9,501 99,458 135,170 155,895 178,583 172,748 

COUNTRY 1983 1984 1985 1988 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 1.48,765 174,71. 178,200 141,411 132,449 117',596 107,270 111,657 

COUNTRY 1991 1992 1993 1994 1995 1996 

Portugal :::O":;,'IAIO 83,315 90,404 94,468 a7,BiEi 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· Annual landings (tonnes) of SARDINE by Division and Sub-area 

DiviSiON 1961 1'982 1983 1984 1985 1SSS 1987 1SSS 

Vlld 172 59 211 147 465 512 fr7 29 

Vile 952 828 59.0 661 1,624 2,.058 682 438 

VIII 20 
Vllg 
Vllh 2 216 2,119 

total VII 1,124 9.07 803 809 2,089 2,570 965 2,586 

Villa 8,462 5,928 6,013 4,472 8,.09.0 1.0,186 7,631 7,77.0 

Vlllb 1,194 454 19 79 77 77 38 

VUlc ~J:: z:z:r. .,~ 71:1::. 0::." 'l""" ~.,. O'7n ".: on.,. .o::l!Q 101: "l&:. ":1'7"7 An QAA uv • ..,..,.., .... , ......... ........ , ..... --. ..... ,'"NV ....... ,<J ..... ...... , Iv,", .............. ""T ... , .... ""T""T 

V!!!d 

total VIII 45,226 37,684 38,841 32,461 34,.076 49,458 44,.065 48,752 

IXa 178,583 172,748 146,765 174,716 178,200 141,411 132,446 117,596 

TOTAL YEAR 224,933 211,339 188,4.09 2.07,986 214,365 193,439 177,498 168,934 

DIVISION 1989 199.0 1991 1992 1993 1994 1995 1996 

IVc 8 19 .0 

Via 
Vlb 49 24 

Vlld 93 64 17.0 153 127 2,.086 1,621 179 

Viie 9i B08 4,687 19,299 5,298 20,985 13,787 8,278 
vm 336 6 0 
\111 ... 0 0 ",,~ 

Vllh 957 235 liD 4 71 1,439 1,35.0 

Vllj 0 

total VII 1,141 1,1.07 4,966 19,793 5,5.02 23,071 16,846 9,8.07 

Villa 8,885 8,381 9,113 8,565 4,7.03 7,164 8,18.0 

Vlllb ~85 104 '462 141 648 119 526 

Vlllc 29,862 27,500 2.0,735 26,166 24,466 22,181 19,538 14,423 

Vllld 42 2 78 .0 

teta! V!!! -'!Ra. g-:t? '1.1:. aa.e '!an ":1'7-') -::tA A'7A .,0 Ri I;. .,0 M::A 10 C'1.s:t "Y-I: 1?Q -... ~-- --,--:- _ .. ,_.- "',,'-- --. --,-,- --,--.----. --,--- -"-
IXs 1.07,270 111,657 1.07,021 99,894 114,3.09 11.0,619 1.01,746 97,008 

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

Sub-area VII· 1981-1990 only French data was available 
(a)· In Div Vile, 1992 17,507twere caught by Denmark 
(.) Unknown catches 
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Tabie 8.2.3· Annuai iandings (i) oi SARDiNE in Divisions Viiic and iXa by country. 

COUNTRY 1976 1977 1978 1979 1980 1981 1982 

Portugal 79,649 79,819 83,553 91,294 106,302 113,253 100,859 

Spain 62,041 45,931 56,437 62,147 85,380 100,880 103,645 

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

COUNTRY 1983 1984 1985 ·1986 1987 1988 1989 

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

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

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

,...nllll..lTDV 1ftOn .. nn .. ... ft"'''' .. I'll"" ..... .."" ..... 1995 1996 __ "",,,1111, .......... " .woW'. IWODt&. -I DD'" -I D:::J&t 

Portugal 92,404 92,638(1) 83,315 90,404 94,468 87,818 85,757 

Spain 46,753· 35,118 42,739 48,391 38,332 33,566 25,674 

Tota! 1o:1:Q 11;.7 19'7' '71:'::: .. ..,.:: nl:A 1"20 "'7GC' 10:10 ... onn ... '!Ii .. "!IoGA .................. 
"--, --- ._. ,.-- .... "', ............ .v"",'''''''' . """",,,","""' '''',.;;;Jg .. III,~I 

(1) Discards inel uded . 
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"fabie 8.2.4 -SARDiNE iViiiC+iXa). Quarteriy caiches (i) by gear 
'--;r by couniry and iieeis in; 996 (Provided by 

ihe WG members) 

Count!l/Quarter 1stQ 2ndQ 3r.d.Q 4th Q Year· 

"'_.L __ 
.. ft .......... .... .. ft.,. .............. 28,725 lil,431 I Ul.cll IO,OJIOg ~:o:J,~u ~O,OUI 

Spain (Vlllc+lXa): ~ n .... ~ .., ~I"\n "'J' "r"'~ .... nn", f"'!Ir'" #'!O'"7" 
0,>:1.:10 I,O~O 1,1;:)0 ",00.,. ~O,tH"+ 

Purse seine 

. Portugal (IXa): 11,629 17,642 3~,645 24,842 85,757 

D"O"r>""_,""",,,i ....... .. .. nho, 17 f')'7"l <::In ca., I)'l 71)0 C" CU::'''l 
• ' .. II':>"'-~"'" Iv , ., ....... "" ",&..'V ........ ,v.;;oo ... G.. ... " ~ .... v'"","" ........ 
Ar:tisanal 186 1eS 604 196 .. "lA"l ." .......... 
Trawl 384 171 148 919 1;622 

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

Area 1stQ 2ndQ 3rdQ 4thQ 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(>7"24~) 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 -1978-19Il6: Sa"~ine monthly catches (tonnes) in Division I)(a-Soulh. Gulf of eadiz (Spain) 

Year/Month Jan I'eb Mar ~r Ma~ Jun Jul '~I See O"t Nay [IBC Tot,,1 
1978 304 474 254 50(i 663 403 335 431 501 938 3119. 421 5,1519 
1979 620 439 243 5" 164 2S0 373 470 420 326 2111 159 3,ISOO 
1980 394 155 238 11a 174 1~~5 377 :329 347' 447 2113 137 3,t20 
1981 139 2'20 134 4S 130 wi 97 45·1' 221' 498 1~~5 237 2,384 
1982 294 203 131. 6fi 22 HI5 228 '123 3261 417 3:12 114 2,442 
1983 152 83 250 25a 183 Hi9 123 428 300 294 3119 143 2,1,88 
1984 554 367 348 27a 387 1:16 85 '119 28~1 545 rl9 38 3,:319 
1985 274 162 331 274· 125 107 322 686 50e, 712 6111 152 4,:333 
1986 493 863 264 5e: 212 4<13 393 1198 982' 1,084 5!IO 507 6,J57 
1987 790 703 415 23E; 200 21i6 545 1106 l,OlE: 1,851 1,1111 931 8,1370 
1988 34 52 274 331 100 lao 143 ;~65 317' 610 6115 120 2,!~90 

1989 51 39 673 274 299 319 395 476 506' 564 HI8 52 3,1335 
1990 244 1,166 530 191 298 404 350 fiBB 650 794 l,HI9 98 6,!503 
1991 49 107 347 371 425 MI4 356 !i74 481 637 8(i8 175 4,1334 
1992 325 218 509 4351 417 37'4 173 432 608 383 2:16 87 4.'196 
1993 262 201 617 486: 362 1S2 74 1122 415 291 5~~1 163 3,1)64 
1994 299 302 243 362 330 2fi7 353 ~~3 336, 500 3<13 173 3,~r82 

1995 904 781 924 244 120 ,'2 84 ~!35 119 158 HiO 193 3,1396 
N 199,6 202 241 169 454 206 343 291 !i15 469 1,140 8412 433 S,a04 V> 
v. 
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Table 8.4.1 • SARDINE (Clivi"iolns Vllle + IXa). Effort (fishing day) and CPUE (ton/fishing day) serh~s iin commercial fisheries (P. SElin<~) 

Spain b IPortugal 
Vlllc Eallt(iSantona) J Vlllc Wellt (:sa,~ I)(:a N(Vigo+Riv'eiri~) IXa Centri~I+South 

+_......:f...:.d:=a:!.y, tIf de!!J, f·day ~ f·day Ilf day f .. dalY tIf d~iJ f·No.boat 
YEAR 

t/boat 

1 !18~~ 7,685 4.87 184 340 

1!1831 7,867 4.01 191, 312 

'" 
1!184i 8,369 4.65 19;~ 329 

'''' 1!185: 5,731 4.86 19~~ 527 ", 
1!18ei 3,541 4.23 190 517 
1!187' 4,455 2.07 , 4,099 4.71 19f, 437 
1!18EI 4,192 2.34 ' 3,601 2.75 22,Oa:0 3.~I1 180 495 
1!18~I 314 4.10 4,008 1.95 3,059 2.45 21,43:2 3.~I3 :22a 383 
1!1901 389 3.Ei5 3,465 1.55 " 3,488 2.80 25,740 3.EiO :2211 394 

1!191 394 3.13 2,891 0.93, 3,279 2.44 21,7918 3.Ei6 :20f) 377 
1!19~~ 570 1.Ei3 2,619 1.42 ' 3;790 2.44 26,418 2.El7 :20f) 381 
1!1931 498 1.i·0 2,054 2.07 4,758 2.66 24,67'8 3043 180 470 
1!1941 274 4.00 2,029 2.03 4,452 2.28 21,8916 4.15 140 614, 

1!195: 459 4.08 1,580 2.05 3,911 2.43 20,13:2 4.14 1411 590 
1!19Ei 297 ' 2.i'8 1,346 1.97 1;654 4.46 21,2914 3.i'0 1411 53811 
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· 
Table 8.5.1 - Sardine joint ,acoustic survey- March 1997. Numbers (millions), 

biomass (t), mean length (cm) and weight (g) by age groups. 

Age Group 
I 

11 
III 
.. -
IV 

V 
Vi 
VII 
VIII 
IX 
X 
Xi 

TOTAL 

VII 
VIII 
IX 
X 
XI 

IUIAL 

VIII 
IX 
X 
XI 

TOTAL 

No 
19 

246 
96 
85 
42 
22 
6 
5 
0 

521 

No 
1 
4 
12 
21 
10 
7 
4 
1 

59 

No 
36 
13 
18 
17 
14 
9 
3 
1 
3 

115 

(Vlllc-E) 
EAST CANTABRIAN 

Biomass Mean length· 
729 

14987 
7065 
6775 
3595 
1959 
561 
515 
36 

(VIl1c-W) 

16,6 
19,8 
21,2 
21,8 
22,4 
22,7 
23,6 
24,0 
23,8 

WEST CANTABRIAN 
Biomass Mean length 

27 17,6 
246 19,7 
946 21,6 

1657 21,9 
825 22,3 
629 22,7 
319 22,6 
119 24,1 
37 24,3 

·4806 

(IXa-N) 
SOUTH GALICIA 

Biomass Mean len th 
1100 15,3 
713 19,3 
1331 21,1 
1357 21,8 
1190 22,4 
838 22,9 
300 23,0 
143 24,1 
373 24,3 

7345 

E:\ACFM\WGMHSA98\T.851 oDOC 29109/97 
237 

Mean weight 
37,0 
60,7 
73,6 
79,1 
85,9 
88,7 
98,6 
104,1 
100,8 

Mean weight I 
43,4 
60,1 
77,8 

·79,9 
84,8 
88,3 
88,0 

104,4 
106,8 

Meanwei ht 
29,7 
56,1 
72,6 
79,7 
85,7 
90,6 
92,3 

104,6 
106,8 



Table 8.5.1 " (Cont'd) 

IXa CoN 
Age Group No Biomass Average 

••• • I 
Ave~~~vvel I 

Lengih 9m I 
I '2791 62575, 14.4 22.4 
11 234 9981 18.0 42.7 
Ill' 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 CoS 
Age Group No Biomass Average AverageWei 

Length ght 

1397 38363 15.5 27.5 
11 1393 44481 16.3 31.9 
III 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 arve -IXa South 
Age Group No Biomass Average AverageWei 

Length ght 

••• "'':lAn .. .., 'li 1 ... ~v .... v , ..... '"" ~ ... .. 810 26273 16.5 32.4 .. . 
III 355 16685 18.6 47.0 
rv 482 26467 19.6 54.9 
V 850 50922 20.2 59.9 
VI 129 8903 21.2 68.9 

TOTAL 2737 ·131590 

Cadiz ~IXa South 
Age GrOup NO Biomass Average Average 

Length Weight 

• · ... n~ .... t::./Y7nJl . ~ " ..,70 . . "\I~~ ~U/V"T , ..... ..., .r;..l .,;;, .. 1627 52399 16.4 32.2 .. 
III 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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Age GiCiUp 

I 
II 
III 
IV 
V 
Vi 
Vii 
VIII 
IX 
X 
X! 

TOTAL 

I Age ~roUI! 
I I .. 
I " ... 

'" IV 
V 
VI 
\Ill w .. 
\1111 ...... 
IV 
.~ 

X 
XI 

TOTAL 

ii 
iii 
iV 
V 
VI 
VII 

'I. .... 
VIII 
.~ 

lA 

X 
XI 

TOTAL 

Table 8.5.1 - (Cont'd) 

Stock (VIIIc+lXa) (without Cadiz) .. Biomas$ Average Average n., 
Length Weight 

4355 105134 
2700 96681 
1681 85666 
1848 111263 
i902 122044 
277 20488 
13 1180 
7 777 
3 446 

12785 .c:A-,,c:"7ft "" ........... ,.., 

FRANCE 
No Biomass Mean length Mea~ ~~ight I 
67 2704 17,7 4U,;:S I 

1649 86320 19,4 53,4 I M~ 31285 21,4 73,0 ""0 
666 51603 21,8 77,2 
271 23035 22,5 84,5 
239 23840 23,7 98,8 
".., ~"7"""" nn n 100,6 v, u/ut:. '''',0 
'" ..AnA nA n 106,6 ~<. 

.,.....,.. £""',.:J .., 
"'~ nn n nn ~ , .,.." C.:J,'" :::I'v,~ 

51 5859 24,9 115,1 

3485 238514 

(Without Cadiz) 
SPAIN 

No Biomass Mean len th Meanwei 
56 1855 15,8 32,3 

263 15945 19,8 60,5 
i26 9342 21,3 73,9 
123 9789 21,8 79,3 
65 5610 22,4 85,7 
38 3427 22,7 89,1 
13 1180 23,2 93,9 
7 776 24,0 104,2 
4 446 24,2 106,3 

696 48372 
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Table 8.5.11. (Cont'd) 

..... ".... ....... ,.. A I 
'r"un I UUIo\L 

L 
'Ageuroup No Biomass Average Average I Length ;;veight 

I 4056 97387 14.7 24.0 
11 2625 84157 16.3 32.1 
III 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 • SARD!NE in Division VIle. Catch length distribution ('OOO fish) 
from-traw! fishery. (England and Walles) dUring:1 996 

ENGLAND & WALLES 
L 1st 0 2nd 0 3rdO 4th 0 TOTAL 

(cm) 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 368 368 
18 592 I 5921 
19 1,nO 1021 1,8711 
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 3,7971 14,8371 
25 7,261 1,7551 9,0161 
26 ;,624 367 1,991 
27 497 147 644 
28 140 140 
29 
M 

I .,v 
~. 
." I M 
~, 

33 
34 
35 
36 

I I 37 
I I I 38 

I ~ TOT.J mJ "oJ 39,375 0 0 
IFish measured I 517 --'2281 -~'7;51 

No.of samples 4 2 6 
No. aged 0 0 0 

Catch(t) • Vile 4,635 3 9 1,796 6,443 
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Table 8.6.2· SARDINE in Divisil)ns Vlllc and IXa, Pume sEline I~atch length distribution ('000 fish) by count!)', Dilrision and quarter in 1096 

QUA,RTE!R 1 QUARTER! IIlUA,ATE:R 3 QUARTER 4 YEAR 1995 

TOT'~=~ L portugal Spain Spain IPortugal Spain SI~aln portugal Spllln Spain PC,l1uQlal Spain Spain Portugal iSpaln Spain 

'm lxa .ca Vlllc TOT.t~L 1)(8 lxa Vlllc TOTAL lxa 1)[8 VUlc TOTAL, IX. IX. VIII(: 'rOT.lL IX. IXIII Vlllc 
6 0 I) 0 0 0 0 I) 0 0 " 0 I) 0 0 0 0 0 0 0 

0 I) 0 0 0 0 0 0 0 " 0 I) 0 0 0 0 0 0 0 
0 I) 0 0 0 0 0 0 0 0 0 I) 0 0 0 0 0 0 0 
0' I) 0 0 0 0 0 0 0 " 0' I) 0 0 0 0 0 0 0 
0 I) 0 0 0 0 0 0 0, " 0 I) 0 0 0 0 0 0 0 
0 I) 0 0 0 0 0 0 0 '0 0 I) 0 0 0 0 0 0 0 
0 I) 0 0 0 0 0 0 0 0 0 I) 0 0 0 0 0 0 0 
0 I) 0 0 0 0 0 0 0 0' 0 I) 0 0 0 0 0 0 0 

24 I) 0 24 0 0 0 0 0 " 0 :~ 8:~3 " 0 0 B93 917 2 0 
ij I) 0 0 0 0 0 0 422 IS, 0 4~) 2,9"78 0 0 2,.978 3,400 18 0 

71 I) 0 71 507 0 0 507 2.516 311 7 2,834 3,7150 18 0 3,'768 6,844 :J28 7 
4. I) 0 48 489 0 0 489 7,526 " 28QI 44 7,85!~ 5,8,"9 27 :)0 5,906 13,912 :Jt6 74 
62 0 1 62 412 0 0 412 20,336 771 355 21,46"1 10,7'78 80 1:!5 10,982 31,587 B50 480 
26 I) " 29 227 4 0 231 20.379 79CI 740 21,90B 12.0:28 62 2·16 12,336 32,660 U52 989 

213 I) 9 :1~22 919 4 I) 923 18,434 641 534 19,610 9,5'74 43 tno 9,B07 29,140 B84 734 
73 !5 16 94 ~!,124 0 0 2,141 15,877 335i 474 16,681} •• 144 95 146 8,385 26,219 '151 653 

358 1!5 11 :3:84 a,014 0 I) 3,014 7,376 625: 316 8,31'7 9,9'76 231 05 10,272 20,724 1)70 392 
578 2:~ 9 1:,09 1',550 0 50 1,609 5,435 93S: 200 6,57a fO,7ia4 525 :~7 11,336 18,347 1,!)44 295 

1,062 13:3 4 1.199 1.,442 0 15J 1,599 2,868 97(]1 99 3,9313 16,O:a7 802 lm 16,909 21,459 2,062 280 
616 37l} 5 1,:1U1 1,533 0 20B 1,738 834 645, 33 1,51:~ 14,643 767 7 15,417 17,826 1,097, 251 
820 39·' 14 1,:1~2B 1,922 4 431~ 2,362 513 64Q' 48 1,210 10,4:55 543 :)0 11,.028 13,710 2,()22 529 

~) 16,51 978 S1J 22 1,5i14 ~I,595 22 640 4,266 1,156 26S, 31 1,45!) 4,41~9 198 ;'2 4,'129 10,226 1,Ci32" 734 
~. 

17 2,382 98~r 25 3,:3,94 fi,59t 60 900 6,557 2,572 19' 4 2,no 8,407 103 9 8,518 18,952 2,'190 944 ~) 

5,909 S4:J 48 6,H01 1a,752 128 '1,11l! 114,992 15,545 117' 12 15,67S 7,4152 94 !i4 7,'511 42,669 2,'167 1,227 
14,421 :~,11:3 788 17,3022 2(1,429 1,085 '1,39i' ~!8,911 37,436 54a. 23 3B,00"1 :20,5"78 134 :14 20,'746 98,863 4,'187 2,241 
21,390 :~,37:! 641 24,403 5~!,700 2,076 '1,114 fi5,890 74,626 1,367 103 76,09~r :39,5:33 241 2:!4 39,'998 188,249 5,093 2,083 
3S,154 a,18H ',191 42,5,34 5i',924 5,301 86!) Ei4,094 91,570 a',8Se 347 95,80a aO,4:39 338 3113 31,1eO 218,087 8,:!82 2,790 
30,607 4,24:~ 2,009 3S,aS9 5fi,339 7,618 '1,08!1 Ei4,045 88,009 5,,371 90;3 94,28:! 130,s.t9 495 6116 61,'650 234,503 11,'197 4,1307 
39,427 !i,86!i 4,641 49,13'33 4~!,435 12,400 l!,19i' 1;7,032 68,999 e',72e 1,692 77,4W 45,5130" 1,342 9l!1 47,:B51 196,449 16,'131" 9,451 
23,855 !j,69:~ 6,922 36,470 2~I,228 9,435 iI,3411 a8,otl 40,820 5,,155 2,964 48,93B "9,4136 943 1,448 5l,;B57 138,368 16,~138 15,681 
13,693 !),86!J 10,054 29,fl,16 1~I,201 8,266 ~r,1211 ~!8,608 22,530 5,,367 6,304 34,20"1 :~7,9156 1,767 2,7413 32,446 77,391 20;124 26;192 

4,183 a,520 11,246 18,13'49 !;,602 3,960 !),660 1'9,222 11,072 a,80e 10,055 24,92~r 15,343 2,014 4,1111 21,.549 36,201 18,094 35,152 
1,B07 4,650 8,227 14,13,93 1,512 3,187 ~r,52l! 112,221 3,312 :1,835 9,862 16,000 10,7155 2,546 5,6:'4 18,!~74 17,386 17,Ii61 31,285 

422 "1,64:~ 4,976 7,040 784 749 4,79~1 6,324 881 1,57e 6,434 8.89:! 3,047 2,260 4.3'12 9,1620 5,134 10,:!72 20,513 
101 6m 2,'56 2,e,76 189 255 '1,50a 1,947 358 411 3,255 4,02·1 602 1,126 2,4!1O 4,:2:18 1,250 3,059 9,404 

0 14"1 859 1,001 0 38 40() 438 20 ' 50' 836 900 3:28 254 9!i2 1.534 ' 348 045 ' 3,048 
0 si: 444 501 18 33 2811 333 0 0, 382 3B:! 3"73 138 6110 1,191 391 477 1,786 

". 191 '07 0 0 3" 34 0 0 108 101' 0 0 .. 9 .9 0 50 402 
I) 117 117 0 0 51) 50 0 0 54 5<1 0 0 H4 94 0 50 31S 
I) 78 78 0 0 () 0 0 0 7 ,r 0 0 44 44 0 0 130 
() 43 43 0 0 () 0 0 , 0 () 0 0 4 4 0 0 
I) 0 0 0 0 11 1 0 0 0 () 0 0 0 0 0 1 
I) 0 0 0 0 () 0 0 0 0 () 0 0 0 0 0 0 
() 0 0 0 0 () 0 0 0 0 () 0 0 0 

7154 

e;\acm\wgmhsa9B\T-S62.xfs 



TABL.E 8.5.3 -:SARDINE - Purse seine catch length compostion fiOm Gulf of Cadiz-(Spain) by quarter during i996 

Unit, '000 fish 

ILen~(cm) J 
I. . 101 
I. 10.51 

11 

1 
1 

1 
1 

1 
1 

11.5 
12 

12.5 
13 

1~';1 
14.51. 

15 
15.5 

16 
16.5 

17 
17.51· 

1'8 
18.51 

19 
19.5 

20 
20.5 
. 21 
21.51 

22~1 
23 

23.5 
24 

24~5 
~c 

hOTAL ~~I 
IFlsh.measured 1 
NQ.otsamples 
no.aged 
Catch (t) 

1 Q. 

55 
56 

56 
113 

305 
538 

1042 
2040 
2595 
2311 
1217 
368 

99 
85 

10882 
394 

3 
50 

612 

~dJer~ are no samples in December 

e:lacfmlwgmhsa98IT-863.x1s 

2Q. 

109 
272 
109 

109 

109 

382 
66 

713 
522 

1055 
2606 
3459 
3911 
4524 
4849 
2253 
736 

59 

3 

25846 
534 

4 
222 

1003 

243 

3Q. 

190 
190 
253 
717 

1970 
1774 
524 
393 
295 
319 
472 
575 

1599 
4388 
4782 
5254 
3790 
2639 

974 
312 

63 

31474 
628 

6 
161 

1274 

4Q.* 

104 
1555 
4040 

;~;;I 
59001 
7335 
6624 
4769 
3061 
2203 

~~~~I 
~'~I 
3082 
2014 
1276 

846 

SO:~I 
4 

176 
2415 

17 
609 

5304 



i 

Table 8.7.1 Catch in numbers ('000) at age by quarter and by 

sUb-division of SARDINE in 1996 

1996 

Aa. 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
;4 

15+ 
Total 

Tonnes 

.. ,.,,..,.. 
"''''' 
A ae 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

15+ 
Total 

Tonnes 

1996 

Age 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

15+ 
Total 

Tonnes 

1
I VHlc Eastl' Vlllc 'v\'est 11 IXa North 1I ixa Centr-N 11 ixa Centr~S 1I iXa South 11 Aii areas 1' 

1'r:.tn 1'C!tn 1'cln 1' ..... n 1'1O>tt"\ 1'."..n "'c>tn 

I catehi'oo';;lcat~;;;'~O\I cat~;;;'OoO\ I cat~h;'OoOl I cat~h;'~1 Icat~h;'~11 cat~;;'~1 I 
0 

588 
4.002 
3,948 
1~;614 
9,8711 
1,0ssl 
1,193 

250 
411 
258 

38 

851 

01 
0 
0 

35,313 
. ···2,623 

• i ... " 

0 
178 
980 

1,983 
8,-1:40 1 -
6,4571 

5761 
692 
173 
110 
118 

11 

191 

01 
0 
0 

19,437 
1,494 

... • i '" 

0 
4,176 
9,851 
5,050 

13,774 
.8,6831 

6531 
718 
128 
147 

91 
6 

141 

01 
0 
0 

43,291 
2,920 

.. . , . I.u 

0 
462 

2,225 
2,440 
7,939 
4,3181 

9401 
527 

o 
o 

·0 

o 
01 

01 
0 
0 

17,850 
988 

- . 
_L • .1 .. , 

0 
2,386 
6,818 

12,573 
58.807 
36,0901 

5,1241 
658 

o 
o 
o 
o 
01 

01 
0 
0 

122,455 
6,505 

- ..... I.u 

0 
709 

15,921 
12,857 
3_6,756 

3,5191 

01 
o 
o 
o 
o 
o 
01 

01 
0 
0 

69,761 
4,136 

- ., i I ~ .. ;. ,_~. 

I 
YI~I(; t:tRil I V llle vvesll II\a ",onn l'Aa vemr-,\lI'Aa \.Ientr-;:, l'Aa \)o~n I 

"'nl"l n "'"101 n ?'n" n "'n.-l n ?'n .... n ~." ... n 
I ;'hro7xJlleaieht-boOlI ichc,07xJII ;'hC'o7xJI I aihr~od a;ehro7xJII eae ca eae e e e 

I 
I 

I 
I 

I 

0 
2,983 
3,036 

753 
RR 

~:~501 
291 1 
323 

64 
99 
68 
18 
20

1 
01 
0 
0 

12,493 
859 

... 
0 

344 
2~117 

3,476 
1~ R'11 

10:$9; I 
9251 

1,165 
271 
179 
198 

14 
18

1 
01 
0 
0 

33,429 
2,864 

0 
2,072 

12,696 
8,060 

1Q',dA4 

;0:69;1 
7681 
566 
108 
171 

41 
4 

31 

01 
0 
0 

54,644 
3,975 

·0 0 .0 
7,8.00 7,734 446 

16,981 13,758 38,189 
18,985 49,861 20,672 
.41 ??J:; 4R.?~ ".-:1:01.-:1 

26~a41 1;:6271 --'4031 

7,5451 1,7751 241 
245 159 0 

0 0 0 
0 0 0 
0 0 ·0 

0 0 0 
0 0 0 

119,465 137,144 83,647 
6,002 7,185 4;455 

e 

... 

0 
8,499 

39,797 
38,851 

138;129 
68.9371 

8,2471 
3,789 

551 
688 
467 

SS 
1181 

01 
0 
0 

309,108 
18,566 

I 
Ptll areas I 
"' .. .-f n 

at:';;('~1 I 
0 

21,379 
86,778 

101,807 
1.d.Q ~c;,1 

'66:4461 

11,3281 
2,458 

443 
449 
:307 

0 
0 

440,822 
25,341 

1
1 -Vine East 11 VlUc v{es~I' __ lxa NQrt~ _11 lXa Ceiiti~N 11 IXa Ceiitr-S 11 [)Ca South 11 An areas. I' 

::fm 0 .::l'm_O :.:!;'rr! O. :.:!;'rrl ,0· :.:!;'ni (') ~'rrl () :.:!;'rrl ('} 

I eat~h('OOo) I catch('iioo)1 cal~i,(,06o) I eat~h(.QOO) I catcl,('OOO) leat~h('06o)lcatcl;-('oooi I 

I 

13 
259 
985 I 

1,160 
··5,657 

3,6191 
663 
396 
690 
420 

o 
o 
01 
0 
0 
0 

13,883 
1,360 

2,898 
1,164 
2,839 
2,910 

13.083 
7,2301 

749 
708 
489 
293 

o 
o 
01 
0 
0 
0 

32,363 
2,733 

7,931 
5,257 
8,003 
3,113 

13,237 
6,0601 

368 
381 
189 
114 

o 
o 
01 
0 
0 
0 

44,651 
3,063 

82,665 
16,633 
59,340. 
93,635 
80,907 

7,0161 
1,366 
1,000 

o 
o 
o 
o 
01 
0 
0 
0 

342,561 
15,275 

43,883 
2,232 

34,132 
44,586 
70,283 

7:6431 
o 
o 
o 
o 
o 
o 
01 
0 
0 
0 

202,760 
9,646 

304 
6,682 

22,927 
53,499 
18,171 
2,9301 

654 
o 
o 
o 
o 
o 
01 
0 
0 
0 

105,166 
6,724 

137,693 
" 32,227 
128,227 
198,902 
201,338 

34,4981 
3,798 
2,485 
1,368 

827 
o 
o 
01 
0 
0 
0 

741,364 
38,801 

e:\acfm\ wgmh,a98\ T·87].xI, 
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Table 8 7 1 (continued) 
1996 

Age 

I 0 
1 

I 
2 
3 
4 
5 
6 
7 I 8 
9 I 
10 
11 
12 
13 
14 I 15+ I Total I 

I Tonnes I 

1996 

Ace 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

14 I 
15+ 

I Totat I 
I Tonnes I 

Vlllc East VlllcWest 
4'th Q 4'hQ 

catchCOOO catch('OOO 

541 

786 
3,861 
2,443 

429 
236

1 488
1 322 

0 
0 
0 
0 
n 

~I 
10,0791 

9971 

Vlllc East 
1-4Q 

catch('OOOl 
671 

4,3001 
9,014 
6,647 

25,820 
18,083 

2,438 

2,l~1 
,,4""1 ..... ~ .... 
•• .<::. .... ,0;, 

326 
56 

105 
o 

~I 
71.7481 

. 951 1 

1,283 
6,228 
3,746 

537 

~~!I U1vI 
377 

0 
0 
0 
0 
n 

~I 
15,7421 

1,4931 
. 

VlllcWest 
1-4Q 

catchl'OOO) 
3,8491 
2,1031 
7,148 
9,652 

41,282 
28,324 

2,787 

2'9481 
1,5431 

95S 
316 
25 
37 

0 

~I 
100.9711 

8,5841 

e:\acfm\ wgmhsa98\ T-871.xls 

IXa North 
4'hQ 

catchCOOO\ 

.3,6441 

1,176 
5,577 
3,180 

415 

~~:I 
~,::;cl 

186 
0 
0 
0 
0 
n 

~I 
17,ls41 

1,3931 

tXaNorth 
1-4Q 

catch('OOO) 
11,5751 
12,3761 
32,065 
17,399 
52,052 
28,614 

2,202 

1,9571 

~~:I 
132 

10 
17 
0 

~I 
159.77~1 
11:2511 

IXa Centr'N 
4'h Q 

catch('oool 
103,320 

74,461 
55,820 

3,790 
2,581 

,,25~1 

~I 
0 
0 
0 
0 
n 

~I 
278,0401 

12,4961 

IXa Centr-N 
1-4Q 

catchrOOO} 
185,9851 
31,8351 

108,416 
189,521 
184,991 
41,808 
12,331 

3,0301 

~I 
u 

0 
0 
0 
0 

~I 
757.91~1 

34:7621 

245 

tXaCentr-S 
4'thQ 

catchCoool 
31,059 

~~'~~I 
O!V.~(t) 

47,251 
44,638 

6,649 
526 

~I 
~I 
0 
0 
0 
0 

~I 
171,6981 

7,7811 

IXaSouth 
4'h Q 

catch('ooo) 
179 

1::~;:1 
21,927 
21,912 

4,172 
51 

~I 
~I 
0 
0 
0 
0 

~I 
68,7891 
4,5651 

All areas 
4'hQ 

catch ('000) 
139,207 

:::~I 
146,864 
138,036 
23,981 
4,539 

~'~~~I 
1,"1-:'::°1 

885 
0 
0 
0 
0 

~I 
561~1 
28,7251 

:::~~]~:!~!:ll "l:~i:ll 
74,9421 4831 

13,2591 
92,161 

108,955 
100,752 

11,024 

276.9011 
96,9251 

324,390 
496,444 
626,854 
193,862 

27,911 
10,8971 

33,0531 
·75,585 
154,271 
221,957 

66,009 
7,424 

8171 

~I 
u 

0 
0 
0 
0 

~I 

s::;;~1 

729 

01 

~I 
u 
o 
o 
o 
o 

°1 
3~7_3B.~1 

~':~~I 
i:::,i:Si:::!;1 

774 
91 

159 



Table 8.8.1 Length (cm) at age by quarter and by sub,division 

of SARDINE in 1996. 

1
1996

1 V!~!.~E~st I ~!~~t~eStl :!Y~;~~h I !Xa1;·~r-N-llxa1:~~r-'sl !x~,;~1hl 
A e len H an lenlh cm len h c:onJI leng;h(~m) Ileng\h(~m) hength(~m)1 

0 0.0 0.0 .. 0.0 .. 0.0 0.0 0.0 
1 18.9 17.6 16.2 14.7 15.8 
2 19.8 20.4 19.2 18.5 17.6 18.7 
3 21.0 21.4 20.5 19.2 19.1 19.4 
4 21.4 21.6 21.1 19.9 19.8 20.2 
5 21.81 21.91 21.51 20.71 19.91 21.11 
6 22.61 22.41· 21.71 21.31 20.51 0.01 
7 22.8 22.6 22.3 21.7 20.7 0.0 
8 22.5 22.1 22.3 0.0 0.0 0.0 
9 23.7 22.1 21.8 0.0 0.0 0.0 
10 23.8 23.0 23.0 0.0 0.0 0.0 
11 0.0 
12 0.01 
i3 ~'~I v.v 

0.0 
0-15+ 21.4 20.4 19.9 19.6 19.7 

17.1 18.0 19.0 15.6 14.1 15.1 
2 18.4 20.2 19.7 18.0 17.7 18.6 
3 '20.9 21.3 20.4 18.4 19.5 19.1 

19.5 
21.41 
23.01 
0.0 

4 21.7 21.6 20.8 19.6 20.2 
5 I 21.91 21.91 21.11 20.31 20.91 
6 

I ~3.11 ~.41 2°·~1 20.71 21.91 
7 '(!~.9 22.5 21.7 21.8 22.7 
8 22.7 22.2 22.0 0.0 0.0 0.0 
9 23.6 22.2 21.4 0.0 0.0 0.0 
10 23.3 23.0 23.0 0.0 0.0 0.0 
11 24.3 24.3 24.3 0.0 0.0 0.0 

~'~I 
v.vl 
0.0 

12 2~'~1 2:'~1 2:'~1 ~'~I ~'~I 
13 v,vl :v.vl v.vl v,vl v.vl 
14 -0.0 0.0 O~O 0.0 0.0 

19.9 21.6 20.5 19.2 19.4 

119961 V;!'~dE~st I V!~~W~stl !)(;'~~h I !)(.a3~~r-N I !x.a3~~r-sl !Y:,!~t"l 
I Aoe Ileng1h (cm)llength (cm)liength (cm)! length (cm) ! length (cm) !Iength (cm! 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
;2 
,~ 

14 
15+ 

0-15+ 

18.3 
20.4 
21.6 
22.0 
22.2 
22.41 
23.0 
22.4 
23.5 
23.8 
0.0 
0.0 
0.01 
AA v.v 
0.0 
0.0 

22.3 

e:\acfm\ wgmhsa98\ T-881.xls 

13.5 
20.5 
21.2 
21.7 
21.8 
21.91 
22.4 
22.1 
22.6 
22.4 

0.0 
0.0 

0.01 
An v.v 
0.0 
0.0 

21.0 

14.5 
19.8 
20.0 
20.9 
21.0 
21.31 
22.1 
21.9 
22.5 
22.1 
0.0 
0.0 

~-~I v.v 
0.0 
0.0 

19.6 

12.8 
17.7 
18.8 
19.9 
20.4 
20.81 
21.6 
22.4 
0.0 
0.0 
0.0 
0.0 

~'~I v.v 
0.0 
0.0 

18.0 

246 

13.5 
18.1 
19.1 
19.7 
20.5 
21.31 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.01 
AA v.v 
0.0 
0.0 

18.6 

13.6 
17.8 
18.5 
19.1 
19.7 
20.31 
20.8 
0.0 
0.0 
0.0 
0.0 
0.0 
0.01 
v.v 
0.0 
0.0 

19.0 

All a.reas 
1'stQ 

leng!h(cm) 
0.0 

16.6 
18.8 
19.7 
20_3 
20.71 
21.11 
22.1 
22.3 
23.0 
23.4 
24.3 
24.11 

0.01 
v.v 
0.0 

20.1 

Al! 'a.reas 
2'ndQ 

leng1h(cm) 
0.0 

15.6 
18.5 
19.3 
20.2 
20.91 
21.11 
22.3 
22.2 
22.2 
23.1 
24.3 

2~'~1 
v.vl 
0.0 

P-J! areas 
3'rdQ 

length(cm) 
13.2 
18.2 
19.0 
19.7 
20.5 
21.31 
21.9 
22.2 
23.0 
23.1 
0.0 
0.0 
0.01 
v.v 
0.0 
0.0 

18.6 



Table 8 8 1 (continued) 
1996 

Aae 
0 I 
2 I 
3 
4 
5 
6 
~ , 
8 
9 
10 
11 
12 
13 
14 

115+ I 
10.15+1 

1996 

Age 
o 
1 
2 
3 
4 
5 
6 

7 I 
8 I 
9 
10 
11 
12 
13 

" 11~: I 
10-15+1 

Vlllc East VlllcWest IXa North 
4~hQ 4'th Q 4~hQ 

lenoth(cm\ length(cm' length(cm' 

~~'~I ~~'~I ~:'~I 
1:::1·:::r1 

- 20.8 
~v''''1 
21.4 

l::t.ol 
20.8 

21.8 21.9 21.6 
22.0 22.0 21.8 
22.3 22.2 22.1 
23.0 22.8 22.8 
22.4, "" " 00" 4(;·.;:11 ~·.;II 

?~ c; ?~ 1 

~~::I 23:81 23:21 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

~:~I 
no no 
0:01 0:01 

22.01 21.61 20.41 

. 
Vlllc East VlllcWest IXa North 

1-4Q 1-4Q 1-4Q 
length(cm) length(cm) length(cm) 

17.9! 13.5! 

~:':I ~:'~I 1tl'.D .i:::U.t:I -

21.3 21.5 
21.7 21.7 
22.0 21.9 
22.8 . 22.5 

~~':I ~'~I 
~;:;I . ::~I 
23.7 23.0 
24.3 24.3 
24.2 23.9 
0.0 0.0 
c,C

I 
C'O

I 0.0 0.0 

21.41 n21.41 

14.8! 

~~'~I 
.1l:f.1 

20.6 
21.0 
21.4 
21.7 

~'~I 
"""1 22.2 
23.0 
24.3 
24.0 
0.0 
c.OI no 

20.21 

e: \ acfm \ wgmhsa98 \ T -881.xI' 

IXa Centr·N 
4~hQ 

length(cm) 

~~'~I 
IO·l:f1 
19.4 
20.4 
20.9 
21.8 
22.0 

23.21 
nn 

0:01 
0.0 
0.0 
0.0 
0.0 
no 
0:01 

18.01 

IXa Centr·N 
1-4Q 

length(cm) 
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13.61 

1:'~1 
H:5.~ 

19.9 
20.3 
20.6 
21.1 

~'~I u.ul 
0.0 
0.0 
0.0 
0.0 
0.0 

.. 

IX<! Centr.S, 
4~hQ 

length(cm) 

~~':I 
10.01 
18.3 
19.8 
20.7 
21.3 
23.5 

0.01 
nn 

0:01 
0.0 
0.0 
0.0 
0.0 
nn 

0:01 
18.11 

IXa Centr·S 
1-4Q 

length(cm) 
13.11 

1:':1 
12:1.0 

19.6 
20.3 
20.4 
21.0 

2~'~1 u.ul 
0.0 
0.0 
0.0 
0.0 
0.0 
"" v.vl 
nn 

18:81 

. 

IX<! South 
41hQ 

lenothCcm 

. ~~':I 
1/;;:101 

18.5 
19.5 
19.9 
21.0 
22.7 

0.01 
nn 

0:01 
0.0 
0.0 
0.0 
0.0 
nn 

0:01 
19.31 

IXaSouth 
1-4Q 

length(cm) 
13.91 

1:'~1 
18.0 

19.2 
19.9 
20.8 
21.0 

~'~I u.ul 
0.0 
0.0 
0.0 
0.0 
0.0 

. ~'~I 
19:21 

All areas 
4~h Q 

lenothCcm\ 

~~'~I lb.DI 
19.0 
20.1 
20.8 
21.7 
22.4 

22.91 
OOA 

;3:;1 
0.0 
0.0 
0.0 
0.0 
nn 

0:01 
18.51 

All areas 
1-4Q 

lengthCcm} 
13.51 
16.91 
16.8 
19.7 
20.4 
21.0 
21.4 

~'~I 
2~'UI 
23.1 
23.3 
24.3 
24.1 
0.0 

0.01 
nn 

19:01 



Table 8.8.2 Weight (g) at age by quarter and by sob-division 

of SARDINE in 1996. 

I' 19961' Viiic cast I' Viiic west il-,M. North I' ixa Gentr~Nli ,]{a (;entr-~I' iXa ~outhli 
.. ' .... 1"\ .. , .... ,.... 01' .... 01"'\ .. '......... ..'-........ ..,_ ...... 

I I ';:11"""'1 I .. ;:11"""'1 I r;:nw I ';cu ..... I 1;::1' .... I ,.,1,.... I 
Aae weil"lht{n' wAinhtfnl wAinhtfnl wAinhtln\ wAinht{;,\ WAinht(n\ .. ~- -- ... . -. 

0 
1 
2 
3 
A 

~ I '5 

6 I 
7 
8 
9 
10 
11 
12 
13 
14 

15+ 
0-15+ 

~- . 

0 
51 
58 
69 
7A 

;:;1 
871 
89 
85 
99 

101 
106 

301 
01 
0 
0 

,74 

.. _- -_ . 

0 
37 
64 
73 
7~ 

;~I 
851 
86 
81 
81 
91 

106 
1011 

01 
0 
0 

76 

". 

0 
42 
54 
65 
7' 

;~I 
771 
83 
83 
77 
91 

- 106 

1021 
01 
0 
0 

65 

. - .-. 
0 

31 
45 
50 
<0 

~~I 
6s1 
70 
o 
o 
o 
o 
01 
01 
0 
0 

55 

--. 
- 0 
24 
39 
49 
« 

~~I 
601 
62 
o 
o 
o 
o 
01 
01 
0 
0 

53 

.-
0 

32 
51 
57 
~ 

~I 
o 
o 
o 
o 
o 
01 
01 
0 
0 

59 

I ; 996 1 ~~~:~~ I-Vi!i,:~!st-I iX!_~O~hliX':.:~~-NII~::";.r-~liX:'_~O~hl 
I I ,., .... """'1 I .o:;,III.I""! I "111.01""': I .c:;IIU\,ol I .ll:;II\,IW I &'II"'W I 

Anp. wAinhtfn\ ~·nht( \ . ht! \ ' ht{ \ "nht( \ • htf \ -- , 

0 
1 
2 
3 
A 

~ I 
6 I 
7 
8 
9 

10 
11 
12 
13 
14 
15+ 

0-15+ 

.. _- ... 

0 
41 
51 
77 
CO 

~~I 
1()sl 
103 
100 
113 
108 
123 
1201 

01 
0 
0 

68 

. - ! -.. n 

0 
48 
69 
81 
CO 

;1 
951 
97 
93 
93 

103 
123 
1151 

01 
0 
0 

65 

... 

n WE!!" ... 

... .. 

0 
57 
83 
71 
7~ 'UI 7Q 

771 
86 
91 
83 

104 
123 
1151 

01 

~I 
721 

.. 

we!" --. 

... 

n 

0 
29 
41 
44 
00 ;;1 
621 
72 

0 
0 
0 
o 
01 
01 

~I 
501 

.. 

we! --. 

... 

n 

0 
21 
40 
52 
07 

;1 
721 
81 
0 
0 
0 
o 
01 
01 

~I 
521 

-

WEn" 

... 

... n 

0 
28 
50 
54 
07 

;~I 
921 
0 
0 
0 
0 
o 
01 
01 
0 
0 

53 

.. ---- ..... - . ! ••... ~ ~ ~ 

I,."" I vllle t::ast I VIIIC vyest IIM Norm I'M ~entr.NI,~a .... entr-:::; I'M :::iOUtnl 
-::lI' ..... n <:I'..,.{ 1"'\ -:t' ..... n 0::1:'....,1"" '=I' ..... n <:I' ..... n 

I Aae I W:i~~ ~all W:i~~t~al Iw;~~t~all W:i~~t~a\ I W:i~~t~al Iw;~~t~all 
0 
1 
2 
3 
~ 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

15+ 
0-15+ 

53 
74 
88 
93 

"" 
991 

107 
98 

115 
119 

0 
o 
01 
0 
0 
0 

98 

20 
74 
83 
89 
01 

931 
99 
95 

102 
99 
0 
o 
01 
0 
0 
0 

64 

25 16 18 25 
S7 39 42 52 
69 47 49 59 
80 55 53 64 ., <0 M 71 

841 631 671 771 
94 70 0 83 
92 77 0 0 

100 0 0 0 
95 0 0 0 
0 0 0 0 
o o o o 
01 01 01 01 
0 0 0 0 
0 0 0 0 
0 0 0 0 

68 45 48 64 

Ail-areas 

wAinhttn\ _ ..... -, . 
0 

36 
50 
57 
~" 

~I 
611 
80 
64 
91 
96 

1:
1 

01 
0 
0 

80 

AUareas 
2'ndQ 

. htt \ we!" n 
'" 

.. . 

0 
31 
49 
54 
~" U"I SQ 

691 
92 
93 
93 

105 
123 
1181 

01 
0 
0 

57 

All areas 
3'rdQ 

weiahtlal 
17 
48 
52 
58 
~< 

791 
87 
88 

108 
109 

o 
o 
01 
0 
0 
0 

52 
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Table 8.8.2 (continued) 

Age 
o 

2 
3 
4 
5 
6 

~ I 
;1 
10 
11 
12 
13 

I 14 I 
I~;;+I 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

I ,1_4 I 
lo~~+1 

Vlllc East 
41hO 

wei~ht (~) 

491 
70

1 
Bl 
95 
97 

102 
113 

::1 
127 

VlllcWest 
41hO 

weiaht(a) 
201 
761 
BB 
95 
97 

101 
110 

1~!1 
1<UI 
125 

o 
o 
o 
o 

~I 
~I 

IXaNorth 
4'hO 

weiahtlc) 
31 1 
691 
Bl 
92 
94 
99 

109 
1011 
1141 
116 

o 
o 
o 
o 

~I 
8~1 

IXa Centr-N 

4'hO 
weiaht(o) 

211 
351 
51 
59 
53 
72 
74 
861 
~I 
v 

IXa Centr-S 
41hO 

weiahtla) 
151 
291 
44 
55 
62 
67 
89 

01 

~I 
v 

o 
o 
o 
o 

~I 
4.~1 

IXa South 
41h0 

weiahUa} 
251 
461 
57 
68 
73 
87 

113 

01 

~I v 

o 
o 
o 
o 

~I 
6~1 

Vlllc East Vlllc West I)(aNorth l)(a Centr-N l)(a Centr-S l)(a Sou1h 
1-40 1-4Q 1-40 1-40 1-40· 1-4Q 

50 
471 
62 
77 
84 
86 
99 
941 

1121 
114 

102 
111 
47 
o 

~I 
8~1 

20 
671 
77 
84 
87 
89 
97 
951 

105
1 

lOO 

99 
115 
108 

o 
~I 

Q~! 

'<I 
571 
63 
72 
78 
81 
86 
891 

1021 
B4 
95 

113 
105 

o 
~I 

7~! 

19 
361 
47 
55 
59 
61 
66 
791 

01 
o 
o 
o 
o 
o 
~I 

A~! 

17 
271 
45 
53 
58 
60 
65 
661 

01 
o 
o 
o 
o 
o 
~I 

4~1 

25· 

481 
54 
62 
65 
79 
85 

01 
01 
o 
o 
o 
o 
o 
~I 

6~1 

All areas 
41hQ 

welahtlal 
201 
351 
52 
60 
68 
84 
87 
931 

~~?I 
O<~ 

All areas 
1-40 

o 
o 
o 
o 

~I 
5~1 

19 
361 
51 
58 
64 
71 
74 
871 

1071 
107 
100 
113 
67 
o 
~I 
~I 
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Sardine South (run: ICAPCl03/103) 

Catch in number 

------.------------------------------------------------------------------------------------~-----------
• .II;ge I 1977 1978 1979 1980 .. OD1 19~ 1983 ....... .,. 1986 .......... 

IYOO 1 .7.." I"'" IYO"" 1701 

------+---------------------------~--~~----------------------------------~---------~-------------------
0 844.0 854.0 643.0 842.0" 1021.0 60.0 1061.0 109.0 :258.0 238.0 140LO 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 lntLO 1854.0 838.0 470.0 2343.0 987.0 615.0 525.0 
3 110.0 281.0 423.0 3n.O 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 'M " 1':1'ft ... ." ...... 176 .. 0 197.0 194.0 147.0 291.0 ......... 'JU.'" , ....... u 

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 

------+--------------------------------.---~----------------------~------~-----------------------------
Thousands 

Catch in number 

- - - _ .. -+- - - - - - - - - - - - - - - _ .. - - - - - - - - - - - .. -:- -.- ......... , ••••• ~ •• - -,- -:.. ,. - -. - - -'- - -:-
Age I 1989 1990 1991 1992 1993 1994 1995 1996 
- - - - - -+- _. - - - - - - - - - - - - - - _. ,:," -. - - - - •• _----- ,:",- ~ - --- -. - - _. - ._- - - - - - - - _., - _ ••• - - --

o I 244.0 234.0 1574.0 490;0 88.0 121.0 31.0 276.9 
1 I 512.0 562.0 456.0 98,5.0 562.0 6i.O i86.0 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 n.o 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 5,2.0 36.0 35.3 18.5 
S 
9 

10 
11 

LO 
1.0 
1.0 
1.0 

LO 
1.0 
1.0 
1.0 

i.O 
1.0 
1.0 
1.0 

'i .0 
1.0 
1.0 
1.0 

i .0 
1.0 
1.0 
1'.0 

1.0 
1.0 
1.0 
1.0 

;'0 
1.0 
1.0 
1.0 

i.O 
1.0 
1.0 
1.0 

----.-+.--.--- .. -----.------- .. ----:..~.----------------~--- ... ----------
Thousands 

Predicted Catch 'in Number 

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

------+----------------------------------------------------------------------------------------
o 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 
5 
6 
7 
8 
9 

10 

396.0 
256.3 
145.5 
28.7 

1.5 
1.5 
1.0 

671.9 
196.9 
141.1 
26.2 
2.3 
1.3 
.7 

423.1 
353.8 
114.4 
27.6 
2.4 
2.4 

.6 

258.6 
170.8 
157.8 
17.1 
2.0 
2.0 

.9 

24'.4 
128.4 
93.0 
30.3 

1.6 
2.2 
1.0 

69.4 
40.8 
9.9 
1.7 
1.1 

.7 

4L'- L ........... 
110.5 
25.9 
5.0 
.6 

1.2 
.4 

212.1 
85.0 
62.9 
5.0 

.5 

.6 

.6 

161.3 
n.l 
32.0 
7.8 

.3 

.3 

.2 

463.3 
66.7 
33.0 
4.9 

.6 

.3 

.1 

419.3 
237.1 
37.5 
6.5 

.5 

.6 

.1 
------+-----------------------------------_._--------------------------------------------------

Thousands 

Weights at age in the catches (Kg) 

------+------------------------------------------------------------------------------------------------
Age I 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 
------+------------------------------------------------------------------------------------------------n 1 "'4'7nn n4'7nn n4.,."n _01700 .01700 .01700 .01700 .01700 .01700 .Oi7QO .vi700 .vi700 " .u. , ... U .... lfUU .u,ruu 

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 .onoo .onoo .07200 .onoo .07200 .onoo .07200 .07200 .07200 .07200 .onoo 
6 .07900 .07900 .07900 .07900 .07900 .07900 .0.7900 .07900 .07900 .07900 .07900 .07900 
7 .09300 .09300 .09300 .09300 .09300 ~09300 .09300 .09300 .09300 .09300 .09300 .09300 
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8 .. nnnn ~nn,.,n .10000 .10000 ;, 10000. ;, -iOOOO .10000 .10000 .10000 .10000 .10000 .10000 . , ............ .IUI,oIUU 

9 .10000 .10000 .10000 .10000 .10000 ~ 10000 ,,10000 .10000 .10000 .100'00 .10000 "Innn,., 
• IV ......... 

10 .10000 :10000 .10000 .10000 .10000.' .10000 .10000 .10000, .10000 .10000 .10000 .10000 
11 .;0000 • iOOO.O .10000 • iOOOO .10000 .10000 .10000 .10000 .10000 .10000 .10000 .10000 

- - .. - - -+- - - - - - - - ".- .......................... ~ ~ ............................................................ 7,;~""" 7,7r ,,.. ................ --............................ - ............ 
Units ' 

Weights at age in the catches (Kg) 
Table 8.10.1: (cont'd) 

........ --_ .... -- -------- .-.--- ... ------_ .. _-
Age I 1989 1990 1991 1992 1993 1994 ,=< 1996 , 177-" 

------+-------.----------------------~~--------------------------------
0 .01300 .02400 .02000 .01800·, .01700 .02000 .02500 .01900 
1 .03500 .03200 .03100 .04500 .03700 .03600 .04700 .03800 
2 .05200 .04700 .05800 .05500 ,05100 .05800 .05900 .05100 
3 .05900 .05700 .06300 .06600 .05800 .06200 .06600 .05800 
4 .06600 .06100 .07300 .07000 .06600 .07000 .07100 .06400 
5 .07100 .06700 .07400 .07900 n71nn .07600 nD"nn n.,. .. nn ..... , ...... .... u ... .., ... • ... r IUU 

6 .08700 .07000 • 08700 .08300 .08100 .08700 .09100 .07400 
7 .09300 .09600 .09700 .09100 .09300 .09300 .09100 .08700 
8 .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) 

_._---+------_.-----------------._-----------_._--------.. _-------------_ .. _---------_.----------------
Age 1977 1978 1979 1980 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 ~O1500 .01500 ,,01500 _01500 .01500 .01500 .01500" .01500 
2 .03800 .03800 .03800 .03800 .03800 .03800. .03800 .03800 .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 .0670Q • 06700 .06700 .06700 .06700 .06700 .06700 .06700 . .06700 
6 .07700 .07700 .07700 .07700. .• 07700 .07700 .07700 . .07700 .07700 .07700 .07700 .07700 
7 .G86GG .G86YO ~OS600 ,.08600 .086UO .08600 ,,08600 .08600 .. 08600 .08600 .08600 .08600 
8 .10000 .10000 .10000 .10000 ~ 10000 ,,10000 ,,10000 _ 1000tl .10.000 .10000. .10000, .100.0.0. 
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 _C!6400 .06200 .06400 .. 06000 .07200 .06900 
5 .06700 .06700 .07100 .06900 .07300 .06700 .07900 . • 07500 
6 .07700 .07900 .07500 .07600 .07600 .07000 .08000 .• 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 .100013 _10000 _10000 .10000 

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

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

------+--------------------------_._--------------------------------------------------------------~-~-. 
Age i 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 _____ .+ _________________________ ~~~~~~~~==~~~n; ___________________________ ._. __________________ . _______ 

0 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 
1 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .330.00 .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 .3300.0 .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 .;!3000 .33000 .33000 .. 33000 _33000 _33000 ""nnn .33000 _33000 .33000 • ..;J ............ 
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7 .33000 '.33000 .33000 .33000 ,33000 .33000 .33000 .33000 .33000 ' .33000 .33000 .33000 
a .33000· .33000 ':II'':II'ftnn' T?n"';" .33000 ":I!''':I!'nnn ':II'''Zl'Inn ':I'''Zl'lnn .33000 .33000 .33000 .33000 .JJVV'" ............. '" ................ ....... vu ... .JJVVV 

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 

------+------------------------------------------------------------------------------------------------
Un1.ts 

Natural Mortality (per year) Table 8.10.1: (cont' d) 
-----------------------------

------.---------------------------------------------------------------~ -----
Age 1989 1990 1991 1992 1993 1994 1995 1996 
------+--------------------------------~---~--~------------~-~~~------

0 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 
1 .33000 .33000 .33000 .33000 .33000' .33000 .33000 .33000 
~ .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 
3 .33000 .33000 .33000 .33000 .33000 .33000 .33000 .33000 
4 .33000 .33000 .33000 .33000 33000 .33000 .33uOO .33000 
5 .33000 .33000 .33000 .33000 .330,00 .3300~l ~33000 ,,3300P 
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 

Proportion of fish spawning 

------+------~---------------~~---------------------------------~--------------------------------------
Age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987' 1988 
------+--------------~------~----~------------~-----~~-------~--------~--------------------------------a .0000 . .OGOG • 0000 .0000 .0'000 .0000 .GGGG- ""i.;'" .GGG~ """',, n ... "" "nn,,· . . "'''''''''' ."'''' ... .., • ..,..,v.., .v ...... u 

1 .6500 .6500 .6500 .6500 .6500 . .6500 .65'00 .6500 .6500 .6500 .6500 .6500 
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 :gggg 1.0000 1.0000 1.0000 1.0000 
5 1.0000 "1.0006 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 . 1.0000 
6 I 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 i.OOOG i.GOOG i .0000' i .Oalm i .0000 i.GOOO , .0000 1.0000 • "" ...... • "",," • nnn ... ' 

I I."'.., ...... I .... ,,", ...... I ............. 

8 '.0000 1.0000 1.0000 1.0000 '1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
9 

I 
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 1989 1990 1991 1992 1993 1994 ,. 1995 1996 
------+----------------.-----------------------~------ .----------------o .0000.0000.0000.0000.0000.0000 . .0000 .0000 

, .2300 .6000 .7400 .7900 .4700 .8000.7300" .8300 
2 .8300 .8100 .9100 .9100 .9300 .8900 ;9800 ,8900 
3 .. 9100 .8800 .9600 .9500 .9400 _960'0 .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 1.00illi 1.0000 1.0000 1.0000 
9 1.0000 1.0000 1.0000 1.0000 1.0000. 1.0000 1,0000 1.0000 

10 'i.0000 'i.OOOO i.QOOO i .0aGa i .0000 i .0000 i.OOOa i .OOOG 
11 1.0000 , .0000 , .0000 1.0000 1.0000 1.0000 1.0000 1.0000 
------+----.------------------------------------~----- -----------_.----

Units 

AGE . STRUCTURED INOICES 

ACUSP: ,Portuguese -Spring AS (Catch: Urikn 
-------~~~~-----~---------------~~-------

------+------~-~~------~--------~-----~----------~---~----------------------.-----------.------------~-
Age 1986 1987 1988 1989 1~O 1991 1~2 1993 1994 1995 1996 1997 
------+---------~-.-------------~-----~~~----------------------------~--~----~~---------~-------~----~~ 

1 2343;9 1.0 7743.0 1.0 1.0 1.0 1.0 1.0 1.0' 2~8.4 1294.6 4299.0 
2 4024.7 1.0 2684.2 1.0'. 1;0 1.0 1.0 1.0 1.0 237.1 1153.7 2437.0.: 
3 1544.-5 1.0.' 1617.2 1.0 1.0 1.0 1.0 1.0 1.0 2110.9 933.6 iS55.0 
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i I 
"' .. .., .,. 
;111.;;1 

4711.6 
21.3 

1.0 : 
1.0 
1.0 

804.1 
425.3 • 

i .. O 
1.-0 
1.0 

1.0 
1.0 
1.0 

LO 
1..0 
1.0 

LO 
1 .• 0: 
1.0 

1.0 2949.0 2213.0 1725 .. 0 
1.0 729.7 303.8' 1836.0 
1.0 128.2 4.6· 239.0 

---.. -+----------------~---------------------------------------~--------------------------------~------
Thousands 

. ':-'i' 

Table S.10.1: (cont'd) 
,'ACUST: Spanhh-· Spring' AS (Catch: Unknown 

------+-----------------------------------------~----- -----------------------------._--
A;a I 1988 1989 1990 1991 1992 1993 1994 1995 1996 ,,,.,, 
------+-------------------------------~---~----------- ---------------------------------

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 90.55126.03 
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 ,,'7:. nn 900.00 134.00 16.00 "lit:: nn '4& ...... • Oft • On 14.74 38.41 , .......... "" .... '1,1'1,1 .,.IQ."''''' 1,'1,1'1,1 g •• n .. 

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 

Fishing Mortality (per, year) 

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

0 I '.08342 .07544 .04863 .06139 .10760 .00834 .05460 .01437 .04848 .05105 .05549 .06816 
j I .36970 .36415 .. 20634 .. 24098 .22304 .12664 .11327 .27515 . ;02il .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 .0536.0 .1435.9 .31153 .49385 .50637 .29284 .45582 .49542 .60854 
7 .00259 .00288 .00288 .00268 .• 0025.6 ,00284 .00398 .00650 .00805 .14511 .15771 .19372 
a I .00325 .00361 .00407 .00402 .00374 .00357 .00397 .. 00557 .00911 .01653 .01796 ,02206 
9 ~OO508 .00454 ,,'00504 ,,00563; i ,,00568 .00523 .00499 .00554 .00936 .01961 .02131 .02618 

10 I .00649 .00710 .00634 .00706 .00788 .00795. .00732 .00838 .00776 .• 01097 .01192 .01464 
11 I .00649 .00710 .00634 .00706 .00788 .00795 .00732 .00838 .00776 .01097 .01192 .01464 ------+----------------_. __ ._-_._---------_._------_ .... _-_ ... __ ... __ .... _ ... __ . __ ..... _---------------

Units 

Fishing Mortality (per year) 

------+----------------_._------------_ .. _---------------_._---_._-----
AnA I 1989 1990 1991 1992 1993 1994 1995 'no< n,=,,, I 177U 

------+----------------------_._-_._--_ .. _-_._---------------_._ .... _.-
0 .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 .4.9111 .61718 .52912 .52327 .68133 
5 .5SOJ..3 "_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 .02m .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 Abundance (1 January) 

------+----------------------------------------------- .--~-------.-----."------.-------~--------------. 
Age I 1977 1978 1979 1980, 1981 1982 1983 1984 1985 1986 1987 1988 
.-----+-----------.--~---.--"--------------------------------------.-------.------~--".----------------

0 I 1~-:Z:Z:::" 13770. 1I:DD'Z "'LI:~ •• """L .,~ "'7~~H ......... , 6392 .. _ 5i9S .. 10050. 5706. .......... , .......... ~ I.., ... ' .... I 1I I .... gojOll .. ~\,Ig. g.,.o<+. 

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. B70 •. 880. 632. 966. 
6 568. 587. 651. 674 •. 664. 561. 413. 338. 463. 461. 418. 290. 
7 454. 408 .. 408 . . ": 438. ~_.:n 414. ,", . .. ." 249 .. 210. .-1S3., ..... ~ . "'''J • Igl. I ....... 

253 



8 i 362. 326. 292. 293. 314. 329.. 297. 212. 129. 104. 155. 129. 
9 I 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 I 1810 166.186. 167. 150. 148. 177. 141. 152. 108. 99. ~1. 

~----.+----------------------.--------------------------------_._ .. _--_ .. _----_ .. _------------_.---------
Thousands 

-
T .... i..l60.- V ~n'1. I .... ..:....;,-t',n 
.... AU .. ,.;; u.~v • ..&.. \,",VU" 'U>j 

------+-------------------------------------------------------~----~~----------
Age 1989 1990 1991 1992 1993 1994 i995- 1996 i997 
.. ---- -+- _.--_ .. ------------------- .... _---_.--_ ...... ..; ----- .. -_ ........ ---_ .. -- .'. ---- .. ----_ .. 

0 5459. 4864. 13302. 9584-.; ~~ 2347. 2559. 12~9. 5025. 5377; 
1 3832. 3667. 3195. 8897. ·6492. 1566. 1726. 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. 131'6. 978, 210. 
S 466. 286. iSL 335. 210. 206. iY2. -- 56L 356. 
6 400. 193. 99. 73; 149. 85. 88. S3~ 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. 1'1. 9. 16. 
11 81. 61. 76. 92. 74. 86. 87. 67; 53. 

------+---------------_ .. _-----_._--------------_ ...... _-_ .... _--_._------_ ... . 
ThQysa!'\d!i 

Weighting factors for the catches in number 
-- .. ---.----------------~.~----~---~.~-~----

----.-+--.-.-~---------.--------~-----~---.---.------------------------_ ... _-----------_._ .. _--
Age .! 1986 1987 1988 1989 _ 1990 1991 1992 1993 1994 1995 1996 
------+---------~-~------~----~---------------------------'----~-------------------------- .. ---~-o .5000 .5000 .5000· .5000 .5000· .5000· .• 5000 .5000 .5000 .5000 .5000 

1 nnnn ,.vvvv 1-~OOOO ,'.occo .. .... ...... ... 
I ............. ... 

2 1.0000!1.00001.0000 1.0000 1.00001.0000 
3 1.0000 . ·1 ;0000 1.0000 1.0000 1.0000· 1.0000 
4 1.0000 ,1.0000 1.0000 1.0000 1.00001.0000 
5 1.0000 LOOOO 1.0000 . 1.0000' 1.00001.0000 
6 1.0000 1.0000·1.0000 1.0000 1.0000 1.0000 

1.0000 ·,~OOOO 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.0100 

1.0000 
1.0000 
1.0000 
1.0000' 
1.0000 
.• 0100 

~ ......... ... 
I ..... UUU 

1.0000. 
1.0000 
1.0000 
1.0000 
1.0000 

.0100 7 I .0100 ,0100 .0100·' .0100 ;0100 .0100 
! I .0100 .0100 .010tl' .0100' .C1CC .. 010C .. C10Q .0100 .0100' 
9 .0100- .0100 .0100 .0100 .0100 .0100 .0100 .0100 .0100 

10 .0100·' .0100 .0100 .0100 .0100 .0100 .0100 .0100 .0100 

' .. 0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.0100 

.0100 

.0100 

.0100 

, .0000 
\.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.0100 

.0100 

.0100 

.0100 
----~-+--.----------.-------.----.- .. ~---.--~------ .. -.--------.---~----.----.-.------ .... ---------

Units 

Predicted Age-Structured Index ValUes 

ACUSP: Portuguese Spring AS (Catch: UnknPredict~ 

.. _ .. -- -+---- .. -- --- ---------- - -_ .. --- --.- ------ ---- ~------'- ~"- ----- .'-- -- --..;-- - -.- .";'- --'- -- ---'~,-,- _. -;.",:._-- - -'-
Age I 1986 1987 1988 1989 1990 19911992" 1993 1994 1995 ·1996 1997. 
------+----------_ ... _--------------------------------~--~-- .. ---~----------------~---.~--------------- .. 

1 I 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 I 4534.8 1.0 2441.0 1.0 1_0 1.0 1.0 i.O 1.0 i062.7 1145.4 536.,8' 
3 5003.9 1.0 1794.9 1.0 1.0 1.0 1.0 1.0 1.Q 2461.2 584.8 594.4 
4 I 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 1.0266.4 742.2 471.0 
6 176.2 1.0 106.0 1.0 1.0. 1.0 .. ·1.0 .. 1.0, 1.0 .32.7 ·29.2 ,72.8· 

.-----+----------------.----------------- .. -- .. --~~.~-----.--------- .. --.---------.-~-----~~-- .. -~---~----
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 ;55.37 :~; i8 .24 2i 1,.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 i7.94 '20.38 . '2i.89 18.29 11.33 14.84 1.00 3.85 3.04 5.55 
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l' ! 5 .. 44 5.45 4.12 5.13 6.22 4.95 1.00 5.84' 4.49 3.59 
Table 8.10.1: (cont'd) 

--~---+-~.---.. ------... -.. ----------------.------------------------~------------------
Thousands 

Fitted SeLection Pattern 

------+-----.------------------------------------------------------------------------------------------
Age I 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 
=~====*===============-====--------------------------- -------------------------------------------------

0 .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 
L .0075 .1212 .2158 .1318 .3652 .7666 2.1636 3.3155 .780i 2.0((, 2.0777 2.0771 0 

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 
------+----------------------------------------------------------------

0 I .2327 .2327 .2327 .2327 .2327 .2327 .2327 .2327 
1 .4971 .4971 .4971 .4971 .4971 .4971 .4971 .4971 
2 I 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
3 1.7110 1.7110 '.7110 • .,. •• n of .,. .... n • ., ....... .. ., ........ 1.11"10 

I 
•• , I .... •• f I IU .. , ...... •• I I IU 

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 2.0771 2.0771 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 nC:r"In n~nn ... 1:: ........ .0500 • W,Juu ............. .u ......... 

11 .0500 • 0500 .0500 .0500 .0500 .0500 .0500 .0500 
.--~--+--.-------------------------------.-----------. -----------------

Ufii ts 

STOCK SUMMARY 
-------------

I 
Year 

I 
Recruits Total Spawning I Landings I Yieldl Mean F SoP 
Age 0 Biomass Biomass SSB Ages 
thousands tonnes tonnes tonnes ratio 2· 5 (X) 

. "~ .. "!I"l!'I::""I""I, .... ~n"!lft ... 619'"'d1· 125750 .c03i .0886 123 17' , .'-" .. ~, .. u ' ...... 'Q7 

1978 13769980 759192 628073 139990 .22<9 .1388 117 
1979 15883360 763313 624829 153441 .2456 .1976 102 
i980 i6575250 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 i0049550 547i79 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 
i994 25594iO 416842 322598 i32800 .4il7 .4490 100 
1995 1248740 368158 290475 121384 .4179 .4441 99 
1996 5025100 246037 186657 111431 .5970 .5782 100 

I FAP run code: 103 

------.----------------------_ .. _--------------------------------
No of years for separable analysis -11 
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Ase· ~a!1se· ·-'t ~:' 'th~' ana t ys i s 
Year range in the analysis 
Number of indices of SSB 

Cl 11 
1977 1996 
o 

NWI~r of age-structured irdices 2 
Parameters to estimate 58 
Number of observations 250 

Conventional single selection vector model to be fitted . 

...................... ~,--".", ............ ,. ......................... -.................. ~,""""''''''' ':" ........................ .. 

PARAMETER ESTlIlATES 
i'"'' . 

I parml I Maxi.... I I I No. ,Lik~l ih. CV I Lower Upper -s .. e. +s~e .. 
- '-Es tl mate (%) 95% CL 95% CL 

Separable Mode~': Reference F·by_ year 
1 1986 .2194 21 ·.1445 .3331 .1m .2715 
2 1987 .2384 19 ..• 1618 .3513 .1957 .2906 
3 1988 . .2929 18 .2033 .4219 .2431 .3528 
4 1989 • 2925 18 .2042 .4191 .2435 .3515 
5 1990 .3871 18 .2706 .5538 .3225 .4647 
6 1991 .3104 19 .2108 .45n .2548 .3783 
7 1992 .2560 19 .1733 .3783 .2098 .3124 
8 1993 .3217 19 .2186 .4735 .2642 .3919 
9 1994 .2758 21 .1826 .4166 .2235 .3404 

10 1995 .2728 22 .. 1752 .4248 .2176 .. 3419 
11 1996 .3552 26 .2102 • 6002 .2718 . ,4642 

Separable Model: Selection (S) by age 
12 0 .2327 19 .1575 .3437 .1907 .2839 
13 1 .4971 16 .3630 .6807 .4234 .5835 

2 1.0000 Fixed:. Reference: age 
14 3 1.7110 15 .. ~C~L ~ '11''11'1:'7 .. ,L-I::~"'D ,~, nnl:L ........... ., .... JJ ... , 1 ........ 7U ' .................. 
15 4 1.9183 19 1.2997 2.8314 . 1.5n7 '2.3398 
16 5 1.8822 33 .9793 3.6176 1.3487 :2.6269 
17 6 2.0777 62 .6109 7.0658 1.1127 3.8797 
18 7 .6614 135 .0463 9.4497 .1703 2.5688 
19 8 .0753 149 .0040 1.4161 .0169 .3365 
20 9 .0894 149 .0047 1.68n .0200 ;4001 

10 .0500 Fixad .: 1 ... _ ....... _ ... _ ... 
~CI~" .. , ...... ... ~ ... 

Separable Model: Populations in year 1996 
2i 0 5025i06 4; 1972673 i2600;41 31 i8517 609;163 
22 1 842534 31 453242 1566190 614061 1156015 
23 2 1083284 26 650552 1803860 835126 1405181 
24 3 537100 24 331922 869109 420158 686590 
25 4 978266 27 5n868 1670548 744534 1285374 
26 5 560715 36 276367 1137621 390822 804461 
27 6 82771 54 28406 241179 47963 142839 

I 
Mean of I 
Par:am. 
distrib. , 

.2244 

.2432 

.2980 . 

.2975 

.3936 

.3166 

.2611 

.3280 

.2820 

.. 2798 

.3681 

.2374 

.5035 

.. ~~"7 
I. , ...... , 

1.9565 
,1;9898 
' 2.5250 
: 1.6605 

.2309 

.2749 

5630;59 
885757 

1120574 
553539 

1015415 
598459 
96057 

28 7 35980 y~ 5640 229506 i3979 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 i89832 2694 28809 17773 

Separable Model: Populations at age 10 
32 1986 107694 359 93 123908252 2954 39253n 69189797 
33 '987 65021 267 345 122469"'04 4491 941363 2312632 
34 1988 51987 152 2622 1030552 11326 238628 166025 
35 1989 76436 137 5182 112n62 19364 301709 196179 
36 i990 63507 i i5 6546 6'16125 19922 20;2449 iz4360 
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 -Spr,ing AS (Catch: Unkn 

Linear model fitted. Slopes at age: 
42 i Q .7966 43 .5266 2.854 .-7966 1.887 1' .. 345 
43 2 g , .290 42 .8579 4.533' 1.290 3.015 2.158 
44 3 Q 1.429 43 .9420 5.165 1.429 3,405 2.424 
45 4 Q 2.378 46 1.515 9.556 2.378 6.086 4.249 
46 5 Q 1.768 56 1.030 9.363 1.768 5.453 3.639 
47 6 Q .4802 78 .2268 4.848 .4802 2.290 1.423 
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''':,;. Table 8.10.1: (cont'd) 
Linear model fitted4 Slopes at age: 

" 48 Q .<DDDE-Dl 41 • 1341E"01 .6862E-Ol .2000E-Dl .4600E-Ol .33D8E-Ol 
49 2 Q .. 6S20E-01 41 44574E-01 _2336 LO"I"I~_n1 "C:L'7 ~""''7 4""""'e. ... ~- ... 1 .. I ... U" _ I 1'1 

50 3 Q _1237 42 .8225E-Ol _4352 .1237 .2894 _2071 
51 4 Q .2126 45 .1372 .8216 .2126 .5300 .3726 
52 5 Q .4049 54 .2399 2.035 .4049 1.205 .8107 
53 6 Q .6766 76 .3240 6.553 .6766 3.138 1.956 
54 7 Q .8143 108 .2883 20.01 .8143 7.084 4.311 
55 8 Q .TT75 120 .2447 27.47 .TT75 8.644 5.354 
56 9 Q .4940 121 .. 1531 18_28 44940 5_668 'Z 1:.,'"J ........ e. .. 

57 10 Q .3814 122 .1171 14.53 .3814 4.463 2.779 
58 11 Q .7446E-Ol 42 .4932E-Ol ,.2653 • 7446E-Ol .1757 .1254 

" 

RESIDUALS ABOUT THE MOOEL FIT 

Separable Model Residuals 

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

0 .076 1.108 .314 -.228 -.425 .688 .036 -.496 -. I IS -.749 -.206 
I .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 -4082 -.342 -.086 -.100 .225 .106 .134 .831 
4 -.207 -.254 ·.334 - .. 185 ,,130 -.248 .061 .144 .481 -.052 .4Q2 
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 
8 -.196 -.852 -.875 -.701 -.498 - .541 _523 .770 1.163 .564 .767 
9 -.423 -.283 -.877 -.691 -.795 -.090 -.166 .477 1. 108 1.355 .485 

iO .• uOi .42i .. 440 .056 - .. 037 .363 1.034 536 1.564 2.049 2.024 
------+--------------~----------------.-----------.-----------------------------------~--------

Unhs 

AGE -STRUCTURED INDEX RESIDUALS 

ACUSP: Portuguese Spring AS (Catch: Unkn 

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

I -.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 -'.000 -.498 -1.000 -1.000 ~1.000 ~LOCO ~1.COC ~1.000 • nn. 0 .~ • un 

, ....... IWI _rJ7J I .... IWI ... 

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 

AOJST: Spanish Spring AS (Catch: Unknown 

------+-----------------------------.~~--------------- ---------------------------------, 
1988 .~~ .~n 

n •• I l'7g7 1'7"7"" 1991 IYY' I""~ IYY,+ .n~ 'YYO 'YY( ______ + ________________ ~ _____________ M ________________ _________________________________ 

I .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 -.977 .383 -1.000 -.997 .853 1.305 
5 1.041 -.655 .034 .096 .088 .783 -1.000 -1.161 .264 -.502 
< ... • J.on ~.~ , n. - ,~~ 1.714 -1.000 -1.689 -1.025 -.982 u • 'ollWl ' ... IWI ... ........ J ... 10,,11;;1 .",,'1 

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 
I I -1.694 .703 1.720 .444 .252 3. I 19 -1.000 -1.765 -1.501 -1.278 
------+------------------------.--~------------------- ------------------------_._------

Units 

PARAMETERS OF THE DISTRIBUTION OF In CATCHES AT AGE 

257 



Separable model fitted from 1986 to 1996 
iiad ance .0994 

Table 8.10.1: (cont'd) 
.",. 

Skewness test statistic ~Q853 
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 cetchabftity relationship a5s~~. 

Age 2 3 4 5 6 
Variance .1713 .1901 .. i067 .2i35 .. 2Q30 .5436 
Skewness test state - - _9064 .0180 - - .3177 -.0917 .3347 -.3763 
Kurtosis test stat. - .2590 - .2397 - ;3895 -.3241 -.7851 -.8265 
Partial chi-square .0489 .0562 .0297 .0620 .0613 .1951 
Significance in fit .0003 .0004 .0001 .0005 .0005 .0045 
Nt.mber of data 5 5 5 5 5 5 
Degrees of freedom 4 4 4 4 4 4 
I.·_t_'--.o.. in analysis ........ -, .. ~ "., .. i667 .1667 .. 1667 .. i667 WCI!:IflL .. Iggl .. 1001 

DISTRIBUTION STATISTICS FOR ACUST: Spanish Spring AS (Catch: Unknown 

Linear catchability relationship assumed. 

Age 1 2 3 4 5 6 7 8 ··9 10 
Variance .0222 .0937 .0344 .0798 .0434 .1192 .0750 .2582 .1no _2223 
skewness test stat4 -.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 
Number af data 9 9 9 9 9 9 9 9 9 9 
Degrees of freedom 8 8 8 8 8 a a a 8 a 
Weight in analysis .0909 .0909 .0909 .0909 .0909 .0909 .0909 .0909 .'0909 .0909 

ANAlYS!S OF VARIANCE TABLE 
-----------~-~~-----------

Unweighted Statistics 

:-SSQ Data Params d.f. 
Variance 

Total for Mode.L 249.0266 250 58 192 1.2970 
Catches at 'Age 92.9495 121 41 80 1.1619 

Aged Indices 
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 

Weighted Statistics 

SSQ Cata P'aiaiiiSi " . u. I. 

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: C'_ ......... J.. co ......... •• CCatch: Unlmoii , "nL.1: M 11 88 " •• 1 ... ,.....".~ .. ~I"" III::J ...... I ............. " .1,11 ... 
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Table 8.13.1a 

Sardine in the Southern Area (Fishing Areas Vlllc and [Xa) 

Prediction with management _option table: lnput"data 

Year: 1997 

Stock Natural Matur.itylprop"of--Flprop"of MI Weight E'XPlOit.!, Weight ._- si:te ___ .. _1 : .... ogive '---" --_ .. bef .spaw. in stocK pattern in catch 

, 

-.~ 

0 2004000.0 
1 3498000.0 
2 538000.00 
3 569000.00 
4 217000.00 
c '21:..Lnnn nn 

6 i7000.000 

6 1196000:001 
7 124000.0001 

9 
10 
11+ 

Unit 

Age 

0 . , 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ii+ 

Unit 

11000.000 
12000.000 
58000.000 

Thousands 

Recruit-
ment 

2004000.0 

Thousands 

" ..... , .. g", 1.7 

0.2500 
0.2500 
0.2500 
0.2500 
0.2500 
n ,.,c.nn 

0:-25001 
0. 2500 1 
0.2500 
0.2500 
0.2500 
0.2500 

. 

Natural 
mortality 

0.2500 - ----U.OUUI 
0_::::'500 

0:25001 
0.2500 
0.2500 
0.2500 
0.2500 
0.2500 
0.2500 
0.250°1 
0.2500 

-

Age 
Recruit- 'I Natural i

l ment I morta t i t y_, 

0 
1 
2 
3 
4 
5 
6 
7 
A -
9 

10 
11+ 

Unit 

2004000.0 

· · 

· · 
Thousands , 

Notes: Run n;!!'r!e 

, 

0.2500 
0.2500 
0.2500 
0.2500 
0.2500 

0.2500 

0.2500 
0.2500 I 
0.2500 I 
0.2500 
0.2500 
0.2500 

- , 

. 

0.0000 
0.7300 
0.9200 
0.9500 
0.9700 
n tv'I.7'" "" .. 77"'''''1 
1.0000 
1.0000 1 
1.0000 
1.0000 
1.0000 
1.0000 

· 

Maturity 
ogive, 

0.0000 
- ---
U~(')UUI 

~:~~~~I 
0.9700 
0.9930 
1.0000 
1.0000 
1.0000 
1.0000 
1 : 111111111 
, .0000 

· 

0.0000 
0.7300 
0.9200 
0.9500 
0.9700 

1.CCeD 

0.9930 
1.00001 
1.00001 

1.0000 
1.0000 
1.0000 

· , 

Date and time: 15SEP97:20:20 

'-'C r .. ~pclW .. 

0.2500 
0.2500 
0.2500 
0.2500 
0.2500 
n .. ~ ...... 

0.2500 

u",c;;;JIUUI 
0.2500 
0. 2500 1 

0.2500 
0.2500 
0.2500 

. 

y ,ooo. 

0.2500 
0.2500 
0.2500 
0.2500 
0.2500 
A ... .,."' ... 

0.2500 

U.~:;;IUUI 

0.2500 
0.25001 

0.2500 
0.2500 
0.2500 

. 

.ear: • # #-

Prop. of F 
bef.spaw. 

0.2500 
.. ----u,")UUI 

~:~~~~I 
0.2500 
0.2500 
0.2500 
0.2500 
0.2500 

~:~~~gl 
0. 25001 

Prop.of M 
bef.spaw. 

0.2500 
.. ~---
U .. Z~OOI 
n ?l:Onn 
ii: zsiiii I 
0.2500 
0.2500 
0.2500 
0.2500 
0.2500 

~:~~~gl 
0. 2500 1 

0.000 
0.027 
0.043 
0.055 
0.065 - --U"U'''I 
0.077 
0:0911 
0.100 
0.100 
0.100 
0.100 

K; legr-ams 

Weight 
in .stock. -

0.000 
---

0. 027 1 

~:'~~~ I 
0.065 
0.072 
0.077 
0.091 
0.100 

~: i~~1 
0. 100 1 

- I - I Ki Lograms I 

Year: 1999 

0.2500 
0.2500 
0.2500 
0.2500 
0.2500 

n nn 

0.2500 
0.25001 
0. 2500 1 

'c u ............ 

0.2500 
0.2500 
0.2500 

. , 

0.2500 
0.2500 
0.2500 
0.2500 
0.2500 

0.2500 

0.2500 
0.2500 I 
0. 2500 1 

0.2500 
0.2500 
0.2500 

. -
I 
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0.000 
0.027 
0.043 
0.055 
0.065 

0.100 

0.072 
0.0771 
0. 091 1 

0.100 
0.100 
0.100 

Kilograms 
I 

0.0692 
0.1485 
0.3022 
0.5215 
0.5955 ... ~- .... 
u.ouq." I 
~:~=I 
0.0269 
0.0314 
0.0151 
0.0151 

. 

Exploit. 
pattern 

0.0692 
0. 1485 1 

~:;i~;1 
0.5955 
0.6042 
0.7080 
0.2086 
0.0269 

g:g~~il 
0. 0151 1 

0.020 
0.039 
0.055 
0.062 
0.069 - -_# 

0.096 
0.100 
0.100 
0.100 

!Ci lQgrams 

Weight 
in catch 

0.020 
0. 0391 
n nt::t:: 

0:0621 
0.069 
0.076 
0.084 
0.092 
0.096 

~: ~-~~-I 
0. 100 1 

- I le; logr-ams I 

I 

:~~~~~:'I ........... ," I 
0.0692 
0.1485 
0.3022 
0.5215 
0.5955 

0~O269 

0.6042 
0.70801 
0. 20861 

0.0314 
0.0151 
0.0151 

-
I 

0.020 
0.039 
0.055 
0.062 
0.069 

0.096 

0.076 
0.0841 
0. 092 1 

0.100 
0.100 
0.100 

Ki lograms 
I 
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Table S.13.1b 

Sardine in the Southern Area (Fishing Areas Vlllc and ·IXa) 

I 

Age 

0 
1 
2 
3 
4 . 

8 
9 

10 
11+ 

Unit 

Age 

0 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11+ 

UnU 

,.,ge 

0 
1 
2 
3 
4 
• 
6 
7 
0 

9 
10 
11+ 

Unit 

Stock 
size 

4901000.0 
3498000.0 
538000.00 
569000.00 
217000.00 -.. ~ .............. 

17000.000 
11000.000 
12000.000 
58000.000 

Thousands 

Recruit-
ment 

4901000.0 

Prediction with management-option table: [npOt'data 

Year: 1997 

1 Natura'l I Mat':AritYI~r~p.of' FI~r~p.Of HI :_wei~ht. 'I. Ex~~oit·1 
!mortalitYI Qglve IDeToSpaWoIDeToSpaW_1 1n s~oCKI pa~~ern I 

. Weight,l 
1n ca'tcnr 

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 
0.2500 . 0.9200 0.2500 0.2500 0.043 0.3022 0.0551 . 
0.2500 0.9500 0.2500 0.2500 0.055 0.5215 . 0.062 
0.2500 0.9700 0.2500 0.2500 0.065 

. 0.5955 0.069 ............. --- ... ........... ........ _ ... - - -- ... '~ ... ~- ... ---~ u."::JUUI 

6:~~6~1 
UoY)l'.)UI 

i :~~~61 
U.,,:tuul 

6:~~~~1 
u,"",UUI 

~:~~661 
UoOU,+CI 

g:~:1 
0.2500 1.0000' 0.2500 0.2500 0.100 0.0269 0.096 
0.2500 1.0000' 0.2500 0.2500 0.100 0.0314 0.100 
0.2500 1.0000 0.2500 0.2500 0.100 0.0151 0.100 
0.2500 1 . 1.0000 0.2500 0.2500 0.100 0.0151 0.100 

- - - - Ki tQDrams - 1(1 Loarams 

v ......... ~OQD ......... '7 ...... 

NaturaL' Maturity' Prop. of F Prop. of M '. weight Exploit. Weight 
. 

mortality ogive bef.spaw. bef'~spaw~ in--stock pattern in catch 

0.2500 0.0000 0.2500 0.2500 0.000 0.0692 0.020 
0. 2500 1 0. 7300 1 0. 2500 1 0. 2500 1 0; 0271 
n -,cnr'l n n'llnn n .,.:nn n 'u:nn n n.f.'2' 

0:25001 0:95001 0:25001 0:25001· 0;0551 

0.14851 0. 0391 

~:;i~;1 ~:~:~I 
0.2500 0.9700 0.2500 0.2500 0;065 0.5955 0.069 
0.2500 0.9930 0.2500 0.2500 0.072 0.6042 0,076 
0.2500 1.0000 0.2500 0.2500 0.077 0.7080 0.084 
0.2500 1.0000 0.2500 0.2500 0;091 0.2086 0.092 
0.2500 1.0000 0.2500 0.2500 0.100 0.0269 0.096 
n ~lII:nn 1 nnnn n .,.:;:nn n ,c:.nn n 1:nn 

I 0:25001· i:;;;;;;;;1 ;;:25001 0:2500 I 0: ioo I ~:~~~tl g: ~~~t 
I 0. 2500 1 1.0000 I 0. 2500 1 0.2500 I 0. 100 1 0.01511 0.100 I 

I Thousands I I - I I IKilOgr~msl I Ki lograms I 

I 

I 
Recruit-l NaturaL 

merit irlorta~'i:ty 

4901000.0 0.2500 

· 0.2500 

· 0.2500 

· 0.2500 

· 0.2500 
n ':Ir::::."" 

U.,,;,UU 
0.2500 
0.2500 
0.2500 

Thousands . 
I 

ogive 

0.0000 
• 0.7300 

0.9200 
0.9500 
0.9700 
n ~n 

I.UUUU 

1.0000 
1.0000 . 
1.0000 • 

. 
I I 

Year: 1999 

ue~, .. ,spaw.' ...e ... spaw~ 'in stoc':: pattern 
~ Weight....l 
in eaten 

0.2~00 0.2500 0.000 0.0692 0.020 
0.2500 0.2500 0.027 0.1485 0.039 
0.2500 0.2500 0.043 0.3022 0.055 
0.2500 0.2500 0.055 0.5215 0.062 
0.2500 0.2500 0.065 0.5955 0.069 
n °n:.nn n ':Il:nn n n'7~ 1'\ Jt.n,-':I n n'7..c. 

U.":lUU U.<:::;'UU U.IVU U.U"OY' U.UYO 

0.2500 0.2500 0.100 0.0314 0.100 
0.2500 0.2500 0.100 0.0151 0.100 
0.2500 0.2500 0.100 0.0151 0.100 

. . K'1 Lograms - le; lograms 
I I I I I 

Notes: Run name MAijPCL02 
Date and time: 15SEP97:20:20 
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Table 8.13.2a 

18:59 Monday: Sept~r 15. 1997 
Sardine in the Southern Area (Fishing Areas VIIIc and IXa) 

Prediction with management- option table 

··~I ______ -r ______ -.ye_a_r_: __ 199 __ 7,-______ ,-______ ~I------~------_.y-ea-r-:--199--8,-______ ,-______ ~I-----y-ea-r,:--1999----~1 
I .-F IReferencel·· ,,_Stock SP.stockl Catch inl F I Reference I Stock .. I sP.stockl catch inl Stock I sP.stockl 

Factor F biolTliliSs 

1.0000 0.5059 217065 

· · · · 
· · 
· · 
· 

I 
I 

· 
-lonnes 

Notes: Run name 
Date and time 
Computation of ref. F 
Basis for 1997 

· 

· 
· 
· 
: 

biomass weight 

161025 63786 

1 · 

· · · · · 
- -
Tonnes I Tonnes 

MANPCL02 
15SEP97:20:20 

· 
· 

· 
· 
· 

Simple mean, age 2 ... 5 
F factors 

Factor 

0.0000 
0.1000 
0.2000 
0.3000 
0.4000 
... ----
U.:;lIUUUI 

~:~~~I 
0.8000 
0.9000 
1.0000 
1.1000 
1.2000 
1.3000 
1.40001 
1.500°1 
1 .Lnnn . ............. 
1.7000 
1.8000 
1.9000 
2.0000 
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F 

0.0000 
0.0506 
0.1012 
0.1518 
0.2023 
... ----
u.D~~1 

~:~ml 
0.4047 
0.4553 
0.5059 
0.5564 
0.6070 

~:~~~I 
0.75881 
n anol ........ ..-... 
0.8599 
0.9105 
0.9611 
1.0117 

biomass 

209935 

· 
· 
· 
· 

· 
· 
· 

Tonnes 

bi-amass 

178146 
176632 
175135 
173653 
172187 
.----
lfUf.lf I 
~~=I 
166479 
165090 
163715 
162355 
161009 

i~~rol 
1570561 
'11:J:7LL 
... JP ....... 

154489 
153226 
151976 
150739 

Tonnes 

we1gnt 

0 
7481 

14685 
21624 
28311 _._-
")4()(1 

!~~I 
52755 
58339 
63731 
68939 
73971 

~~~I 
88083

1 ~"IO~ 
70:;. ....... ' 

96737 
100857 
104846 
108710 

biomass 

251833 
24497,7 
238384 
232043 
225942 
"..,..-~--

It£:UUb9 1 

~~~~~I 
203718 
198660 
193782 
189078 
184539 

~~~~I 
!~!a~:1 
..... ' ... 7 .... 

164085 
160398 
156834 
153386 

Tonne~ J Tonnes I 

biornass 

216810 
208581 
200755 
193309 
186221 --_.-
1 (94(51 

i~g~~1 
161079 
155509 
150196 
145125 
140283 

i~~f4~1 
~~~!~I 
1~'7rg 

119112 
115415 
111875 
108484 

Tonnes I 



Table 8.13.2b 

Sardine in the Southern Area (Fishing Areas VIIlc and IXa) 

Prediction'with management "option table 

F . . rac ... or 

! " 1.0000 

" 

· 

· 
, . 
· · 
· · 
· , 

Year: 1997 I 
I i i i 
IRef.e~encel L.~tock, I ~J!~stockl·ca-~c~:.. inl 

l.I'iuii.aSS l.IiQ",aSS WEigu\. c 

0.5059 

· · 
· 

, . 

1 
1 ' • 

· 
· 
• • 

I 

217065 

-I·onnes 

· 
· 
· · 
: 1 

·1 

· 
· 
· · · 

-

161025 
.1 

· · · 
: 1 

·1 

· 
· · 
· 

-

67189 

· · 
· 
· 
:1 
·1 

· · · 
• 1 

I onnes I lonnes 

Notes: RI.I'1 name MANPCL02 
15SEP97:20:20 Date and time 

Computation of ref. 
Bas; s for 1997 

F Simple mean, age 2 • 5 
F factors 

F 
1'"6c"or 

0.'0000 
0 •. 1000 
0.,2000 
0.3000 
0.4000 
... P,",,,'" U.;;JUUUI 
0:6000 
0"7000 1 
0.8000 
,0.9000 
1.0000 
1.1000 
1.2000 
1.3000 
~ ·~~~~I 
1.!)UUU I 
1 Annn .. _---
1. 7000 
1.8000 
1.9000 
2.0000 
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Year: 1998 

c 

0.0000, 
0.0506 
0.1012 
0.1518 
0.2023 ... .......... 
U.C:~~YI 

0.3035 
0.354!1 
0.4047 
0.4553 
0.5059 
0.5564 
0.6070 
0.6576 
~·!:':l~~1 
u.f>58 1 
n ~nQk -.--.. ~ 
0.8599 
0.9105 
0.9611 
1.0117 

giOrTIaSS 

267481 

-Tonnes 

: 1 

·1 

. . 

18:59 Monday, September 15, 1297 

u'iOi'fiaSS 

-

217610 
215950 
214306 
212679 
211069 ......... , ..... 
'::;UY ... ,;;JI 
207897 
2063341 
204787 
203256 
201740 
200239 
198753 
197281 
1~5~~~1 
19451521 
10'OC:1i: ,,_ .... -
191539 
190138 
188752 
187378 

Tomes 

weljJn"[ 

-

0 
8903 

17511 
25837 
33895 
• • ,'u 
"'10"1''''1 

~~~~I 
63654 
70527 
77192 
83657 
82931 
96022 

lm~~11 
11':1i:''<'") . . _ ........ 
118687 
123962 
129092 
134083 

Tonnes 

Year: 1929 I 
"'.1' Stock ~~.stockl 

D10iiiass :1 C10lRaSS 

',384553:1 
376224 
368178 
360400 
352881 _ ....... -
,:,q.::tQUf'l 

~~~~~I 
325158 
318767 
312574 
306570 
300747 
295099 
2896171 
2842961 
''70"a. ... , ...... 
274108 
269230 
264489 
259878 

Tonnes 

320508 
310471 
300872 
291687 
282894 -_ .. -
I! fl+l+ r:; 1 

~=~I 
251251 
244134 
237302 
230741 
224438 
218380 
2125551 
2069511 
.,n'll;.l;.o ...... ,J~' 
196367 
191366 
186547 
181903 

Tonnes 



Table 8.14.1a 

Ssrqin!! in the Southern -Area (F_jshiiig.Ar~as 'vUle and i~aj 

Yierd per recruit: Input data 
. 

Recruit- Natural Maturity Prop. of F- Prop~of M Weight Exploit. :Weight 
Age ment·' _ mo,rtal ity ogive bet •• paw. bef •• paw. in_stO~ pattern in catch 

0 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11. 

Unit 

2004:000 

Millionsl 

0.3300 

~·~~~~I 
u.':)~uul 
0.3300 
0.3300 

. (l.3300 
0.3300 
0'.3300 
0.3300 
0.330°1 
0_3300 
1l:33001. 
. I 

0.0000 

~·~~!I 
U.Yltl.),! 
O~9500 
0.9717 
0.9933 
1.0000 
1.0000 
1.00.00 
i .OOOPI 
Lggggl 

Notes: Run name : YLDPeL03 
Date and time: 15SEP97:.19:47 

0.2500 
0.25001 
0.250°1 
0.2500 
0.2500 
0.2500 
0.2500 
0.2500 
0.2500 
0. 25001 

~:i~~~-I 

0.2500 
0.25001 
0. 2500 1 

. 0.2500 
0.2500 
0;2500 
0.2500 
0.2500 
0.2500 

O~OOO 

0.0271 
.0.043 1 
1'1 I"U:I:! 
....... JJ 

0.065 
0.072 
0.077 
0.091 
0.100 

0.25001 0 .. 1001 
n ~~nn n 4ft,.. 

0:25001 0:100] 

... 
Sardine in'the Southern Area (Fishing Areas VIIJc and IXa) 

Yield per recruit: Input data 

('U:!692 O~O20 
0.14851 0.0391 

~'~~~~I ~'~~~I 
U.J'I~ U.UgC 

0.5955 0.069 
0.6042 0.076 
0.7080 0.084 
0.2086 0.092 
0.0269 0.096 

~.~!41 ~'~~~I 
11,10\,11;;1111 u.-1uul 

0.0151IKil~;:1 

! Age 1 Recrult-I Na~uia-l I Matur;tylprQPoof Flpf~P~_Of HI Welsht 1 EXPloit~l weight 
ment_ mortal~ty, ogive Ibefospaw.jbef.spaw.1 in stock I pattern in catch 

0 
1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11. 

Ul"1it 

4901.000 ,0;3300 
... 

. 0;3300 
0.3300 
0.3300 
0.3300 
0.3300 

0.3300 
. 0.3300 
. 0.3300 

0.3300 

Millions . 

Notes: Run name YLDPCL03 

0.0000 
0.7267 
0.9183 
0.9500 
0.9717 
0.9933 
1 nnnnl 

; . 0000 1 . 
1.0000 
1.0000 
1.0000 
1.0000 

. 

Date and time: 15SEP97:19:47 

0.2500 
0.2500 
0.2500 
0.2500 
0.2500 
0.2500 
n ... "' ...... 1 
0'25001 
0.2500 
0.2500 
0.2500 
0.2500 

. 

0.2500 
0.2500 
0.2500 
0.2500 
0.2500 
0.2500 
00250011 
o 2500 . 
0.2500 
0.2500 
0.2500 
0.2500 

, 
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0.000 
0.027 
0.043 
0.055 
0.065 
0.~721 
o'U((1 
o n01 - --- . 
0.100 
0.100 
0.100 
0.100 

Kj logr-ams 

0.0692 
0.1485 
0.3022 
0.5215 
0.5955 
~·~~~I 
U. (UlSUI 
n ,nAA ~o ____ 

0.0269 
0.0314 
0.0151 
0.0151 

. 

, 
0.020 
0.039 
0.055 
0.062 
0.069 
0.076 
0. 054 1 
n no~ ...... , .. 
0.096 
0.100 
0.100 
0.100 

Kilograms 

18:59 Monday, September 15, 1997 

18:59 Monday, September 15, 1997 



Table 8.14.2a 

Sardine in the Southern Area (Fishing Areas Vlllc and IXa) 

YieLd per recruit: Summary table 

F I Reference I Catch inl Ca~c~ inl 
Factor I F I numbers I we,gnt I 

n·-0.0500 
0.1000 
0.1500 
0.2000 
0.2500 1 

~:;;~~I 
0.4000 
0.4500 
0.5000 
0.5500 
0.6000 

~:;~~~I 
~·~~~I u.ouuu 
0.8500 
0.9000 
0.9500 
1.0000 
1.0500 

~·~~~~I 
1.I;)UUI 
1.2000 
1.2500 
1.3000 
1.3500 
1.4000 
1.4500 

~:;;~~I 
~ ·~~~~I 
1.O!)UU 

0.0000 
0.0253 
0.0506 
0.0759 
0.1012 

-

0.1265 1 

~:~~I 
0.2023 
0.2276 
0.2529 
0.2782 
0.3035 
n -:t,)RR 

0:35411 

~·~~:I u.'tu .. , 
0.4300 
0.4553 
0.4806 
0.5059 
0.5311 

~·~~~I 
U.::JO 1'1 
0.6070 
0.6323 
0.6576 
0.6829 
0.7082 
0.7335 

0 
74910 

142425 
. 203455 

258789 
3091.10 1 

_i~~~~1 
4355.76 
471074 
503856 
534222 
562432 
~JUl71l.. 

602711 

:~~~~I 
678239 
'697452 

·715632 
752874 
749261 

~~~I 
f ("':::1/1 
793992 
807622 
820696 
833255 
845337 
856976 

U

o
" .• 7758488,1 DLD"!Inl. 8790471 
~.~~9~1 8895321 
U.Ci!io.4f 89968i 

·0.8599 909514 
0.8852 919051 
0.9105 928310 
0.9358 937305 

0 
4534. 
8526 

12048 
15.1~2 
--~~-

179201 
.,n'11..7 

225441 
24485 
26219 
Zml 

. 29164 

. 30416 
':t11:i:l..:-:" 

325671 

~~:~11 
.JI't.:J.:lIU 

35093 
35789 
36425 
37007 
37542 

~~?~~I 
.JIC"+Q;;lI1 

38903 
39289 
39647 
39978 
40286 
40573 

Stock 
size 

7129738 
6904919 
6702543 
6519831 
6354~tt 
bZ040941 

~m~1 
--'.-~ . -- . 

5827316 
5721823 
56245.16 
5534489 
5450950 

~~~~~I 
~~~~~~I 
5109082 
5052548 
4999104 
4948466 
4900383 

::~~~~II 
4769349 
4729485 
4691278 
4654602 
4619343 
4585400 
.l.1:1I:"!iL"7D 

45210971 

~~~~~!~I 
'1-""0-1 U:J f 

Ja~uary I 
Stock 

biomass_ 
sp:stockl- ~~.stockl 
s lZe I Cl amass I 

278092 
260173 
244.250 
230064 

.2017394 
~- --
2P604tsl 

'~::I 
178398 
170894 
164077 
157867 

.152193 

~~~~I 
. 1;;~!I 
I~~'~ 

4592386 
437,1770 
4173502 
:3994809 
3833287 -------
jbHbH~41 

~m~~~1 
332116, 
3219218 
~125394 
3038786 
2958602 

~~ml 
~~~~~~I 

o 129958 2632651 
126448 2579143 
123176 2528676 
120118 2480968 
117253 2435769 

~~~~~I ~~~~~~~I 
I I ''''&.71 '.;JI;;I'':;U~O 1 
109638 2313133 
1 07378 2275986 
105237 2240459 
103203 2206425 
101269 2173772 
99427 2142398 

:~I ~~~i~~~1 
94~!!1 ~~~~~~~I 
Y"C1.).) "U"OUUf 

260447 
. 242723 

226988 
212985 
200493 ------
lts9.s2U I 
i~~:1 
162162 
154813 
148149 
142087 
.136557 
n1i..CR 

izi856 1 

!~~~~~I 
I looot~ 

114996 
111612 
108463 
105526 
102780 

1~~~~1 
7, rcJ I 
95506 
93355 
91321 
89393 
87562 
85821 
al. '.Lo) 

825781 

~~~~I 
('1010 

.78227 
76893 
75612 
74379 

spawn~~9 time I 
Sp:stockl ~~.stockl 
s,ze I ClomaSS I 
4228722 
4008065 
3809676 
3630807 
3469074 
--~~- _. 
.s.s~o.lll 

~:~;I 
2956028 
2853880 
2759873 
2673106 
2592790 
'C;1J:t'~7 

24488421 

~~~?~:I 
<~"'""'" 

2266613 
2213147 
2162750 

. 2115139 
2070063 

~2;~~~1 
17ggQJ"t, 

1947946 
1911020 
1875734 
1841962 
1809591 
1778519 
~"7;'DLz:./. 

171991:;1 

~~~~~~I 
IOO:l:lUO 

1639714 
1614782 
1590659 
1567300 

239823 
i 222486 ' 

207100 
193411 

' '8,203 •. ------1 fUltsH 1 

~~~~i~1 
, 143787 

136626 
130137 
124239 
118865 
11':tO':;" 

;094501 

~2~~1~1 
111,,11. .. 70 

97974 
94707 
91672 
81!1i45 
86205 

~~I 
01"''"'1 79235 
77181 
75240 
73404 
71664 
70011 
LD/.'2:0 

669411 

~~~~~I "" ,-
62837 i 

61584 
60381 
59226 

00 1~ 7000 
1.7500 
1.8000 
1.8500 
1.9000 0.9611 946052 

4432469 
4404756 
4377869 
4351759 
4326383 

91351 2001828 
89926· 1976496 
88555 .1951960 
87233 1928173 
85959 1905093 73192 . .1544659 58116 

1·~~~~1 
".uuuul ~:~~I '~~~~~~I ~~01!~11 

Notes: Run name 
Date and time 
Computation of ref. 
F-O.1 factor 
F-max factor 
F-O.1 reference:F· 
F·rnax reference: F 
Recruitment 

: YLIlPCLd~ 
: 15SEP97: 19:47 

F: Sigpl,e mean~ :~ge-2 ~ 5 ' 
1.0849 
Not fol.Bld 
0.5488 
Not fourld 
2004 (Mill ions) 

gj~1 ::~~~I ~~~~I ~~~~~~I ~:~~~I 
fU"'~"1 l:Jul~'1 .:Jou'lcl 

Tonnes Thousands 
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Table 8.14.2b 

Sardine 1n the Southern Area (Fishing Areas Vlllc and IXa) 

Yield per recruit: Summary table 

January I 
F 

Factor 
I Reference I 
I F I 

0.0000 
0.0500 
0.1000 
0.1500 
0.2000 

-

0. 2500 1 
n ':Innn 

0:35001 
0.4000 
0.4500 
0.5000 
0.5500 
0.6000 
n I..::;nn 
0:70001 

~·~~~I 
u.ouuu 
0.8500 
0.9000 
0.9500 
1.0000 
1.0500 
1. 10001 

i :~~g~,t 
1.2500 
1.3000 
1.3500 
1.4000 
1.4500 

i:;;gg, 
! ·~~~I 
I .. O::JUU 

1.7000 
1.7500 
1.8000 
1.8500 
1.9000 
1.9500 1 
2.0000 

-

0.0000 
0.0253 
0.0506 
0.0759 
0.1012 
0. 1265 1 
n 1 1::.1 SI 

0:;7701 
0.2023 
0.2276 
0.2529 
0.2782 
0.3035 
n 7,;"AA 

0:35411 

~·~~!I 
u.~u'+, 

0.4300 
0.4553 
0.4806 
0.5059 
0.5311 

2"~~~:1 
0:60701 
0.6323 
0.6576 
0.6829 
0.7082 
0.7335 

~:ia:;1 
~·~~?~I 
U.Q.)"" 

0.8599 
0.8852 
0.9105 
0.9358 
0.9611 
0.9864 1 
1.0117 

-
Notes: Run name 

Catch inl ca~ch ;nl 
numbers I wefght I 

0 
183202 
348317 
497572 
632896 
755963

1 11':'11"''')0 

9709571 
1065249 
1152063 
1232236 
1306497 
1375488 

~:=;I 
!~~~~~I 
IgUQ.,.~g 

1658708 
1705695 
1750157 
1792324 
1832399 

~~~~~I 
19417931 
1975128 
2007101 
2037815 
2067363 
2095829 

~~~~~~rl 
~~~~~~I 
2224315 
2247640 
2270282 
2292282 
2313674 
23344921 
2354765 

Tho'usands 

0 
11088 
20852 
29466 
37080 

~~~llI 
59881 
64120 
67916 
71323 
74387 

~!!;I 
~~2~1 
~";;JI 

85824 
87526 
89081 
90505 
91812 

~~~~II 
95142 
96086 
96960 
97771 
98524 
99225 
~.~ 

1004871 
!~!~~~I 
IV-I::JO( 

102084 
102550 
102986 
103396 
103780 
1041411 
104480 

Tonnes 

Stack 
size 

17436549 
16886731 
16391797 
15944955 
15540320 
151727881 

i:;i;:~~1 
14251336 
13993340 
13755366 
13535195 
13330891 

~~~~~~I 
g~~~1 
12494816 
12356557 
12225853 
12102013 
11984419 

~~~~~~;II 
11663962 
11566470 
11473031 
11383336 
11297107 
11214093 

ii~~:~!1 
!~~~~~~~I 
IU"-lUUU-1 

10840084 
10m311 
10706555 
10642700 
10580641 
105202781 
10461523 

Thousands 

: YLDPCL03 
15SEP97: 19:47 

Stock 
biomass 

Sp.stockl sp"stoct! 
sfze I bfomass I 

680104 11231180 
636282 10691640 
597340 10206754 
562648 9769740 
531662 9374721 
~~~~I 90166031 

4565561 ;~:~:~I 
436292 8122261 
417939 7872949 
401268 7643492 
386081 7431681 
372204 7235583 

~~~~r- ~:~I 
~~~~~I ~~?~I 
.JI~IUOI O:::JII:::JI.JI 

317826 6438435 
309241 6307575 
301239 6184152 
293761 6067477 
286754 5956939 

~~!~ 1 ~~!??~ 1 
~'.JI7'QI ;J';J~Ig<t1 
268132 5657018 
262605 5566172 
257368 5479286 
252395 5396052 
247666 5316195 
243159 5239468 
"~QQt:7 

2347451 
~~~~I 
~~(u.).) 

223408 
219924 
216570 
213339 
210221 
207211 1 
204301 

Tonnes 

':"ILICLLn 

50945351 
~~~~~~~ 1 
4",),"(1.) 

4895689 
4833736 
4m730 
4715557 
4659112 
46042991 
4551030 

Thousands 

636952 
593604 
555123 
520878 
490327 

:E~il 
396585 
378613 
362313 
347488 
333965 

i'i6~rol 
~:~~I 
281236 
272959 
265259 
258076 
251359 

~~~~~~ 1 
c..JIyl ..... 1 
233571 
228310 
223335 
218620 
214143 
209885 

~~~;;rl 
~~~~~~I 
lY4(U'I 
191312 
188051 
184918 
181903 
178999 
1761981 
173496 

Tonnes 

Date and ti'me 
Cooputation of 
F-C.1 facto; 

ref. F: Simple mean, age 2 - 5 
1.0849 

F-max factor 
F~O.1 reference F 
F-max reference F 
Recrui'tment 

Not found 
0.5488 
NOt found 

: 4901 (Millions) 
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18:59 Monday. September 15, 1997 

Spawning time I 
spostoctl sp"stoctl 
sfze I bfomass 1 

10341799 
9802159 
9316977 
8879533 
8483998 
81253181 

~~i~1 
7229287 
6979475 
6749570 
6537371 
6340950 

;~~a;~~1 
~~~~;I 
5543249 
5412491 
5289239 
5172802 
5062565 

~~:II 
4763915 
4673607 
4587310 
4504718 
4425551 
4349562 

!;~~~~I 
~!~~~?I 
4U(')ltsl 
4010099 
3949124 
3890130 
3833001 
3777633 
37239261 
3671793 

Thousands 

586512 
544115 
506485 
473007 
443152 
4164591 

i~;~~;1 
351648 
334134 
318264 
303841 
290696 
?7a.c.ROZ 

2676721 
~~~~~I 
239605 
231617 
224195 
217281 
210825 

~~~~I 
1771111 
193779 
188754 
184008 
179518 
175262 
171220 

~~~;~I 
~~~~141 
l)OC(i::: 

153674 
150609 
147669 
144844 
142128 
1395131 
136993 

Tonnes 
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Figure 8.101a (conl'd) 
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Figure 8.10.1b (Cont'd) 
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Figure 8.10.1b (Coot'd), 

unlng u1agnOS-.;;1CS: "gea .I.naex .L a~ age ~ 

~ 
~ 
at 
If 
~ z: 

.6. 

1

1 .. 

i ... 
i 

I 

Stock NUMbers 
2 .1e6"] 

1 
_ l 

i..4eb 

0.7e6 

1 
01 
1977 

Index Prediction 

1.21 

11 .6. 
I ' 

11.5 

'" T 
I 
i 

_TT,I 
~'A 

I -:: 
1987 

Year 

+/-. sd 

I 
12.1 

i/kS 
I 

1997 

-UPA 

1\ = 

I 
12.7 

D.:! • 
1 .9 

-0.6'1 Expe.C.ted b..,Ua lue 

L 
-1 .2 .l Ll. 

~ Index Obseruation 

I 
I 
I 

I 
I 
I 

I 
I 

I 
I 
I 

un.ng .... agnosucs: Hgea .naex .L a< age .. 

Vear 
tJ..·Index- Prediction +~- sd_: -, ',UPA 

.. ' 1.8, '-' 
~. 

I 
~ 

~ 
'0' 0.9 .• 
" .6. at .6. Cl: 

0 .6. 
,1 5 11'.1 11.7 12.3 

1 -0.9 ~ 1\ Expected ~alue I 
-1.8J =.6. 

"" 

ll. ;: Index Obseruat ion 

278 

Catchability 
8e5 l .6. j I 1 

~ 6e5 -l / 1 .. .a 
E -jl ~ z: 

f 2e5... A :- f7Il= 1 
o I' I I I 1 

0 3e5 6e5 ge5 

Index Ualue 
.6. Index Obserua-ti'pn' - Fit,ted.,-Line _, 

.. 1.2
1 i::. • 1 .6. i ... D·:l ! OM 

.6. 
I I 

1987 ,1997 1 7 

L -0.6'1 T iMeLl 
1 .6. -1.2.l 

~ Ind~x Observation 

, 

Catchabi 1 i ty, 
'. 3~ce51 i 12 

I." 2. Oe5 ,1

1 

.6./.6.,1 
Cl: 1. Oe5 i::. 
~ '~ 

~V I 
u i I ' ". o 4.6e5 9.2e5 

Index Ualue 

tJ.. Index' Obseruat ion -' - 'Fi-tted ldne·-, 

~ .8..., '-' 1 .. 
~ .6. 
~ 
'0 0.9 .• 
• Cl: 

0 .6. ~ 

1 7 1987 .6. 1997 

-0.9 ~ Tb'lle A, 

, -1.J 

L.>L 

.6. 

6- 1 ndex Obseruat ion 



Figure S.10.lb (Cont'd) 
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Figure 8.10.1b (Cont'd) 
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Figure S.lO.le (Cont'd) 
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Figure 8.10.1e (CoDt'd) 
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9 ANCHOVY • GENERAL 

9.1 Unit Stocks 

The Working Group reviewed the basis for the discrimination of the stocksin$ub-area VllI arid Division 1Xa. No 
detailed study has. been made to discriminate sub-populations along-the whole European Atlantic distribution of the 
anchovy. Morphological studies have shown large variability among samples of anchovies coming from different 
areas from the central part of the Bay of Biscay to the West of Galicia (Prouzet and Metuzais, 1994, and Junquera 
1993). 'These authors explain that the variability is reflecting the different.environments which surround the 
developmentoLlarvae and juveniles at several recruitment zones in the studied areas. They suggest that the 
population xr..ay be structured. by ,SOlI'~ sub~populations-,or groups ,'wit;' a CyT!.3.in degrw of reproductive isolation. 

,: Several ,considerations,. like the well defi ... Tted spa\vning areas of t.'1e a.""lcho\'j',at t.'te: South-east corner of the Bay-of 
Biscay (Motos et aL; 1996), and the complement~'Y seasO!1~ lity of t.lJ.e fisheries along t."te coasts of the Bay of Biscay 
(showing a general migration pattern) (Prouzet et aL 1991 and 1994), makes the Working Group consider that the 
anchovy in. this area has to be dealt with as a single management unit for assessment purposes. 

The connections .Petween the population of the anchovy in the Bay of Biscay arid anchovies from other areas, either 
to the North or to the South isnotclear. Junquera (1993) suggested that the anchovy in the Central arid Western part 
of Division VllIc may be more closely related to the anchovy found off Western Galician coasts than with the 
anchovy at the South-east corner of the Bay of Biscay (where the major fishery takes place). Morphological studies, 
as mentioned previously, are influenced by environmental conditions and fwther investigations, especially on genetic 
characteristics are necessary in order to be more certain. The Working Group considers that for assessment and 
management purposes the anchovy population along the Atlantic Iberian coasts (Division 1Xa) should be dealt with 
as a ill&"iagement lli-nt independent of the one in iJ'ie Bay of Biscay. A fw--ttwr increase in the fisheries in these areas 
would allow a bett..er study of the dynamics of the a..,chovy in t.. ... .is area a.,d its cormection or not with anchovies from 
otl]er areas. 

9,2 Distribution of the Anchovy Fisberies 

Figures 9.2.1a-d gives the distribution of the fisheries directed on anchovy in Sub-area VllI and Division IXa for 
1996. In Sub-area VllI during the first quarter, the main fishery (predominantly the French fleet) is located around 
the Gironde estuary from 44°N up to 47"N. During the second quarter, the main landings (predominantly Spanish) 
were caught off the Southern part of the Bay of Biscay (south of 45°N), mainly in the Sub-areas VllIb 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) 
whereas along the Spanish coast only small catches are obtained by the Spanish flee~ with some noticeable catches 
from July to November in the central and eastern part of Division VllIc. 

In Division IXa, in 1996 a decrease in catches was recorded, especially in IXa North. Two distinct fisheries were 
obser ... ·ed: t.."'1e r ..... ""St one ·,.vas situated off North Portugal and t...'ie second one is located in the Bay of Cadiz. iviost of the 
catches are landed during the first and last quarter in the IXa Central North whereas, in the Bay of Cadiz, the 
principal landings appear during the last three quarters. 

Table 9.2.1 shows the distribution of catches of anchovy by quarters in the period 1991-1996. We can see that the 
distribution of the Sub-area VllI fishery is rather constant during this period: the main fishing areas are VllIc Eas~ 
VllIb and Villa. The distributions of catches in Division IXa mainly in 1995, but also in 1996 are different from the 
1991-1994 period. The total catches in Division IXa have increased substantially in the central areas of the Atlantic 
coasts (Sub-divisions IXa Central North) in 1995 and in 1996; increased sharply in 1995, but decreased in the 
Northern areas in 1996 (IXa North). Catches from Subdivision IXa South which sharply reduced in 1995 increased 
in 1996 to the same level as in 1993. Since the anchovy tends to be fished as heavily as possible because of its high 
price at market, in boih cases the changes in the iandings will probabiy be reflecting changes in the abundance of the 
anchovy resources in those areas (pestana "'U 1996). Historicaliy, catches to the West oi the foerian peninsula 
(from Sub-divisions IXa Central and North) have showed episodic increases (Junquera, 1986 and Pestana WO 
1996), probably due to environmental favorable conditions (Uriarte et aL 1996). 

9,3 Length Compositions by Fleet and by Country 

Tables 9.3.la and b show the anchovy length distributions in 1996 in Sub-area VllI and in Division IXa by quarter 
and Sub-divisions. 
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Annual length compositions of landings of the Bay of Biscay anchovy (Sub-area VIIT) 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.lengthdistributionS in Sub-area VIIT are plotted in Figure 9.3.1. The length of the anchovies landed ranges 
mainly from 12 and 16 cm during the first half of the year:' France presents some reduction in the size of a part of the 
anchovies-,landed in the second quarter; TlIisis due to the fact that pelagic trawlers retired from the fishery up to'the 
firsHlfJuneatld the French landings mainly correspondto'theporse seinerswhich can fish sntallanchovy close to 
the shore , On the other hand, the Spanish catches'of the second'quarter are characterised by bigger anchovies. This 
is dlie to the norrnal pattern ofavailability of anchovy to the purse seine Spanish fishery according to 'size'over'the 

, SpJ.illg fishing ,season (Uriar"£ &_~1otos, 1'993). For t.'te -second half-of the year " the' fleets continued:1o catCh -mairJy 
medilun size or big. 'aIlcho\ies -foll...'1d -in ~Spr" ... "lg. except for some Spa.noish catches from t."Ie fOu"" •. tl- qu.a..~er 'that'are 

: :pa..rtJy·based.on s!!'.a:!! 'a.'lchovy (0 age "group). 

In Division IXa (Figure 9.3.2), the mean length and weight'in the catch in Sub-division IXa south· aresiDaller 
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 1 o cm) in Sub-division IXa South during the first and the second halves of 
the year (seeTables 9.3.1a and b); The length distributions of catchesseemto·reflect the growth of the'l year· bid 
anchoviesduringthefrrst half of the year and to record the entry of new recruits in the fishery during the'second 
half.ofthe year. 
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Table 9.2.1 Ca,tch (t) distribution of AtilCHOVY fish"ries by quart"rs: and total in the period 1991--1996. 

QUARTER 1 DIVISION IX. SUB-ARBlI. VJ::n: _-::::::"-_-" 
Year IX. South I:Ca 'CS IXa eN i' IX. North V'J:J:.]:C West. !v:n:J C c:en1t:ral! nJ:lo J!!IaBt i VI:Ilb Vl:.Il:a V:n:ld 
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QUARTBR 3 :o:tVISION IX. SUB-AltBA. VJ::II ' ___ .,-_" 
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*~fl~_m~~~~ 
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10 ANCHOVY - SUB-AREA vm 

10.1 The Anchovy Fishery in 1996 

10.1.1 Fleets, scheme of fishing and regnlation 

Two fleets operate on anchovy in the Bay of Biscay: 

Spanish porse seine fleet: Operative mainly in the spring, when 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 and b. 
Until 1995, t.i.e Spar..is..i. ptlr'~~seiners v,rere allO\ved to fish a.."lchovy in' Sub-division VIITh only during t.lte Spring 
season a.n.d ll."lder a system of fishing licences (Anon. 1988); wJ:iile Division vm~:was dosed to them fo!' the whole 
year. SLTlce 1996 tills fleet ca.ll fi~h a.l1chovy throughout, the year Ln Sub-a.rea vm with the same system of fishing 
licences. 

French Pelagic Trawlers: Operative in summer, autunmand 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 as fishing season 
by the pelagic trawlers. The major fishing areas are the VIIIa and b in the first halfof the year and VIIIa, mainly, 
during the second half. The VIIIc area is prohibited to the French pelagic fleet. 

There are also some French purse-seiners located in theiBasque country and in the southern part of Brittany. They 
fish mainly in the spring season in VIlIb. 

Since the 19808, the TAC of 30,000 t (33,000 t in 1995) has been agreed bu"1 often exceeded or not reached. The 
formula for allocation is 10% for France (3,300 t) and 9O%'.>for Spain (29,700 t). Hov,rever, si.l'1ce 1992, a bilateral 
agreement bet'..veen France and Spai."l modifies every year the __ .:.llocation bet\:veen t..lte two countries. More precisely, 
6,000 t from the Spanish quota are allocated to the French fleet for the second half of the year, if the French ntid
water pelagic activity for anchovy stop during the main SpaniSh fishery in spring (from 20 March to 1 June). In 
addition to tltis 6,000 t of the Portugnese quota from Xla were exchanged between Portugal and France, whereas all 
the French catches are made in the Bay of Biscay (Division V1II) and as such reported to tltis Working Group. 

10.1.2 Landings in Snb-area vm 

Under these circumstances, total international landings in Sub-area VIII amounted to 34,175 t in 1996 (Table 10.1.1 
and Fignre 10.1.1), higher than the catch level of 1995 (29,842) and of the same level as those of 1994. The French 
catches increased 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 t in i996). As in previous years, the main Spanish fishery took place -in spring (87.5%) and tb,e main 
French fishery in the second half of the year (72.1 %) (Table 10.1.2) (Figure 10.,12). 

No discards were observed in the Spanish fishery and the discards have not been recorded in the French fishery, 
although the reported French landings include the catches not sold at harbours. 

During the first half of 1997, total international catches reached 8,350 t (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 well separated temporally and spatially as in previous years. More 
than 85% of the Spanish landings were caught in Division VIIIcand VIlIb in spring, while the French landings were 
caught in Divisions v1TIb in winter (i5.3%) or in summer in Divisio,fi VIlIa (71.8%) -(Tkble 10.1.3). 

10.1.4 Landings by EU categories 

The distribution of Spanish and French landings by ElT market category in Sub-area VIII by quarter for 1996 are 
given in Table 10.1.4. As usual, the mairilanded 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'andcatch per unit 'effort . 

The evolution of the fishing fleets during recent years;s shown in Table 10.1;5 and Figure 10.1.3. The French mid
water trawlers involved in the anchovy fishery has increased. continuously up to 1994. Afterwards this fleet slightly 
in 1995 (1996 are preliminary data). Therefore, it seems that after the rapid increase of the French fishing effort 
since 1984, we observe a certain stabilisation of the fishing effort for the laSt two years, according to the slight 
decrease in the number of vessels involved in the fishery. The 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 whereas for the Spanish one, the 
main fishing season takes place during the first half of the year in the South-eastern part of the Bay. 

.' r _. 

The fishing effort de:veloped-by,L'ie two countries is nowadays,sirrillar althougl'-i-the fishing par-I.&ii is different. Tne 
curr~nt. effort IT'4y.be a~ ~'le level t,1..at,existed i. .. ·l this fisberj at the beginning of-t.'e: 1970& (ICES 19961Assess:2). 

The CPUEofthe Spanish purse-seiners during the spring fishery for anchovy is shown in Table 10.1.6. This index is 
spatially linked with the anchovy abundance in the southern area of the Bay of Biscay and also, although less closely, 
to the evolution of the biomass of the whole population in the Bay of Biscay, as measured by the daily egg 
production method (Uriarteand Villarnor, WD 1993). The preliminary index for the first half· of 1997 shows a 
CPUE for the total catch mainly lower than the one. recorded in 1996 <at about half of that level), suggesting that this 
age group may have diminished in comparison with previous years. However, the fact that the size of anchovies were 
rather small, has interfered with the normal development of the fishery in this year, because the Spanish markets are 
not interested in buying anchovies of a grain superior to 45-50 individuals per kg. In this way the fishing effort on 
the anchovy may bave, been decreased and disturbed and so the CPUE. 

10.2.1 Egg ,surveys 

Egg surveys to estimate the spawning stock biomass. (SSB) of the Bay of :Biscay anchovy through the Daily Egg 
Production Method (OEPM) have been implemented from 1987 to 1997, with a gap in 1993 (Table 10.2.1). In 1996 
a new egg survey was. carried out in the Bay of Biscay, but due to insufficient economic support the DEPM was not 
applied entirely and only the estimation of the total Egg production was obtained. In 1997, within thefrarneworkof a 
EU contract, a new survey for the assessment of the Spawning Biomass of anchovy was performed using the DEPM, 
although.to d~te only the. touu daily egg production bas been calculated for the Working Group. 

The series of surveys between 1987 and 1994 sbowed a positive relationship between spawning area and biomass 
(Motos & Uriarte 1994) and this is also found between the total Daily egg production and the Biomass (Motos et aL 
"'TI 1997) (Figure 10.2.1). Both relationships may be used to obtain estimates. of the , SSB for the years i996 and 
1997 (1',,1otos et al. 'VD 1997, see text table below). HOWeVer they are not independent indexes due to the fact that 
t.lte Daily Egg production of t.~e population is a r.mction of the positive SpawTili,g area and ta'ie estimiited Daily Egg 
production per unit area. Because of this and in order to come up with some estimate of Biomass for the years 1996 
and 1997 based on the available information from the egg cruises, th~ following log linear. model h~ been applied: 

LN(SSB) = a,LN(A+) + a,LN(po) +1; 

with SSBi: Biomass in tonnes estimated by the DEPM 
A+ : positive spawning area in Jan2 
Po: Daily egg production per surface unit (in number of eggs per O.OSm2/day) 

and al and a2 are coefficient factors, parameters of the linear model and I; is the term of error. 

The values included for the multiple regression are those of Table 10.2.1 concerning the surveys from 1987 to 1995. 
Tne logarithm transformation was used to have a better distribution of the residuals and to transform the 
multiplicative modeJ,into an additive one. 

The following equation was obtained for the extrapolation of the 1996 and 1997 biomasses : 

with R = 0.96 and % of variance explained = 91. 
The fitted model and residuals are ploTted in Figure 10.2.2. 
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In these conditions, we estimate the biomasses for 1996 at 39,499 tonnes and for 1997 at 51;819tonm.s;' 

'The discrepancies befWeenthe differeniways 6fobtaining the estimates are impOrtant in the case of the 1997 
altliough notfor1996. 

The DEPM surveys are considered to be unbiased and to produce absolute figures of biomass whenever, the 
'methodoiogy is fuliy appiied. Tnecomposition ofthepol'uiation was derived for the surveys from i981'IO i994, 
based orfthe adwt satrlpiing' penomie(fdUrlng these surveys. However, in' i987 and t988 the adult sanipiing did-Dot 
cover the whole spawning area of anchovy and therefore SOITIe assll1Jlptions abOiJl: the COlT !.position of tJ'1e p(jpulation 
in'th~' unSampled area were, to be made: 'Because of this, the age compositions for the DEPM surveys in' 1987 'and 

- 1988 are less reliable; ',' 

The -slLrveys hJrvei :shoWn that Lhe major fraction of the popUlation is aJways the orie year old' anchovies and :therefore 
'thepopulationis driven year afteryearby'the recruitment at age L ' 

The French acoustic surveys aimed at estimating tlie :abundance of the Bay of Biscay anchovy were stopped'ih 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 updated for a FAR programme on anchovy (Cendieroed. 1994); In 1993, 1994 and 1995, only 
observations concerning the ecoiogy of anchovy, especially iocated ciose to the Gironde estuary (one of the major 
spawning areas for anchovy in the Bay of Biscay), were made. In i997, a new acoustic survey has been perforineO 
for anchovy in the French waters, mainly to study the behaviour of the species in the central part of the Bay (close to 

-the Gironde esltllU)') and toinvestigate the relationships bl,tween ecology of anchovy and its environment: 

; Acc-O!'dLtig to the disc,,-!ssion- which took phice in 1993 (ICES 19931 A..ssess:7) the acoustic valUes are considered to be 
i"elati've-jndexes of abundan:ce and the vi:ilue.~ bf 1983 'and 1984 seerao; to"be-'undere'stim.ated_ 

The general trend in the estimates of anchoVy biomassfrom the aCoUstic and DEPM methods is comparable'between 
1989 and 1992 although a large discrepancy was observed in 1991. Both methods however, indicate similar trends in 
the variations of the population at age'l ... 

10:3 CatchiiiNumber at Age 

In 1996; the age distributiOli of the'international catches of anchovy (in ninnbers) in the first' half of the year 
consisted mainly of I-year-old anchovies, making up 72% (Table 10.3.1). This percentage slightly increases during 
the second half of tile year (75%). On a.ll amma! basis, boll]. COll..l1tries have got a sif!lilar percentage. of 'c'atches of 
anchovy at age 1 (about 73%). ApprQ}::imately 25% of the catches of anchovy (in numbers) consisted of im_marore 
fish prior to their first spawning in May. 

The catches of anchovy corresponding to the Spanish live bait 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 availilbiliJY of the different 
small pelagic species and not only on anchovy. 

TabJe' 10.3.3 records ,the age composition of the international catches since 1987, ona half'yearly basis.l'year-old 
anchovies predominate in the catches during the both halves of most of the years. A few catches of immall!re,. 0 age 
group, appear during the second half of the year. 

10.3.2 Revision oftbe catch matrix at age 

L11 tl:le fraT!l..ework of the ElT contract undert~1cen by Fra,l1ce and Spain to esti!JlJ!te fishLllg and natural mortality from 
direct estimation methods of abundance of small pelagic species (EU study project 951018) a revision of .the· catch 
matrix at age for the Freoch and Spanish fisheries has been made. 
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The principal modifications concerned the period 1987 to 1989 (cf. Uriarte et al. WD 1997). In 1987, additional 
biological samples gathered by AZTI were used to improve the age distribution of the Spanish catches for the second 
half of the year. In 1988, for Spain a review of the age distribution in the catches·was made using the reading scheme 
of AZTI (Uriarte in preparation). Moreover, .some biological samples of.otoliths were used to improve the age 
distribution of the catches during the second half of the year. 

The age composition of the French catches at age were unknown for the years 1987 and 1988 and they had been 
previously assumed to be similar to the Spanish ones. The revision made of the French catches of 1987 and 1988 
consisted in the collection of new information concerning the distribution of commercial catch categories, which was 
used to stratify the landings. Usinglhis information and the available biological sampling from the monitoring of the 
Spanish fis&1.ei"'j, the age composition-of the French catches r.ave been estiu-,ated by t1.6 fJiSt time. 

L'l 1989, for- Spain, t..lte modifications concerned- t.1re age distribution of Cantabliall landings du....i ..... 'lg ~A:o.uguSt. For 
France, a revision of the age distribution was made taking into account some biological information from the Spanish 
catches (otolith samples) and the seasonality oflhis fishery . 

. In 1990 and 1991, forSpain,ooly the age distribution of catches of the live bait boats in tuna fishing have been 
revised .. For France, some landings were added and some otolith samples from Spain were used to improve the age 
distribution. 

For the period 1992 to 1995, no noticeable changes have been made for Spain and for France some small landings 
not previously recorded Were added. 

In summary, for Spain the largest differences appear among the data in the second half of the i 987- i 989 period and 
ta'1e previous ones. The age composition was IllOdified and we observed aft increase of the proportion of. 1 ; year old 
ancho'vies and a large decrease of the proportion of tIu;. oldest age groups. In 1988, tile ctWlges for the fust half of 
the year are the consequence of the adoption of AZTI ageing criteria for the totality of Spanish landings. For France, 
the. major changes occur in the period 1987-1989 due to the new or first estimates obtained 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 class. the abundance of which was estimated in 1989 by DEPM and acoustic surveys. The level of the 
biomass of the 1988 year class was considered low. In these conditions, the new estimates do not seem to be in 
agreement with the direct evaluations made in 1989, unless those ones were underestimated, which may be the case 
(Santiago and Sanz, 1992). In any case, it is important to consider that the precision of the estimations obtained on 
age 2 and mainly on age 3 are generally low because these age groups constitute a small fraction of the landings 
(Table 10.3.4). 

iOA lViean Weight at Age 

~ .. 1ea,.J. weight at age of t.1.e anchovies caug.r.1.t -by the cOD1iuercial fishery- a..-e ShOWll 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 weights at age were calculated from routine biological sampling of commercial catches. 

Large differences are observed between the mean weight of age groups caught by.the Spanish and the French fleets 
over the past year 1996. These differences can be explained by the differenlseasons and fishing grounds of the two 
fleets. For instance, during the first half of the year the French landings were made during the .first three months 
while the Spanish ones were made during the last three months. On the other hand, during the second quarter, the 
French catches are mainly landed by small purse seiners that fish small sizeancbovies close to the coast, while the 
Spanish purse seine boats fish bigger anchovies on offshore grounds. In the second half of the year, the French 
landings were caught in Divisions ynIa and b,whereas the Spanish ones were maioly caught in Villc. 
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values for the fishery represent the weighted averages of the half year values per country, according to their 
respective catches in numbers at age. The values for the stock are the ones estimated· for the spawners during the 
DEPM surveys of 1990-1995 (reported in Cendrero ed., 1994 and Motos et al. 1995). 

30; 



10.5 Maturity at Age 

.. As reported in previous years' reports, anchovies arefully,mature·as soon as they are 1 year old, at the following 
Spring~they were spawned. No differences in specific fecundity (number of eggs per gram of body weight) have 
heen found according to age (Motes 1994). 

10.6 Stock Assessment 

An Integrated Catch at Age analysis, which assumes a separable model of fishing mortality, has been used for the 
assessment of the anchovy in 'the Bay of Biscay ·from 1987· to 1996· (with the ICA package, Patterson and 'Melvin 
1996). The assessment-is similar:to t..'le:one implerr£nted i in.,1996 fOi t.'le period 1987~1995 in tJ11is.Working Group. 
L'lputs are sUln .. T..a..rised in Table 10.6.1. The assessment uses as tuning data L'le DEP~T1 (1987-1997) a.,d the Acoustic 
(lQRQ_C)?\ fiO'I1TPO;;: J;to;;:,hin111~O;;:(! ~nr1 !:aC! nnnl11~tinn nnrn~ !:It !:lIcr~ "'"C't;Tn.:lt""C' J:i' ...... .,. lQQ~ .,. ... ...1 lQQi .t'h ... ,'hi"" ......... "' .. ::a. .. h ...... .., ..... '" 
,-_._' '-, --;::0--'- ~ -.--~~ ---~ 1" .... 1"'---........ u-.. ....................... 0 .............. u ............ A .................. <oN.I ... ""''''', •• u ....... vu......,." .... "LU. ........... '" 

". used in .the DEPMSSB tuning data are the ones obtained,from the combined log-linear model ofspawning area and 
Daily egg production per unit area for the prediction of biomass (see Section 10.2.1 and Motos et aL WD 1997). The 
Acoustic and DEPM estimates are considered as relative and absolute estimates respectively. The assessment 

, assumes a constantnaturai mortality of 1.2. around the average value estimated earlier atthis working group (ICES 
1995IAssess:2). The assessment starts in 1987 when the DEPM began to be applied. However the catch data of years 
1987 and 1988 is down-weighted in the analysis because for those years, although now revised, the French catch at 
age data are consideted to be more unreliable than for the rest of the years. In addition, the DEPM population as 

. numbers at age estimate:sfor those years, 'were not as reliable as for the following ones. Ages 4and5 are heavily 
down-weighted due to the small fraction of the catch they represent and to the large imprecision of the estimates. 
Results are presented in Tables 10.6.1. and Figures 10.6.1. 

The _model wus fi~ed by a non-linearrrriniiTrisation of the following objective -function: 

96 3+ ..•. . . 2 
+ I,I,[ Ln(SPoEPM,a,y )-Ln(Na,y ·Oa,Wa,y' exp(-pp, Py ·Sa -1\1 M))] + 

y=8""( a;ol 

L ····rLn(SSBacoUStic)-Ln[QacousticINa,y ,0.· W •. y .exp( _PpFy .S. -FM.M ))]2 + 
y=1989,91,92 _ .=1 

2+ _ 

} '[Ln(SP.onn<rl,)-Ln(Q. v .N. v.,O.· W. v ·exp(-PP·Fy ·S. -PM . M))]"' 
....., ~L • -,-~~--;--~' '\ ..,. • ., -.'! - - ,,-'J . -, - - - •. - '/J 

y=89,91,92 .• =1 

with constraints on: S2 = S4= 1 and F" =F,. 
and-, N; :: average exploited abu."lda.n~e- -over 'tIle year. 

'N: population abunda.llce on the "fitst'bfJa.'ma..ry. 
'0. : ~tUrity ogive.'percentage of:maturity_ 

.. M: Natural Mortality. 
Fy : Annual fishing mortality forthe separable modeL 
Sa: selection at age fortheseparable model. 
PF and PM : respectively proportion of1"'and M occurring until mid spawning time. 
C, y : catches at age a the year Y 
0; andQ.. y : catchability. 
SSBDEPMandSSB""",,: Spawning BiornaSs estimates from DEPMand Acoustic methods. 
SPDEPMand SP""",,: Spawning populations at age from DEPM and acoustic methods. 
A "y : weighting factor for the' catches at age. 

The results show (as in previous years) that the sum of squares curve has not a well defined minimum when plotted 
against fishing mortality in the last year of the analysis (see Figure 10.6.1). Nevertheless the assessment seems to be 
driven by the Spawning Biomass estimates by the DEPM which is the longest and most consistent independent 
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estimate of the population in absolute termsc'This index shows ad~fjned minimum at the converged level of fishing 
mortality in the analysis. The log-variance of the populations estimaies from the model versus the tuning indices 
seems reasonable, but the strong variations in abundance from year to year suggested by the direct DEPM estimates 
are ,not followed in parallel by the model (Figures 10,6,1). The s~arable model presents rather big level of absolute 
residuals both across years and ages,(Figure 10.6.1), perfonning the best for age I (the most important age group in 
catches). Figure 10.6.2 compares the series 'of recruitment, Fishing mortality and Spawning Biomass obtained from 
the assessments caiculate these last two years. The output levels of fishing mortality 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 level as inferred for the 1987-1990 period (at a Fbarl.' between 0.55 and 0.7) increasing slightly 
in the last year. The reason for tltis drop is not clear, and probably reflects the uncertainty associated with tltis 
asseSSIl"..ent. The, recr..ritment 3..."ld: spa"'T..ing biorr"asg esttrr13.tes, in- 1996 ·we sirrrilar to the' ones caiculated in this 
asseSSIT'..ent (Figure 10.6;2) The -Worrng Group considers t.ltat t.I.Js asscsSallent sho'W'S reasorUibly well ti;e rec-ent 
trends:in pop,mation abu.l"!danc.e a.rld fistwip..g"!!lorta1ity according w;t.it.e i.9}[Olllianon.a,'ailable. From the ou..put stock 
summary the only reference ,about the stock size has to be the spawning biomass and not the total stock size 'because 
the latter includes the,biomass of the age o group at the beginning of every year (wben it does not exist). The stock 
summary of tltis assessment is presented in Figure 10.6.3. 

, 10.7 Recruitment and environment 

The prior assessment, in agreement with the direct estimates of the population, clearly shows that the anchovy 
spawning population heavily d~nds upon the strength orthe recruitment at age I produced every year (see Figure 
10.6.3). 'This means that the dynamics of the population directly follow those of recruitment with very small, buffer. 

Figure 10.7.1 plots the estirr.ates of the population at age 1 provided by the assessment in comparison with the 
available· i.~exes of abundance of ·anchovy at age 1 comiiig from the fJ.5J~rj as well as from independent SOurces of 
Ln..fonnation. _-The Egg- and, Acoustic su. ... veys· that have been used to -tune the asses:m-.\mt show a strong parallel 
variation of the ,estimates of the population at age I, although their variations are moreintense than that provided by 
the assessment itself. The concordance of the Year Class Cumulative. Catches (YCCC) with the assessed population 
at age I is obviously very high, since the information obtained in that index is the same as contained in the Catch at 
age data used to tune the separable model of the assessment. Catch per Unit Effort of I year old anchovies of the 

. Spanishpurse seine ,fleet in Spring (CPUEI) shows a rather similar tendency to the. one produced by the assessment, 
in spite of not baving been included as tuning data. In general, the fluctuations of the indexes are rather concordant 
on the period 1987-1995 and indicate relevant changes between years. 

The scatter plot between the Spawning biomass and the number of recruits (I-year-olds) obtained from the 
assessment does not show any defined relationship for tltisstock, (Figure 10.7.2). 'This is not either shown using the 
D]?Pl-v1 estiiTUiLes of biomass and __ populatiofis- at:age (ICES 1997/Assess:3). However-nothing is known about the 

. dyn3IT'..ic of recruitment at veri lowJevels·of SSB~·when-depensatory relationships may-appear. 

Borja et aL (1996a .. and· b) . noted that oceanographic environment produced by Northern and Eastern winds of 
medium and low intensity blowing.in Spring. and .early summer in the Bay of Biscay seem to induce good levels of 
recruitment to the anchovy population. 'This result was initially established,for the period 1967-1989, relating an 
Index of Recruitment obtained from the fishery (Uriarte, 1993) with an upwelling index obtained from wind strength 
and direction from satellite data over the major spawning areas of the anchovy in the Bay of Biscay. Borja et al. 
(1996b) confumed those results up to 1994, 

BOIja et a/. (WD 1997) have supplied tltis Working Group with the esthnate of the upwelling index for the most 
recent years, at the same thna that expanded the relationship up to 1995 (Figure 10.7.3). The upwelling index 
explains about 59%·ofthe inter-annual variability of the recruitment index in the period 1967-1995 (n =29). The 
relations.hip of this upwelling inde;( with the recruitment estimates provided by the DEPM surveys or by the' current 
analytical assessment is also significant (R2 ~ 51 % , n~ 10. Figure 10.7.4). 

The potential use of the above relationship, between the upwelling index and subsequent recruitment for the 
prediction of the recruitment is evident since theoretically it may be esthnated after each spawning season because 
the upwelling index is measured for the period: March-July. In the current case where the upwelling index for 1996 
and 1997 have been provided (Boria etll/. WD 1997), the index may be used to help for the selection of likely levels 
of recruitments in these years which will be the basis for any provisions of catch option for the next coming year. 
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Stock size is at a greatly ,reduced level compared tMhe 1950s and 1960s. There is the possibility that the larger fleet 
'which existed in ,those years could have led to. over-fishing, but it cannot be proved.' The possibility· that 
environmental factors have caused the reduction of the stock hasaIso been considered (Junquera, 1986).·The 
as!iociation between the ,upwellingindex and recruihnent seems to endorse the latter hypothesis andcJinks· the 
dynamics. of the. anchovy population with that 'of the environment and climate regimes in the Bay 'of'Biscay. 

· Nevertheless, the Jikelyrole of the average level of the parental stOCk on the recruihnenl, and thus that of the fishing 
Jactor, should not be neglected, but further studied. 

lO.8·.CatchForecast 

,A determir,istic catch forecast based-on t."'ie 'number o.f -fish at t.':te begin..-dng of 1997 estinlated by tie leA· assesstnent 
a.'1d a recruitment -at -age -0. equal ,to' t.~e geoInetric meal'l of those' e_sti..T.ated since 1987, have ty.....en rro.ade. The 
·proje-etions;at F staP..lS quo-suggest catches-around 33t ..... ousands tOImes LT!. 1998 a.'ld a spawning biO!!HII:S at a level of 

· 45,000 t in 1998 as well as in 1999. The ·assumptions for 1997 are only approximate. On the one hand the ~pawning 
biomasspredictedJor 1997 is about 54,000 t at a similar level of biomass to the one indicated by the OEPM survey 
perfonned in this year. On the other band the catches predicted for 1997,(36,000 t) seem to be too high due to the 
fact that 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 small size of anchovies 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 recmitsand to the high variability associated to the recmitment i~lf,apart from all the 
uncertainties of the parameters estimated by the ICA model. 

-The,use-ofthe, upwelling"index may-help' to improve the accuracy Ofu1lis catch options. In t."'Js case-t.lre upwelli.i"ig 
index suggest a level: of recr.rilInent at'age 0 L'1,'1997 raig..lter dla.'1 t.lte geometric mea.-:l, and-t.h..erefore r.igherlevels of 
catches might be. expected in 1998 (about35'%higher) if those predictions become true. However; the approach 

· followed in this forecast has been the adoption of the geometric mean as a conservative rule in' order ~to avoid risking 
situations for the stock in. case of therecmihnent being worse than the level the upwellingindex suggests .. At the 

· moment the Working Group considers.'itappropriate to check the perfonnance of the forecast based on the upwelling 
index by .making some .simulations withretrospective·ana!ysis or Monte-Carlo 'simulations before' providing 
quantitative advice on its basis. 

Short- and medium-term considerations 

If medium-tenn projections refers to the period between the assessment and the time when the most recently assessed 
year ciasses will not,contribute any more;io- the catches of the, fishery, then for wc-Bay of Biscay anchovy this period 
is probably t"wo years including L\e ,Ci..luent one. -Por L'iat reason a probabilistic fVlecast of t.~e -fisher,- in ~1997 "and 
1998 has been performed. in order to check the risk for 1..'1e spav.ming stock of falling below t.lte Blim of about 
18,ooo,tThesehas been done with,a simulation using the same inputs as the 'deterministic short tel1nforecast 
(putting in this case stochastic. recmitment at the geometric mean of the period 1987 to 1996 estimated with thO'ICA 

· package). Two options,have been·made:catchconstraintwith aTAC equal to 33,000 tonnes and a stochastic'Fequal 
to that of 1996 whose CV was estimated with the lCA program used for the assessment. The Table 10:'10.1 shows 
the main result obtained. For the 2 options mentioned above, the stocks would be,around 55,000 and 48,000 tohnes, 
during the spawning season, in 1997 and 1998 respectively. The catches with the TAC options would 'be coristrained 
at 33,000 tonnes in 1997 and 1998 and with the other option around 37,000 and 33,000 tonnes in 1997 and 1998 
respectively. This is all in a general agreement With the above deterministic projection .. 

·Onthe·500 trajectoriesperfonned to calculate the spawning stockbiomass only 5% of the values are:below:24,070 
tonnes in -1997 and-l9:,31 0 tonnes in 1998. ,Toat means that under the hypoihesis ·of mean recruitrrient and constant 
natural TIlor'"wlity. ule probability to be'below ule-BIim was'very,low'in-1998 (appruximately less'ulan 5%)~ These 
estimated probabilities are calculated on the assumption of constant natural mortality, although there is evidence that 
this may ·have been variable in the past, Therefore results presented here capture only a part of the variability in stock 

.,dynamics and estimates of the riskuneertainty could thereforebe·underestimated. 

The above exercise is the first'probabilistic projection made for the fishery 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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Spawning Biomass (B",,) in the year of the Management and b) the risk of falling below the BHm at status quo the 
next year after the management. . 

10.9 Comments on Assessment 

Tbe estimates of the:fishing mortality provided by the previous assessment are mostly dependent on the accuracy of 
the direct estimates of biomassof the DEPM, since this is the most complete series of surveys in the period assessed 
and it is driving the assessment.. In general the ratio of catches to this ditect estimates of biomass are setting the 
average level of the fishing mortality estimated for the fishery. Improvement of the mortality estimates could be 
made.by taking into account the errors associated with the SSBestimates. 

The cu.Tfent levels offishiJ'l..g mcrt..ality -(Fbar· for t..lte ages 1=3 at about 0.7) are below the likely 1.2 value for natural 
mortality. The exploitation pattern Llldicates a negligible exploit!:lltion_oft.l:te 0 group and a moderate fishl..~g pressure 
on the age I, far below the one exerted over the two and older years-old anchovies. Although the population consists 
mainly of 1 year-old anchovy that reach their first maturity in May"June, more than half of the fishing mortality on 
this age group takes place during and after the spawning season and therefore a high percentage of the population is 
able to spawn, On the basis of this considerations it can be said that the current .exploitation pattern regarding I year 
old anchovies is generally conservative. Figure 10.10.1 shows the yield and spawning biornass per recruit compared 
with the Virgin state using the fishing mortality at age estimated for 1996, increased and decreased by 1 standard 
deviation. This figure shows that in the current situation the biomass per recruit of the population is close to be 
reduoed (but not yet) toabouthalf of that expected without any fishery. 

The high fishing mortality recorded·in 1991, wben the: stock was at a very low level may indicate that thecatchability 
of tai.e; fleets ,may. -:increase at- decreasing trends in the stock abundance, making. the stock susceptibie oi over~fishing 
..... ",,,""" .... ,.1 ,..~1 .... ~., ... l..n ... An_ ..... ID: .. ",J... __ 1 nnc:\. 
AU p ....... I.'.., ... VL ~V¥Y C&Uu.&llo.UI.IlloAl \.L Lu..J~L L77J ,. 

~Theana1ysis of catch data atage shows. a decrease of the mean age of anchovies in the catch since 1987. This fact 
associated with the increasing fishing efforlseems to indicate an increasing tendency in the fishing mortality on that 
species in 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 decrease may due to the higher levels of the population 
recorded in the recent years 1992-1994 and to the stabilisation of the French fleet fishing for anchovy and reduction 
of its fishing season to the first half of the year, before the spawning season (see bilateral agreement between Spain 
and France since 1992). 

10.10 Reference Points for Management Purposes 

10.10.1 ~lBAL, Blim and Dpa 

Bum: Fer anchovy- this level of -bimnass should be- set at L1.e rrililimum biomass below which the stock :has a high 
probability ofcoUapse. Preliminarily, it could be defined as the lowest estimated spawning stock biomass (from the 
assessment) over tbepast ten years (18,000 tonnes, in 1989, see Table 10.6.1). Although in this year a good 
recruitment was produced, this level of Spawning Biomass is so close to 0 that it should not be expected good 
recruitments at lowerbiomasses. Therefore. this level of Spawning Biomass should be considered as B""" below 
which .there is a serious risk of stock collapse. The definition is consistent with the definition of MBAL previously 
accepted for this stock (set between 15,000 to 20,000 t at the lowest DEPM estimates of Biomass, in 1989 and 1991, 
see Table 10.2.1). 

B ... : A useful reference fot the precautionary approach .on levels of biornass should be the definition of a 
precautionary biomass (B",,), slightly different of B"" for management purposes. It is the Spawning Biomass which 
allows, under poor recruitment conditions, to obtain a minimum Spawning Biomass for the foliowing year at the 
leVel ofBlim. 1.1 t..1..&is "vay, t..i.e management would preserve a minimum SSB, in the next year? at ieast around to Blim to 
prevent as soon as possible the collapse of the fishery. The past experience shows that a SSB between 30,000 tonnes 
or 40,000 tonnes give a biomass of 2 years old that allows, with a small recruitment, to have in the next Spring a 
biomass at the BHm level. Using the Separable model of the assessment, a fishing mortality status quo at the 1996 
level and the poorest recruitment at:age 0 estimated by the model (3641 millions in 1988), a Spawning Biomass of 
about 39,000 t would be required in the year of management to sustain a spawning Biomass at B"", in the followi_ng 
year. Taking into account :these considerations and given the uncertainties in the assessment and the natural 
variability of this fishery we suggest to take a B"" at a level doubled of the Blim: 36,000 t 
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10.10.2 Fis\liJ)gmortality targets 

The exploitation of pelagic species should be undertaken with special care, keeping the exploitation of the stock ata 
moderate level of fishing mortality provided the risks of overfishing at low . levels of biomass of this species and 
taking into account the historical collapses of several of these stocks (Ulltang 1980, Csirke 1988, Pitcher 1995). In 
this sense Macer andSissenwine (1993) state that the bigher the natural mortality the bigger shouid'bekept'the 
percentage of spawning biomass per recruit in reiation to the Virgin State (wiihoutfishing)(ihecriteria·of%SBR). 
They also indicate that the smallpelagicspecies could be poor resistant to exploitation and for these species the 
%SBR corresponding with the Fmcd can be as high,as 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 
t.'1ese re-views is t,J....at t.~ey a.-ooe based on t.~e knowledge acquired on medium size a.'1d not too short Ihing species 
compared '\'it.1:1 t.l:1e anchovy. Nevert~e!ess. at tlte current state of knowledge on t.hjs species:t.ltey :rnay be tQl::en-aS a.T} 
indication a..hout s!!St~inable -levels of- fisbi1'!g. mort::tlity. 

The. current assessment. SUggests that,average fishing mortality on ages 1 to 3 (0.7) meets the criteria of Patterson 
(l992).In addition, the % SBR obtained for this population is slightly above 50% (Figure 10.10.1) what satisfies' the 
criteria%SBR of Macer and Sissenwine (1993) for pelagic species. Therefore, the pattern of fishing mortality of this 
fishery could.be sustainable from a :Iong· term point of,view, provided that the risk of over.fishingat low levels of 
abundance is avoided by a close monitoring of the fishery coupled with an adaptative and fast managing system. 

A reference Fp' for this population can be suggested at the level of 50 %SBR what seems to be, with the 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. The 
current fishing levels seems to be below the Fp' (see Figure·lO, 10.1 land therefore not at a dangerous level. However, 
taking into account a). the Jikely vaJ.iabilitj of iJ1.e natural'ii1ortality, b) the. uncer..ainties of the assessment (speCially 
for the latest levels of F) 3.J"td c) t.'le risk in the fisheries of small pclagics" of increasL"tg the' catchabilitj 'at .Iow levels 
of biomass, it seeIl"aS that it could be difficult to manage from mortalit'j targets to a given mortality value. L"1 addition 
.th~,changes 'of fishing mortality by changing the fishing effort are hardly to be implemented. Because of this,for 

. managing purposes the references given for spawning biomass levels seems more practical and suitable. 

10.11 Management,Measures and Consideration 

The. anchovy occurring in the Bay of Biscay is.a sbort,limng species that attains 100% maturity at 1 year old. 
Although the Bay of Biscay anchovy constitute a small stock, catches from this resource are economically 'very 
valuable. In the last 10 years, there has been a large increase in fishing effort and the catches have been recently 
exceeding the average level since 1960. The history of the Spanish purse seine fishery showsthai a large fleet 
strongly dependent on anchovy and operating during a long period may not be economically profitable in the long 
tenn.. T'nerefore, the need to reguiate the fishery is clear. 

The. ahove assessment 'suggests that, the cu..rrent level of fisr.ing mort..ality ,could ',be sustained "provided t.l1at ,st"..eps 
, towards a more conservative approach,is,takeo,whel'lthe stockis at a low level. Therefore, adose monitoring of the 

fishery coupled with'anadaptative and fast reactive managing procedure should be implemented. 

, According to .thepossible tools for monitoring the stock (DEPM surveys in May, acoustics at.the end or beginning of 
. every year and' the upwelling index) the following scenarios for' quantitative management are presented for 
consideration. 

2.1 + Submission of Advice on the level of allowable catches within safe biological limits on the basis of the DEPM 
estimates' of biomass and numbers at ,age. This .scenario does' not include an estimate of recruitment for the year at 
the start of the season. Therefore, to reduce the risks of over-exploitation in years of poor recruitment, a'more 

. ,conservative approach to management needs to be taken. 

2.2, + Submission of A.dvice on the level of allowable catches within safe biological limits using. predictor of,the 
new recruitment such as the upwellingindex of the year prior to the management, and the survivors expected from 

.. the previous year. The DEPM would provide absolute estimates of spawning biomass every year and 'wouldrserve as 
starting point to estimate the survivors for the next years: This approach sbouldallow, withsnitable estimates, a less 
conservative' approach to management. In ,this year· we have been ,in the position of giving options of catches 
aC<)ordingto the DEPM,and'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'simulationsWith 
retrospective analysis or Monte-Carlo simulations before providing a quantitative advice on its basis. The upwelling 
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index sugge~ted ,higher .level ,of catch, options for 1998 thlUlthe geometric mean" therefore the current approach has 
been conservative. 

2.3 + Submission of Advice on the level of allowable catches within safe biological limits malcing use of an estimate 
of coming recruitment obtained by means of an acoustic survey. The nEPM would complement the ~stem 
providing estimates of absolute levels of spawning bioIitass every year and would be use to forecast the survivors for 
the next year. Tbe 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 recruitmen~ 
as :has just been described, should be tested by:sh"TIulation studies usia,g assessment models. The relative benefits of 
2.2 a'ld 2.3 would depend on t.he precision aIld accu..racy of t.~e upwelling i.~dex as a predie+..or of i~luitnlent, aild 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 abWldance 
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 nEPM methods), in order to come 
out with an optimal management of the fishery. 
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Table·ID.l.l: . Annual catches (in tonnes) of Bay of Biscay anchovy (Subarea VIII) 
As estimated by the Working Group members. 

COUNTRY FR.i!..NCE . SPAIN !NTERNAT!ONAL 
y.:~!t, V!!!cb V1!!bc Vi!! . 

lOAn 1 ns:l.i. <;7 nnn - '~nAI; 
I' ........ ., ......... ""1' ""','.v ........ "" .... , .... ...,..., 
1961 1.494 74,000 75,494 
1962 1.123 58,000 59,123 

. 1963 652 48;000 . 48,652 
1nL .. , r'I"7':1 "7= nf"Y"'l "7L n.:7':::1 
,'>'''''' ' '.'" I <J Iv,VUU IVj7/0J 

, nL E:' ,..., L 1 E:' 0'- nrv'"\ 0<:) L 1 r: 
'IYQV ~.o liJ o I,UlJU 'Ov,U'IV 

1966 839 A'" l"''1.r'\ An·",l"'-'" 
4'1101"1 Q'O,000 

1967 1,812 39,363 41,175 
1968 . 1,190 38,429 39,619 
1969 2,991 3$,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 
(lOAfl-OA) ..... -- ~-~ 

(*) Preliminary data for the first half of the year 

Actualizacion: Completa hasta 1996 inclusive el 29 de Julio del 97 por I. Rico 
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Table 10.1.2 Monllhly catche:1 011 the Bay 01 Biscay Cllnchovy by counllry (Sub-are1a 11111) 

COUNTRY: FIRAIIIICE LJnll's: I'. 

, YEAR\MONTH .1 F M A M J J A S 0 N 0 TOTAL 
1987 0 0 0 11111 1560 268 148 582 679 355 "107 117 4899 
1988 0 0 14 872 1386 776 291 1156 2002 326 0 0 6822 
1989 704 71 11 3311 648 11 43 56 70 273 9 ~m 2255 
1990 0 0 16 1331, 1511 127 269 1905 3275 1447 636 112 10598 
1991 1318 213E, 603 BOil 1622 195 124 419 lE,87 557 54 2115 9708 
1992 2062 1480 942 78,1 57 11 335 1202 2786 3165 21195 0 15217 
1993 1636 11l0E, 1537 91 343 1439 1315 2640 4057 3277 2127 47 20914 
1994 1972 1908 1442 172 770 1730 663 2125 32:76 2652 :123 0 16934 
1995 620 958 807 260 844 1669 389 1089 2150 1231 055 22 10892 
1996 1084 6301 614 :201> 150 1568 1243 2377 3352 2666 1:149 0 15238 

Av,~roge 87-96 940 1199 ,599 :596 889 779 482 1355 2323 1595 035 EiS 11348 
In percentage B.3% 7,9% 5:3% 5.3% 7.8% 6.9% 4.2% 11.9% 20.~5% 14.1% 7.4% 0.5% 100% 

Avmage 92-96 1475 1:156 1068 ;302 433 1283 789 1886 3124 2598 lSiO 14 15839 
,0 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% 
-" ," 

COUNlTRY: liP}\IN 

YEAR\MONTH JI F M A M J J A S 0 N 0 TOTAL 
1987 0 0 454 4132, 3677 514 81 54 28 ,457 202 265 9864 
1988 6 0 28 186 2931 3204 292 98 421 118 136 2416 8266 
1989 2 2 25 25B 4295 795 90 510 116 198 1610 27'3 8173 
1990 79 6 2085 l:l2e, 9947 2957 1202 3227 2278 123 16 10 23258 
1991 100 40 23 1228 5291 1M3 91 60 34 265 184 596 9573 
1992 360 :184 340 3458 13068 3437 3134 286 505 63 94 89 22468 
1993 102 59 1825 3169 7564 4488 795 340 198 65 t>46 23 19173 
1994 0 9 149 5669 3991 5,501 11:33 181 106 643 198 74 17554 
1995 0 01 35 5107 11485 1094 150 9 6 152 48 365 18951 
1996 48 17 138 1628 9613 5:329 1206 298 266 152 ~~25 17 18937 

Avmage 87-96 701 52 510 2126 7186 2898 5:l2 506 396 224 <126 196 15622 
In percentage 0.4% 01.3% 3.3% 17.5% 46.01% 18.6% 3.4% 3.2% 2.S% 1.4% 2.1% 1.3% 1001% 

Avmage 92-96 102 94 497 39016 9144 39701 714 223 216 215 222 114 19417 
In percentage 01.5% 01.5% 2.6% 20.1% 47.1% 20,4% 3.7% 

e: \ acfm \ w,lmllsa98 \ T -10 1 2.>:ls 
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T4Jble 10.1.3: ANCHOVY cCltclhes Intbe Ila)'oll Biscay by c(luntry and dhrlsl,on,s In 1996 

COUNTRIES DIVISION!; C;)UARTERS CATCH (t) 
1 .. 2 3 4 ANNUAL % 

SPAIN Villa 0 0 0 0 0 ·0.0% 
Vlllb 18 6799 127 204 7148 37.7% 
Vllic 186 9771 1M2 191 11790 62.3% 

TOTAL 203 16570 17'69 394 18937 100.0% 
% 1.1%· 817.5% 9 .. 3% 2.1% . 100.0% 

FRANCE Villa 0 0 6S'30 4016 10946 71.8% 
Vlllb 2327 1924 44 0 4295 28.2% 
vllle 0 0 0 0 0 0.0% 

TOTAL 2327 1924 6974 4016 15240 100.0% 
% 15.3% 12.6% 45.H% 26.3% 100.0% 

'" 
0- IINTERNATIONAL Villa 0 0 . 6930 4016 10946 32.0% 

Vlllb 2345 8723 171 204 11442 33.5% 
VUlC 186 9771 1M2 191 11790 34.5% 

TOTAL 2530 111494 8743 4410 34178 100.0% 
% 7.4% 54.1% 25.6% 12.9% 100.0% 
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Table 10.1.4: Bay 01' BiscClY ANCHOVY cCllches (I) by country and I!U mClrket categlories In 1996 

QUARl'ER:S 

COUNTRY EEC CAT. '1 :1 3 4 ANNUAL % 

SPAIN Tl 0 1,30:1 2 0 1,304 6.9% 
T2 0 11,73li 784 49 12,568 66.4% 
T3 44 3.100 678 211 4,034 21.3% 
T4 160 43:1 305 134 1,032 ~i.4% 

TOTAL 20:\ 16.570 1,769 394 18,937 '10(1.0% 

FRANCE Tl l 4:1 430 439 923 t,.l% 
T2 1,224 1.026 3,863 2,389 8.503 5ti.8% 
T3 1,08:3 41:1 2.668 1,187 5,355 3ti.l% 

.'" T4 12 434 11 0 457 ~~.O% ." 
TOTAL 2,321 1,924 6,972 4,016 15.238 "100.0% 

INTERN. Tl l 1,349 432 439 2.227 6.5% 
T2 1,224 12,76"1 4.647 2.438 21.071 61.7% 
T3 1,121 3,51:1 3.346 1,398 9,388 21'.5% 
T4 17:2 866 317 134 1,489 L1.4% 

TOTAL 2.530 18.494 8,741 4.410 34,176 100.0% 

T1 : <=,= 30 Clnchovies/lKg .. 
T2 : betw'3en 31 and 50 per Kg. 
T3 : betw'3en 51 and 8:3 per Kg. 
T4: more thon 84 per Kg. 
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Table W.1.5: Evolution of the French onc! Spanish fleet for ANCHOVY iln Subarea VIII 
(from Workint;;1 Group mElmbers). Units: Numbers of boa1s. 

FrancE' ~aln 
Yem P. seiner P. trawl Total P. selner tollal 
1960 ea 0(1) 152 571 623 
1912 ~i5 0(1) :35 492 527 
1976 -2~4 0(1) :24 354 378 
1980 14 n/a (1) 14 293 307 
1984 n/a 4 (1) 4 306 310 
1981' 9 cb (1) 45 282 327 
198E1 10 61 (1) :71 278 349 
1989 2 ~,l (1) 153 215 268 
1990 3U BO (2) 110 266 376 
1991 3.0 115 (2) 145 250 395 
1992 13 123 (2) 1:36 244 380 
199<1 2-1 13.8 (2) 1159 . 253 412 
199<1 2:6 lW (2) 1:76 257 433 
19% . 26 120 (2) 146 257 403 
1996 26 120 (2) 146 251 397 
1997 26 n/a(~ :26 273 299 

(1) Only St. JE'an de Luz and Helldaya. 
(2) Maximun number of potentiol boats; the number of pela()ic trawling g'9ars is roughly helit 
of this number clue to the fishin~1 in pairs of mild-water trawlers. 
n/a = Not ovoiloble. 
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TABLE 10.1.6 Catch per unit eflort of ancho,vy from the Spanish Spring fishery in the Bay of Biscay 
(Av"rage catches per boat and fishing dal') (From WG memlJers) 

(Provlslonol) 
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 -, 

.1 1.6 2.6 2.2 0.8 
CPUE 1 (#) 13.8 19.7 16.1 63.4 29.:1 136.3 46.i' ~~6,5 52,6 69.6 30.7 
CPUE 2 (#) 12.2 5.8 13.7 4.4 20.:2 '16.6 29.i' 112.6 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.(1 0.0 0.6 0.3 0.0 

CPUE 2+ (10 17.5 6.6 14.9 5.3 20.6 "17.9 29.11 ~i7.2 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 thouS<Jnds 
• CPUE value's for the years 1988-89 are updaptod acordlng to thE) revised catches at age of Spring from Urlarte et al. WD 1997 

'" 
~) 
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TABLE 10.2.1 Dally Egg Production Method.: EglJ surveys on Ilhe Bay of Biscay anchovy. 
(from MOTOS & URIARTE WD1993. MOTOS et al.. 1995 and MOTOS I~t cll. WD 1997) 

YEAR 11987 1981: 1989(') 1990 1991 1992 1993 1994 1995 1996 1997 
(Pre'llmlnory) 

Period of y"or 2-7June 21-:28May 10-21 May 4·1t,May 16May-07Jun 16May-1$Jun Nosurveyl7May-3June 11-25Mooy'18-30May 9-21 Mal' 
Poslflve oro'a (km2) 23850 45384 17546 59757 2421>4 6;7796 ·~8735 3111!9 28448 W1.33 
Surveyed orecl (km2) 34934 598401 37930 79759 84m2 9278:2 60330 516'18 34294 1;%87 
Po (Egg per 0.005 mA2) 4.6 t).52' 2.08 3.78 2.65 3.1 :2 4.39 5.:21 4.01 3.015 
Dally egg production 2.20 S,Q1 0.73 5.02 1.24 5.81 4.48 3.25 2.28 3.1J2 
Exp(-12) C.V. 0.39 0.24 0.4 01.15 01.06 01.14 01.14 0.09 0.09 0.215 

SSB Indirect Esflmafl3S 
SSS (f) 29365 63500 11861 '97239 192i'6 90720 7019401 63208 39499(") 51819(") 

c.V. 01.48 0.31 01.41 0.17 0.1'4 0.:2 0.16 0.12 

TOTAL # 1129 267EI 4701 5843 965.6 1;797 3516 
C,V, 0,14 01.2:5 01,18 

w 
N No/age: 1 656 234~' 246 5613 6701,5 1;571 2457 0 

C.V, D.Jo6 01,26 01,23 
(mlllibhs) 2 331' 258 206 190 - , :290,3 ' 2019,3 10015 

C.V, 0,17 0,2:2 01,19 
3+ 142 68 18 40 4,8 16.7 54 

CV, 0.42 0,51 01,28 

n Likely sulae"flmafe according fa authors (Motos &5antlago.1989) 
(".) Estlmalfes based on a log IIn6,al model of bloma"s as function of positive spawning meo and Po (Egg production per unit mea) 
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Table 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 (t/nm(**2), 15.4 10.3 3,0 i 4.5-32.2 (4) 23.6 32.8 

Blomass (t) &:.nnnn '10 ':::("11"'\ , r rnn 60-110,UUO(4) 64,000 89,000 vv,vuv vU,vuv Iv,vUU 

Number (10**(-6)) 2.600 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) Assump~on 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 bail tuna fishing boats). 

QUARTERS AND MAIN DIVISIONS 
units: thousands 

QUARTERS. 1 2 3 4 Annuai ioiai 
SPAiN AGE viiibc Viiibc Viiibc Viiibe Viiibe 

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 29.568 845,03.1 
WMED. 19,09 23,19 18.84 13,80 22.33 
CATCH. (t) 203.5 16,570.0 1.769.5 394.4 18.937.4 
SOP 204.5 16,491.5 1.761.9 408,4 18.866.3 
VAR.% 100,51% 99.53% 99,57% i03.55% 99,62% 

FRANCE AGE Vlllab Vlllab Vlllab Vlllab Vlllab 

0 0 0 l2,0.55 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 
CAiCH. et) 2,326.9 1,923.8 6,971.8 4,015.7 15,238. i 
o~n ,...., .... ~~ JI ,.., , ... A ~ "'71""10 ....... .., .LO.L r 11:.., ... 0""7 
~v~ "',LoJu ...... L,lv,,"+,i) 1,£0£.';> ..J,UOU.V Iv,\J-.JO.1 

VAR,% 96,07% 110.95% 104,45% 91.80% 100,66% 

QUARTERS 2 3 4 Annual total 

TOTAL AGE Vlllbc Vlllbc Vlllbc Vlllbc Vlllbc 

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 
• n I"'J ", ... .~ n "'I'\c:r: 

'" u £,LI"J "''' U L,L~ 

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 from the liVe, bait tuna fishing boats. 

(from ANON 1996 and Uiiarre et al. 'I.JDl997) 

l!~~ 10£:17 100Q ,non , """ "'''' ,rr,nl"\ , ""~ 1n ........ , ........ ,.. 1996 ~"v 17Vf 17VU 17U7 177U' 1"77' IY'1'£ IYY.:J I"fY.q IY"fv 

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 

" 1 ilL 1 nno , An.L 139 0 0 477 209 522 " I,£K)I LUv 1,.qYO 
~ n,n 3 0 0 0 0 0 0 0 v YI" 

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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TClblo 10.3.3 ; Catches 01 age of anchovy of fhe fishery in fhe Boy 01 BIScay on ho[f year basis (1$ reportod up to 1996 to ICES WGs 
Units: Thousands £he catches of age ore equal to the addlllon of the age composition of landing and live bait cCltch~~ of anchovy 

1 
2 
3 
4 

Romor\(s 

SPAIN 
j§lriods 
A'ge 0 

1 
2 
3 
4 

ViJf.SOP 

H!ANCE 
~modS 
A!ge 0 

1 
2 
3 
4 

Vm.SOP 
R~mlalks 

218.b70 
157Al65 
31.,362 
14.,631 

lsl hell' 
0 

134.390 
119.,503 
27.,336 
14.831 

~~20 
~980 
1,777 

100.7% 

1st holf 
0 

64.280 
38.162 
4,026 

0 
0 

126,.(168 
2;941 

100.4% 

(From Urlolte et 01., 1997 WO) 

120.098 318.18:1 
13.534 92,6211 

1.664 9.954 
58 1.356 

2nd hat I 1st halt 
35.452 () 

40.172 210.64'1 
7,787 61.61}J 
1.664 7.7Hl 

58 1.35/:' 
0 9<> 

85,134 281,414 
1.632 6.95:) 

99.7% 97.9'j, 

2ndhof I 1st half 
2,688 () 

79.925 107.540 
5.747 31.01!! 

0 2,241) 

0 " 0 " 88,360 140,79;1 
1.958 3.0411 

101.0% 99.m~ 

190.113 
13,334 

596 
o 

2ndhaf I 
141.918 
47.480 

2.690 
596 

0 
0 

192.684 
1.804 

100.6% 

2nd haf I 
8,419 

142.634 
10,644 

0 
0 
0 

161.697 
3.775 

102.5% 

152,612 
123.683 
18.096 

54 

Isthallf 

0 
110.276 
92,707 

8.232 
54 
0 

211.270 
5.377 
97:1% 

Isthollf 
0 

42.336 
30,976 
9,863 

0 
0 

83.175 
1.776 

102.6% 

27,085 
10,771 
1,986 

o 

2ndhaf I 
174.803 
13.165 
9.481 
1.986 

0 
0 

199.435 
2.981 
(~.5% 

2ndhof I 
5,282 

13.919 
1.290 

0 
0 
0 

20.492 
479 

cn.8% 

847,627 
59,482 
8.175 

o 

1st half 

0 
719.678 
47.266 

8.139 
0 
0 

775,083 
16.401 
100.9% 

Istholf 
0 

127.949 
12,216 

36 
0 
0 

140.200 
2.985 
99.2% 

ti17,690 
75.999 
4.999 

o 

2ndholf I 
11.999 

~~34,021 

43.204 
4,999 

0 
0 

294.222 
7.273 
99Ji% 

2ndholf I 
4,985 

~!83.669 

32,795 
0 
0 
0 

a21,449 
7.613 

98]% 

323,877 
310.620 
29,179 

o 

1st half 
0 

210.686 
139,327 

2,657 
0 
0 

. 352.670 

8.343 
94.7% 

Istholf 
0 

113.191 
171,293 
26,522 

0 
0 

311.{107 
6.682 

101.3% 

116,290 UXll,551 
12.581 193,137 

61 16,960 
o 0 

~~nd t~[] 1st half 
81.536 0 
21,113 751.056 

1,715 131,221 
61 10,067 
0 0 
0 0 

104.425 892.344 
1.583 21.047 

911.2% 99.3% 

:;~ndt~]1 1st half 
5,111 0 

95.177 250.495 
10,866 61,916 

0 6,893 
0 0 
0 0 

111.154 319.303 
3.027 5,334 
90.6% 100.5% 

4<110,134 
:l:l,M6 

1 
o 

794,055 611,(J47 
439,655 91.977 

5,336 0 
o 0 

2nd hafLlsthalf 2ndh(IT 
13,121 0 63,'199 
]'2,154 578,219 75,1J65 
5,916 266,612 11,904 

1 967 0 
0 0 0 
0 0 0 

91.192 645.798 151.:!68 
1.621 17.206 2.:172 

100.5% 100.8% 100.2% 

2nd haf LIst half 2ndh(IT 
~:5,313 0 0 

367.980 215.836 535.:182 
~~5,530 173,043 80,073 

0 4,369 0 
0 0 0 
0 0 0 

418.823 393.248 615.255 
9,883 6,851 14,()62 

'\19.8% 101.6% 99.4% 

e:\ocfm\ wgmhsa98\ T-l033.xls 

494,61{~ 

493.437 
61.667 

o 

1st half 
0 

257,050 
315,022-
44,622 

0 
0 

616.694 
15.219 ~ 
101.3% 

bthalf 
0 

237.560 
178,415 
17,045, 

0 
0 

433.020 
7,994 

100:3% 

'355.663 
54,867 

1.325 
o 

2ndhc[] 
59.022 
47,065 
24,971 

1,325 
0 
0 

132.383 
2.478 
99.6% 

2ndhc![] 
912 

308.598 
29,896 

0 
0 
0 

339.406 
8.939 

1(1{]1.4% 

522,'361 
282,301 

76,525 
4.096 

I:sthtdf 

0 
367.924 
~206;387 

57,214 
4,096 

0 
635.621 

18.322 
102.1% 

hthalf 
0 

154.437 
75.914 
19,311 

0 
0 

249.662 
5.157 
99.4% 

18~',081 

21,771 
90 

7 

_683.009 
233,095 
31.092 
2.213 

2nd haf 0 st half 
31.101 0 
H.611 54?127 
1.333 163.010 

90 14,461 
7 2,213 
0 

50,142 721, 
902 16, 

10J.I% 99.5% 

2nd hat 0 st half 
If.,670 0 

171.470 140.882 
20.438 70.085 

0 16.631 
0 0 
0 0 

210,578 227,598 
1;,.735 4.251 
97.rrf:. 102.8% 

45~.IM 

53,156 
491~ 

42 

2nd hat ] 
5:2.2311 
n.76:1 
1:2,4(X1 

491~ 

4!! 

Im4~, 

2ndhaf ] 
5~,936 

38.3.40'1 
40.75:1 

" " " 481,08~~ 
_, 10.98;' 

99.8~; 



Table 10.3.4 Catch ot ()g,~ in numbe,rs (millions) of jI,nchovy in the B,ay of Biscay (1). 

Age 1974 1~'75 1971~ 1977 l~ml 1979 1~180 1981 19,82 198'1 1984 
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 1.322 1687 1307 405 688 0 25 166 813 
3 () 77 262 435 574 535 267 330 133 69 309 
4 () 0 0 0 7 7 0 0 0 10 46 

5+ () 0 0 0 0 0 0 0 0 0 0 
Total 1378 938 1740 2153 18a8 948 969 333 158 633 13291 

Calch 31,11? 26,302 37.261 48.191 41),219 26.349 22,102 10,815 4.991 14153 35179 

w 
D: Age 1985 1~'86 198:7 1988 1~~8~1 1990 1~'91 1992 19'~3 199.1 1995 11'9~, 

0 0 0 313.1 150.3 180.1 17.0 86.6 38.4 63.5 59.9 49.8 109.2 
1 5<1 52 3313.8 508.3 '179.7 1365.3 440.2 1441.7 1405.1 850.3 711.4 1'139.2 
2 10~; 80 171.2 106.0 '134.5 135.5 323.2 224.6 5:31.6 548.3 304.1 :286.3 
3 177 63 3:l.O 10.6 20.1 13.2 29.2 17.0 5.3 6<1.0 76.6 31.6 
4 LI 54 l,t9 1.4 0.1 0.0 0.0 0.0 0.0 0.0 4.1 2.3 
5+ 0 0 13.9 0.1 0.0 0.0 0.0 0.0 0.0 El.O 0.0 0.0 

I Tolal 339 249 604.9 776.6 1>14.4 1531.0 879.3 1721.7 2005.6 1521.5 1146.0 It>6e~ 
Calch (I) 792ci 14762 15.308 15.581 10.614 34.272 19.6ci5 37.885 40,392 . 34,631 :30,116 34,313 

(1) before 198:3 some agE31ng errors coulcl hOVE3 occurred 
(2) Since 1987 the catch'9s of anchovy used CIS live bolt In the Spanish Tuncl fishing are includEld 

e: \ acfm \wl;lffillsa98 \ T-1034.xls 



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 A __ 

f""\\,j'=' 
n nnn nnn '1 '1 .L<:) , t"'j "7"" nnn '1'- nn " "" V v.vu u.~ I I.U,") I£./U U.UV . . 1.1.77 11.77 

.. r.. .... " .. ~ n .... ,.,.., "A .... ' n" .f'\r"I 11"'11"100 n"l '"'7 .....1"\ "7"" 
1'1' . ..,,0 IO;OU I ''f • .qU £Y·.'1U I,'Y.UO £v.11 .£u./.£ 

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 

Totai 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 ~I leA version •• '.J 

TH[S [S A BETA TEST ED[T[ON OF Vl.3 

Anchovy Biscay VII[ (run: [CAAND07/l07) 

Catch in nl.lllber 

------+-.----------------------------------~--~-------------------------~--------------
Age 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
------+--------------------------------------------------------------------------------

o 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 I 14.9 1.4 LO i.a i.a LO i.a i.O 4.i 2.3 
5. 8.9 1.0 1.0 LO 1.0 1.0 1.0 1.0 1.0 1.0 

______ + _______________________________________________ -----0------------_·-_·----------
Thousands 

Predicted Catch' in Nunber 

------+------------------~--.----------.-------------- -------------------.-------------
Age 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
------+--------~-~~~-~~~~----------------~~==~~~~~~~~~~~~~-----------------------------

a 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) 

-----.+.------------- .... ------------.-----~---.---- .. ~-.------ .. ---.---------------.--
.4ge ! 1987 1988 1989 1990 1001 1992 1993 1994 1995 1996 
------+--------.---.----------------------------~----- ---------------------------------

o .012000 .005000 .013000 .007000 .014000 .013000 .012000 .015000 .015000 .012000 
.021000 .022000 .020000 .C22CCO .C2CCOO .021000 .018000 .u"uuuu .u,,'tuuu .u"wuu 

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) 

-.----+------- .. --------.------------------------~----~--------------------------------
Age 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
------+-------.-.---------.-----------------~-------------~~~~~ ~~~~~----------------

a .013000 .013000 .013000 .010000 .015000 .012000 .012000 .015000 .012000 .012000 
1 .016000 .016000 .016000 .016000 .017000 .015000 .016000 .017000 .016000 .016000 
2 n~nf'lf'ln f'l~I"'If'lnn .029000 _u~uuuu .028000 .032000 .027000 .026000 .027000 .027000 .Uo:;.7UUU .uo:;.7UUU 

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 Mortal ity (per year) 

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

0 I 1.2000 1.2000 1.2000 1.2000 1.:WOO f\- ~nnn .. ~nnn 1.2000 .. .... ......... t.2000 
I 

I.,"UUU l .. o:;.VUU I_'UUU 

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 I .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 I 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
3 I i.QOOO 1.0000 1.0000 1.0000 i.uOOO i.uOOO 1.0000 i.uOOO 1.0000 i.OOOO 

~ I i:~~~~ 1:~~~~ 1:~~~~ i:~~~6 1:~666 1:666~ 1:~~~~ 1:6666 i:~~~~ i:~666 
------+----------------------------------------------- --------~-~-.--------------------

Units 

INDICES OF SPAWNING BIOMASS 

INDEX1 

------+----------------------------------------------------------------------------------------
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 19921993 1994 
------+----------------------------------------------------------------I 656.0 2349.0 246.0 5613.0 670.5 5571.0 1.0 2457.0 

2 I 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 

flTC2: ACOUSTIC SUR\~YS (Catch: Unkno~n) 

------+-------------------------------~J 
Age i989 i990 i99i 
------+--------------------------------' 

1 I 400.0 ••••••• 1873.0 ,9072.0 
2 405.0 •••••• * 1300.0 270.0 

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

Fishing Mortality (per year) 

------+----------------------------------------------- ---------------~-----------------
Age 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
- - - ---+- -- - ---- - - - - - - - - - ---- - - - -- - --- - - --- - - - - -- --- - _. - - - ------ ---- - - - - - ---- --- - - - -'- - ---, ....... I:'J ...... ~~ ...... L'7 ....... L .. ..... I I ............ ...... 1:'& ... ".r/" ,,~ .0085 V • uu ... '+ .uu ...... _UUl;Jf .uuu. .u . .,.,+ .\lUr,17 .uu ... g .U\I....,. .uur~ 

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 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 
------+------------------------------~-~---------~--------.--.--.---------------~~-----------~-o I 8267. 3641. 21990. 7506, •. 28271. 28003. 14455. 12335, 14650. 17065. 12100 . 
. 1 1847. 2477. 1091. 6579. 2247. 8393, 8360. 4329. 3692. 4380. 5096. 

2 I 577. . 418. 558. 230. 1439. 317. 1584. 1853. 931. 755. 843. 
3 I 143. 79. 57~ 63-. 29. 54. 26. 205. 22i. 97.; 66. 

~ I 1~:: 2;: 1~: ~: 1~: ~: j: t 3~: 3~: 1~: 
------+------------------------------._----------------------------------.-------------.-------

Thousands 

We;ghting factors for the catches in number 

------+------------------------------------------------------------------------------.-
Age I 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
------+--------------------------------------------------------------------------------

o I .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 I .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 

INDEXl 

------+----------------------------------------------------------------------------------------
1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 

------+----------------------------------------------------------------------------------------
I 30391. 29905. 17783. 63438. 29569. 71262. 999990. 65521. 46672. 47189. 53504. 

------+---------------------------------------------~- -----------------------------------------
Units 

INDEX2 

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 
------+----------------------------------------------------------------------------------------

1 ! 999990_ 999990_ 23663_ 999990. 39347. 94826. 999990_ 999990. 999990. 999990. 999990. 
------+----------------------------------------------------------------------------------------

Units 

Predicted Age-Structured Index Values 

FLT01: DEPM SURVEYS (Catch: Unknown) (EfPredicted 

------+----------------------------------------------~ -----------------
Age I 1987 1988 1989 1990 .1991 1992 1993 1994 
------+----------------------------------------------------------------

1 I 911.6 

~ I ~~;:~ 
1220.2 

161.6 
44.7 

520.9 3196.2 886.0 3801.4 
198.1 85.7 301.3 97.1 
28.6 30.6 10.5 20.8 

------.------------------------------------~---- .. ==---
Thousands 

FLT02: ACOUSTIC SURVEYS (Catch: Unknown)Predicted 

------+--------------------------------
Age 1989 1990 1991 1992 
------+--------------------------------

1 792.5 ******* 1452_5 "5904.5 
2 535.3 ******* 906.3 293.0 

------+-----~--------------------------
Units 
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1.0 2085.7 
1.0 674.3 
1.0 87.2 



Table 10.6.1 (Cont'd) 

Fitted Selection Pattern 

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

0 

I 
.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 I .7142 .7142 .7142 .7142 .7142 .7142 .7142 .7142 .7142 .7142 
4 I 1.0GOO j .OOOG i.OOGO i.OOOO i .0000 i .0000 i .0000 i.OOOO i .0000 i .0000 
5 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 ____ - _+ _______________ - - __ • ________ - - - - - - _______ , __ - - - ______ Ra_a'. - - 0- _____ .0 ____________ 

Units 

STOCK SUMMARY 
------------. 

Year Recruits Total Spawning I 
Age 0 Biomass. Biomass . 
thousands tonnes tonnes I 

1987 8267160 165794 30391 
1988 3640960 102704 29905 
1989 21990040 321970 17782 
1990 7506070 189858 63438 
1991 28271470 503988 29569 
1992 28002550 473938 71261 
1993 14454910 351201 95497 
1994 12334950 3i3626 6552i 
1995 14650390 268551 46671 
1996 17065410 299677 47188 

I FAP run code: 107 

No of years for separable analysis 
Age range in the anaLysis 

10 
o 5 

Landings I 
tonn'es I 

15308 
15581 
10614 
342n 
19635 
37885 
40392 
34631 
30116 
34373 

Year range in the analysis 1987 1996 
N~,bei of ir~ices of SSB 
Number of age-structured indices 2 
Parameters to estimate 30 
Number of observations 90 

Yieldl 
SSB 

ratio 

.5037 

.5210 

.5969 

.5402 

.6640 

.5316 

.4230 

.5285 

.6453 

.n84 

Conventional single selection -vector model to 'be fitted. 

Mean F 
Ages 

1- 3 

;5461 
.5536 
.6784 
.6100 

1.4486 
.8919 
.5846 
.6430 
.7383 
.8554 

----------------------r------------------------------------------

PARAMETER ESTIMATES 

I parml I Maxi .... I ~.1 No. Lik"l ih. Lower Upper -s .. e. +s.e. 
c .... ~ ... "'i' ... 95% CL 95% CL I I 1 - ... ~ • .......... 1 ""'I 

Separable Model: Reference F by year 
1 1987 .7887 32 .4167 1.4929 .5696 1.0922 
2 1988 .7995 28 .4558 1.4022 .6002 1.0649 
3 1989 .9798 21 .6382 1.5043 .7873 1.2194 
4 1990 .8810 22 .5635 1.3774· .7014 1.1066 
5 1991 2.0921 15 1.5570 2.8113 , 1.7994 2.4325 
6 1992 1.2881 22 .8278 2.0044 1.0280 1.6141 
7 1993 .8443 24 .5224 1.3645 .6608 1.0786 
• . "",,- """&L , . ~-'-L"" • ~""7'1 ~" • ~"'I:'? 
0 177'+ .7''''''' <- .-'UYl;, I .-'l;,-' I ." 1'+ 1.17"'" 

9 1995 1.0663 29 .5989 1.8987 .7944 1.4313 
10 1996 1.2354 41 .5443 2.8043 .8132 1.8770 

Separable Model: Selection CS) by age 
11 0 .0069 44 .0029 .0166 .0044 .0108 
12 1 .3630 18 .2546 .5174 .3029 .4349 

2 " nnnn Fixed: 1'0_,,------ ___ 
I .......... .., "' .. , .. , .. " ..... CI~" 

13 3 .7142 19 .4893 1.0424 .5889 .8662 
4 1.0000 Fixed : last true age 

Separable Model: Populations in year 1996 
14 0 17065410 48 6594144 44164671 10505669 2ml053 
15 1 4380346 33 2261502 8484374 3126245 6137533 
16 2 755036 31 408849 1394352 552137 1032496 
17 3 96505 38 45320 205495 65625 141914 

330 

SoP 

(%)~ 

99 
100 
99 

100 
96 

101 
100 
iOO 
101 
101 

Mean of I 
Param .. 
..-{; ...... ;~ -,- .. , '-·1 

.8316-

.8330 
1.0035 

.9042 
2.1160 
1.3213 

.8700 
"'I:D"7 

.7-'101' 

1.1135 
1.3483 

;0076 
.3689 

.7276 

19196602 
4636741 

792934 
103954 



Table 10.6.1 (Cont'd) 

18 4 31016 " ""l~':' . ~ , .... "', ... 

SeparabLe Model: PopuLations at age 4 
19 1907 i68946 119 16247 
20 1988 24478 
21 1989 13447 
22 1990 8461 
23 1991 10127 
24 1992 1940 
25 1993 6420 
26 1994 4334 
27 1995 31821 

SSB Index catchabilities 
INDEXl 

70 
37 
33 
30 
40 
40 
39 
36 

Used as absolute estimator. 

6144 
6461 
4368 
5564 
868 

2891 
1996 

15615 

No fitted catchability for this index. 
INDEX2 

'7'7L'7n . .nil .. ,~u .. ~ V 34591 1r"""7 17_' "'7"tU, 

1756724 Soil 55 557960 344896 
97513 12092 49550 31388 .. 
27985 9252 19544 14421 
16389 6038 11855 8956 
18431 7461 13746 10611 
4334 1288 2924 2110 

14257 4273 9646 6975 
9412 2918 6438 4687 

64847 22130 45757 33991 

28 2 Q 1.331 24 1.050 2.764 1.331 2.181 1.756 

Age-structured index catchabilities 
FLT01: DEPM SURVEYS (Catch: Unknown> (Ef 

AbsoLute estimator: No fitted eatehability. 

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 ! 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
------+--------------------------------------------------------------------------------

o .379 2.558 .738 -.442 -1.001 -1.322 .263 .269 -.226 .• 260 
.208 .308 - .090 .233 -.530 = .281 ftLn ,,, -.007 • IDY .uuu • l..;p~ 

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 

SPA~ING BIDMASS INDEX RESIDUALS 

INDEXl 

------+--------_._------------------------------------ -------------------------------------~~~~ 
I 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 

------+----------------------------------------------------------_ .. _--------------------------
I =.034 .753 ~.170 .427 -.~'D .241 -1.000 .Uf~ .~Uj -.i78 -.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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Table 10.6.1. (Cont'd) 

A;2 I 1987 1988 1989 1990. 1991 1992 1993 1994 
------+----------------------------------------------------------------

·.329 .655 ·.750 .563 -.279 .382 -1.000 .164 
2 
3 

.388 

.032 
.468 
.420 

.039 
-.463 

.ryl 
.267 

-.037 
-.778 

.768 -LOOO 
- .219 -1.000 

.399 
-.479 

------+---------------------------------~------------- -----.-----------
Units 

FLT02: ACOUSTIC SURVEYS (Catcn: Unknowni 

------+--------------------------------
Age I 1989 1990 1991 1992 
------+--------------------------------

1 I -.684 -1.000 .254 .429 
2 -.279 -1.000 .361 ·.082 

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

PARAMETERS OF THE DISTRIBUTION OF In CATCHES AT AGE 

Separable ~Ddet fitted 
Variance 
Skewness test statistic 
Kurtosis test statistic 
Partial chi-square 
Significance in fit 
Oegrees of freedom 

from 1987 to 1996 
.1852 

-2.2663 
2.4112 

.3715 

.0000 
23 

PARAMETERS OF THE DISTRIBUTION OF THE SS8 INDICES 

DISTRIBUTION STATISTICS FOR INDEXl 

Index used as absoLute measure-of abundance. 
Last age is a plUS=giOU~. 

Variance 
Skewness test statistic 
Kurtosis test statistic 
Partial chi-square 
Significance in fit 

Degrees of freedom 
Weight in the anaLysis 

.1152 
1.5137 

.0194 

.1097 

.0000 
10 
10 

1.0000 

DISTRI8UTION STATISTICS FOR 

Linear catchabi L ity relationship'"assuned. 
Last age is a plus-group. 

Variance 
Skewness test statistic 
Kurtosis test statistic 
Partial chi-square 
Significance in fit 
Number of observations 
Degrees of fieed~" 
Weight in the analysis 

.2098 

.1764 
·.5303 

.0405 

.0000 
3 
2 

1.0000 

INDEX2 

PARAMETERS OF THE DISTRI8UTION OF THE AGE-STRUCTURED INDICES 
------------------------------------~--------~--~----~ ------

DISTRIBUTION STATISTICS FOR rLTC1; DEPM SURVEYS (Catch; UnkrNWn) (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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Table 10.6.1 (Cont'd) 

Partial chi-". ... " ...... .. "'f ......... .0797 ~C998 .0899 
. Signjf.i~ance in fit .0000 .0000 .0000 

Number of data 7 7 7 
Degrees of freedom 7 7 7 
Weight in analysis .6667 .6667 •. 6667 

DISTRIBUTION STATISTICS FOR FLT02: ACOUSTIC SURVEYS (Catch: Unknown) 

Age 1 2 
Variance .2687 .0805 
Skewness test stat. ·.4522 .3042 
Kurtosis test stat. ·.5303 ·.5303 
Partial chi-square .. 0751 .0245 
".: __ :.1:: _____ 

in fit .0369 .0122 ~I!:II'I I IIoOGlI.\,;t: 

NlJIlber of data 3 _3 
Degrees of freedom 2 2 
Weight in analysis .7500 .7500 

~ALYSIS OF VARIANCE TABLE 

Unweighted Statistics 

5SQ Data Params d.f. 
Variance 

Total for Model 39.7349 
Catches at Age 32.4623 

90 
50 

30· 
27 

60 
23. 

SSB Indices 
INDEXl 
INDEX2 

Aged Indices 
FlT01: DEPM SURVEYS (Catch; Unknown) (E 

FLT02: ACOUSTIC SURVEYS (Catch: Unknown 

Weighted Statistics 

Variance 

5SB Indices 
INDEX1 
INDEX2 

Aged Indices 

Tota L for Model 

FLT01: DEPM SURVEYS (Catch: Unknown) (E 

FlT02: AC~JST!C SURVEYS (Catch: Unknown 

1.1519 
.4196 

4.7698 

.9313 

10 
3 

21 

6 

0' 
1 

o 

2 

10 
2 

21 

4 

SSQ Data Params d. f; 

8.4749 
4.2596 

1.1519 
.4196 

2.1199 

.5238 

90 
50 

10 
3 

21 

6 
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30 
27 

o 
1 

o 

2 

60 
23 

10 
2 

21 

4 

.6622 
1.4114 

.1152 

.2098 

.2271 

.2328 

.1412 

.1852 

.1152 

.2098 

.1009 

.1310 



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 MaturitylproP.Of FlproPeOf MI Weight Exploit. I Weight 
"-- size iTlOrtal ity ugive bef.spaw. bef.spaw. in stock pattern in catch ft," 

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+ ':I' nnn • ...nnn 1.0000 .............. 0.3750 4i.OOO i.2354 38-.820 J .......... J .,"'uu U ... UUU 

I Unit Mil Uons I 
, 

Grams Grams 

Year: 1998 , 

I Recruit-l Natural I MaturitylProp.of FIProp.of NI Weight I Exploit. I Weight 
Age ment lmortalityl ogive !bef.spaw.!befoSpaW., in stock I pattern I in catch

l 
o 1113316.00011 i.200011 0.00001

1 
0.4000110.37501' 12.7001 0.00851 11.8001 

1 1 ,nnn 1 nnnn n J..nnn n ~7IO:n ,,"- 11.... n I.J.DJ. .,n a'7n · . ----- . ----- -.~---
_._ . ..,- , ............. v ..... "'"""""' "'-........... 

." 
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 

.. -~~ ...... I unn 11'I1LL10nsI . . . . Grams . I Grams I 
I 

Recruit-
Age ment 

0 13316.000 

-4 
5+ 

Unit Mil lions 

Natural 
mortal ity 

1 :2000 
1.2000 I 
1. 2000 1 
1 ']nnn ............... 
1.2000 
1.2000 

. 

Maturity 
ogive 

0_0000 
1.00001 
1.00001 
'" nnnn 
I ......... 

1.0000 
1.0000. 

. 

Notes: RUn name MANAND01 
Date and time: 16SEP97:1?:46 

Year: 1999 

Prop~of F 
bef.spaw. 

0..4000 
0.40001 
0. 4000 1 
n ll"llnn ............. 
0.4000 
0.4000 

. 

Prop.of M 
bef.spaw. 

0.3750 • 
0.37501 
0.3750 1 ' 
n '':!'''7I:n . u • .,,"'u 
0.3750 
0.3750 

. 

334 

Weight 
in stock 

12.700 
16.1401 
28. 390 1' 
'77 4 ... n 
J~ • • ,U 
37.000 
41.000 

Grams 

ExpLoit. 
pattern 

0.0085 

U.~ .. 

1.2354 
1.2354 

. 

i 

Weight 
in catch 

11.800 

.;JI .. ~;1;1U 

36.270 
38.820 

Grams 

17:18 Tuesday~',' S~t'~r 16, 1997 



Table to.8.tb 

The SAS System 
Anchovy in the Bay of Biscay (Fishing Area VIII) 

Prediction with management option table 

F I Reference I Stock I sp,ostockl Catch inl 
Year: 1997 I 

Factor F bi0fliCl55 cl'Oi'naSS weight 

1.0000 0.8554 

· 

· 
· · 
- -

Notes: Run name 
Date and time 

278048 

Tonnes 

· 
· 
· 
· 
: 1 

·1 
· 

54343 

· · · · 
: 1 

·1 

· 

36596 

· 
· 
· 

· · · 
Tonnes Tonnes 

MANANDOl 
16SEP97:1j':46 

Year: 1998 

F I Reference 1 Stock 
Factor F biomass 

0.0000 0.0000 263930 
0.2000 0.1711 
0.4000 0.3422 
0.6000 ' 0.5132 
0.8000 0.6843 . ............ - --_. 

1.6000 1.3686 
1.8000 1.5397 
2.0000 1.7108 . 
- - Tonnes 

" 

Computation of ref. F Simpte msan, ;:;;e 1 -.3 
Basis for 1997 F fac~ors 

335 

17:18 Tuesday. September 16~ 1997 

SPostockl C~tch inl Stock I spo stock ! 
Year: 1999 I 

biomass weight biomass biomass 

60458 0 278570 69793 
5n18 8352 273243 62700 
54196 15718 268663 56803 
51373 22253 264700 51853 
48735 28085 261252 47660 . ~-.- ---_ ... ... --~-- _ .. ~. 

39754 46222 251137 35913 
37844 49788 249273 33812 
36049 53062 247602 31935 

Tonnes Tonnes Tonnes Tonnes 



T,~ble 10 .. 10 • .1: Short teJ.1~l consIderations for 1997 and 1998 
for anchovy in the Bay of Biscay.· 

I ITAC~33,000 tonnel F stoch. = Fl996 

I 
1 

1997 Stock 7S% 72,411tonnes 
Catch S% 19,781 tonnes 

ICatch SO% 139,007 tonnes 
ICatch 75% 153,646 tonnes 

Stock size 

Stock s% 

47,595 tonnes 
19,484 tonnes 

Stock SO% 48,706 tonnes 
1998 IStock,.«. 167.566 tonnes 

ICatch ~~- 117:375 tonnes 
Catch SO% 37,110 tonnes 
Catch 7S% 49,855 tonnes 

75,411 tonnes 
15;633 tonnes 

138,775 tonnes 
'. 158,534 tonnes 

46,046 tonnes 
19,309 tonnes 
50,733 tonnes 

171.339 tonnes 
115876 tonnes 
37,140 tonnes 
51,756 tonnes 

F"",_ : Fstochastic with a CV estimated with the rCA assessment 

These e~stimate..d probabilities are caJculated on Lhe 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 dynamics and estimates of uncertainty and risk 
could underestimated. 

e:\ acfm \ wgmhsa98 \ T-lOl Ol .xls 
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Figure 10.1.1: Bay of Biscay anchovy: Historical evolution of the 
fishery since 1940 rl-----S::-p-a":""in-,V""II"'lbc---,1 

,-----------------------1- - - France VII lab 

1 7 
8 

o:~~1 I r- I d 1'1._1' .. I.J'\.J 

~:~~r-JJ ·1.1::' ~ 'vn~~,<~ 
01 [ I i I I I I I I 1 I I I I t 1"1 1'1 "1 If I 'If 11 I I I I I r-I I .., ISf t"!! 1"1 I I t I I I J I I tJ 
~ ~ ~ I ~ ~ ~ i ~ ~ ~ ~ ~ E ~ ~ ~ i ~ 

~ ~ ~ ~ - - - - - - - - -
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 

e: \ acfm \ wgmhsa98 \ F-1 01 1 .xls 337 



50 
45 
40 
35 
30 

", ~) 25 ", 0' 0' 

20 
15 
10 
5 
0 

Fi!~ure 10.11.2: Mleun monthl~v catche:s (19912-11996) 1folr the 
Flrench ~md Sp~mi!;h an(:holvy fishelries in Sub-ar~~aIVIII 
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Figure 10.2.1: Relalionship between spawning biomass (I) and extension of Ihe spawning area (km"2) 
and DEP for Ihe Bay of Biscay anchovy populalion. 
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Figure: 1 O.2.2:Re!ationship among spawning biomass and the spawning area and the DEP. 
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Fig-ure 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 (Coot'd) 
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Figure 10.6.1 (Conl'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 of 1996 & 1997 of the anchovy assessment in Subarea VIII 
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11 ANCHOVY IN DIVISION IXa 

11.1 The Fishery in 1996 

In 1996 the anchovy fishery in Division IXa was situated as in previous years (1988 to 1994) in the Gulf of 
Cadiz, anchovy being the target species of the Spanish tleet in this area. Due to the market height prices in the 
northern part of Division IXa, anchovy is the target species of the Spanish and Portuguese purse seine fieets when 
abundance is high, as occurred-in 1995. This increase in anchovy abundance in this area in 1995 may have been 
due to a variation in thermohaline conditioDScinthe coastal waters northwest of the Iberian Peninsula, less saline 
and wanner than in preceding years (ICES 1997/C:3), creating more favourable conditions for reproduction and 
la..~,."a1 su..r.;/ival·In 1996'a cr..ange in t.~e pre\'lcusly-described trend came about, V'.ith lower temperatu . .I""eS and 
increased salinity being registered.(!CES 1997JC:3). L~ 1996 a..l1chovy abunda.llce in t.lJe ncrt ... ltern pa..rt of Division 
IXa was low j as is usual in this are..a. 

The Spanish fleet in the Gulf of Cadiz is maiulymade up of purse-seiners (ICES 19921 Assess: 17) though 
currently there is another kind of fleet in the form of trawlers whose usual target species is the prawn. Some of 
these trawlers switch to targeting anchovy in years when the yield, of prawns is low. The Spanish fleet in the west 
of Galicia is composed of purse _ seiners. The Portuguese fleet -is made up, in the main, of purse-seiners, some 
trawlers and artisanal ships, which catch a very small quantity of anchovies. 

11.1.1 Landings in Division IXa 

The total catcb in 1996 was 4,595 t, a great fall with respect to 1995 (12,956 t). The catch in 1996 was lower in 
both countries with respect to: 1995 owing to'L\e fall-. in th,e catcb in the nOr"Ji6m pat--t of Division DCa. 
Nevertheless, t.l:le Spa.-rlish catch L.'1 Division IY"~ Scut.~ (Gulf of Cadiz) increased v.'it.~ respect to 1995. alLi.ough 
catch levels rew..ai.'llow with respect to t.l)e period from 1988 to 1-994. (Table 11.1.1 and Figure 11.1.1). 

Table I 1.1.2 shows the catch by fishing gear and by countrY. In both countries the main part of the catch was 
taken using pursecseine, this gear accounting for 90% in the Spanish and 95% in the Portuguese fisheries. In 1996 
in the Gulf of Cadiz, the trawl catch increased with respect to 1995. As previously mentioned, these catches 
depend on the greater or lesser abundance of prawns, the target species of the trawl fleet. 

From 1943 to 1987 data of catches were only provided by Portugal, and during this period catches varied 
between 23 t and 12610 t (Table 11.1.1). The Portuguese annual landings alternate between periods of high 
catches (1936-1940, 1942-1948, 1955-1957, 1962-1966 and 1995) and periods of very low catch levels (1927-
1936, 1966-1976, 1979-1984 and 1987-1994) (pestana, 1996). Data of Spanish catches in the Gulf of Cadiz 
(Sub-division IXa South) for this period cannot be given since they have been combined with anchovy catches in 
the area of ~Y1orocco, a'-"ld catches in Galician waters (Sub-division DCa Noi""'ui.) aie not available. 

11.1.2 Landings by Sob·division 

The distribution of Spanish catches in 1996 was similar to that of the years 1988-1994 (ICES 19921Assess:17; 
ICES 1993/Assess:19; ICES 1995/Assess:2 and ICES 19961Assess:7) and completely different to that of 1995 
(ICES 1997/Assess:3). In 1996, the greatest catches (98%) were found in Sub-division IXa South (Gulf of 
Cadiz), and the rest (2%) in Sub-division IXa North (West of Galicia). Catches in the Gulf of Cadiz come about 
throughout the whole year, increasing in spring and summer (Table 11.1.3). 

The greatest contribution to Portuguese annual landings came from IXa South during the period 1943-1967 
(mean value 4,526 t). After this period the landings decreased to 386 t (mean value) from 1968 to 1983 and to 
32 t (mean value) from 1984 to 1991. In 11,e last 5 years the landings were less than 1 tonne. In Sub~division IXa 
Central-Nort' .... ' the..~ were alternate periods of relatively hig.i. and low la.,dhlgs. ~&ter 1984 landings of Sub
division IXa Central-North made the greatest contribution to the total annual landings (mean value 1,116 t). The 
mean percentage of the landings by Sub-division (1970-1995) is 70% of the total in IXa Central-North, 5% in 
IXa Central-South and 20% in IXa South. The same landing pattern occurs in Sub-divisions IXa Central-North 
and Central-South during the period from 1970-1994 and in 1995. (Pestana, 1996). In 1996, catches in Sub
division IXa Central-North and Central-South fen but maintained 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 tITSt and fourth quarter (Table 11.1.3). 

Tue :data provided. of fishing effort :and- CPl.i'E indices of anchovy in Division :iXa refer to 'the-'Spanish_ purse-,seine 
fleet in the.Bay.of Cadiz from 1988 to . I 996 and to the Spanish purse-seine fleet in Sub-division IXa North in 
I 995 and J 996 (Tables Il.2.1. and 11.2.2). No Portuguese data are available . 

.. Effort .!!I..e2;Sured as-t.lte number of effective :fishing trips ,made: by' t..'1e five -fleets of the Gulf of-Cadiz a..'1d~the 
CPUE series_shows a;declining trend to 1995 in all fleets,; with as!!,~11 increase·,in-1996 (Figure 11.2.-1); 

11.3 Catch in Number at Age 

Catches: at age of anchovy .inSuJ>.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 
.:.h11 ... .r1 ........... .... A +h ........ t"'l h; .......... " .. · ... co+.; ........ + ... ...t ·n ....... ,:;. C~Q t IT""''CC' 1 0.0.,/11. "' ...... "' .... ~\ 
.,. ................ n ..... , g,a ....... ~ ...... v ...... ,u.v.U~' .... ."L .... llU.L ........... "'" u ........... L \ ......... .I.J'O.jI ' ... 77-'/~." .... ".".~j. 

The ,regulatory ,meastires were the ,same as for the previous year and are summarised by MiIIan and ViIIamor 
. (WO 1992). In. 1996, the purse-seine :fleet in the Bay of Cadiz stopped operating voluntarily in February and 

Mllfch 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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'1'ablA 11.1.1; Portuguese and Spanish annual landings of ANCHOVY in Division IXa. 

{Fro.-n P~stana, 1989 and 1996 and WCirking Group me. • .ber.si. 
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Table 1:1. lL. 2. ANCEIOVY J:Xa. Cat.,h"s (t) by go,ar and by COUI1tl:Y in 19811-1.996. 

Coun1cry /Quarter 1988* lL989* ~9!IO* 19~!Jl .. r 1!192: 199:1 1994 1995* ~996 

SI1AJ:N 4263 5454 6131 5711 3028 1961 3153 5900 1823 

Purse Stairle .IXa Nortb 118 220 15 33 1 117 5329 44 

Purse slaine :IXa South 4263 5336 5911 5696 299!:, 1630 2884 496 1556 

Trawl :r:!c: IL South 0.0 0.0 0 .. 0 0.0 0.0 330 152 75 224 

~'ORroGAL 458 496 541 210 275 23 237 7056 2771 

Trawl 4 9 1 56 
Purse steine 458 496 541 210 270 14 233 7056 2621 
Artisan,.l 1 1 3 94 

'" c>-,,, 
Total L 4721 5950 6672 5921 3303- 198~1 3390 12956 ·~595 

* Portw;:ral data without separate the catch by g€!ar 
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Tabl .• lLl.l.3. Anchovy catC'hl~s (t) in Division IXa by ,oOlmtry and Sl.1bdivisions in 1996. 

-,-
QUI~T:e:R 1 QU1~'l'BR 2 i QUARTBR 3 QUlUlTBR " ;IWUAL 

COtn!I'l'RY IStlrlm:[VIS:IONS C(t) .. 'O(t:) .. i ,- C(t) .. C(t) .. '0 (t) .. 
i 

n:. l~orth 11 24.5 6 13.6 I 22 49.9 5 12.0 H 2.4 
SPJllIN I IlI:a 19'outh 41 2.3 80'7 45.3 585 32.9 348 19.5 17110 97.6 

'l'CITAl~ 52 2.8 ,812 ... i 607 33.3 353 19:3 1824 

.r-
IlI:& c~$ntral N'oz'th 1289 47.6 ! 22'7 8.4 189 7.0 1002 37.0 2707 97.7 

P()RT'IJGAL I Ilia c~,.ntral Souith 0.4 3.2 

I 
1 6.9 0 0.0 12 89.9 13 0.5 

IlI:a l!l'outh 0 0.0 0.64 1.2 I 0.51 1.0 50.02 97.8 S1.16 1.8 , I TOITAl:' 1290 46.5 I 229 8.3 189 6. e 1064 38.4 27'11 
I 

';T' '-' IIX .. Ilorth 11 24.5 6 13.6 

I 
22 49.9 5 12.0 44 0.9 ," IXa (:entral Nox,th 1289 n.6 I 22'1 8.4 1B9 7.0 1002 37.0 2707 58.9 ,.., 

'rO'I'AL IXa (:entral Sou,th 0 3,.2 I 1 6.9 0 0.0 12 B9.9 13 0.3 
IXa uouth 41 2.2 

I 
807 44.1 i 586 32.0 39B 21.7 1B31 39.9 

'l'OTAl~ 1341 29.2 1041 22.7 f 796 17.3 1417 30. B 4595 
! 

,~, 
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Table 11.2.1 ANCHOVY in Division IXa.. :Effort data 
fishing trips. 

Spain IXa South (Bay of Cadi.~) and Spa.in IXa North (Galician South) nut! 

BARBATJ!: 

Year Single purpc,se 

1988 3958 
1989 4415 
1990 4622 
1991 3981 
1992 3450 
1993 2152 
In4 1625 
1995 528 
1996 1595 " 

SUB-])J:VJ:SJ:ON IlCa SOUTH 

PllRSE llEJ:NE 

BlUll!IATE SJ>N LUCAR 

IIult, • .... 13. ti pllrpose iL Illur.;pose Wo 

17 
39 
n 
40 

116 
5 

'6'9 

17 
89 

No. fishing trip 

210 
234 
660 
919 
58:' 
22!i 
899 
377 

1659 

J:. CilJ:STJ:NA 
SdLng'le purpose 

196 
22 
76 

i= SUB-DJ:VJ:SJ:ClN J:Xa NORTH 
PUllSli SlnNE 

I. C:azSTINA v::rGO R::rVE:IIU!~ 

Multi purpose 

I No. fishing trip 

28 
17 1537 252 
55 32 3 

Table 11.2.2 ANCHOVY i.n Division IXa. Spain IXa Sou1th (Bay of: Cad:Lz) and spain J:xa North (Gi:t.lician South) CPUE series in 
fisheries 

BARBlLTJ!: 

Year -I Single purpuse 

1988 1047 
1989 1139 
1990 1128 
1991 1312 
1992 819 
1993 641 
1994 1326 
1995 377 
1996 497 

. _____ SUB-I)J:VJ:SJ:ON J:Xa SClUTH +. 

.~ __ ....!Pc::~IRS" I:~!E:::J::::NE=-__ 

!U:utJ:IATE SJ>N LUCAR J:. CE:J:STJ:NA :I • C:RJ:STJ:NA 

DV Ntll.ti purpose S~.ngl'le purpose MtJLlti purpose IIultll P'U1"J~O--

461 
534 
287 
339 
173 
268 
262 
134 
315 

kg/NO. fishing trip 
420 
943 
643 
456 
300 
22~i 

39B 
166 
24~6: ___ _ 

204 
!52 

137 
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174 
25 

157 

SUB-DJ:VJ:Bl:()N l:Xa NORTH 

PUllSE SI::::~l::;:NE=_,--_. 

V:IGO R::tVB:IRJ!!. 

kg/No. fishing trip 

2509 
847 

2286 
4 
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Figure 11.1;1: F'ortuguese and Spanish annulallandings of AIIClflOVY in Divi!Iioll IXa since 1943. 
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12 DATA REQUESTED BY THE MULTISPECIES WORKING GROUP 

12.1 Mackerel 

The catch of mackerel belonging to the North Sea stock has been included in the catches of the western stock 
since 1987. 

While the total catch of mackerel in Sub-area IV declined in 1996 (206,675 tonnes) compared with 1995 
(317,806 tonnes) no notable changes have taken place in the fishery in Division ilia in 1996 (6,164 tonnes) 
compared with 1995 (5,756 tonnes). Results of egg surveys carried out in 1996 (ICES 19971H:4) confimjed that 
t..lte stock is close to all historic.:.l1y,IO'1.'/ level. The total catch of Nor-b' Sea stOCk IJI..ackerel was again assumed to 
be 10,000 tonnes or 4.7% of the tot~l 1996 catch. 

12.1.1 Catch in numbers at age by quarter for the North Sea mackerel stock 

The total catch in numbers of the North Sea stock for 1996. was calculated assuming a North Sea stock 
component of 10,000 tonnes and a mean weight in the catch equal to that ·of mackerel in Sub-area IV and 
Division IlIa (Tables 2.8 and 2.12) with additional mean weight at age data in the 2nd and 3rd quarter (Sub-area 
IV and Division IlIa) 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 ilia, and across ages 
using the proportion at age observed in samples taken during the 1996 egg survey (Table 12.2). 

12.1.2 Weight at age in the stock 

Ne\v data from egg su..-rveys (ICES 1997lH:4) on "Neight at age in t.lte stock for t.lte second and t.h.ird qua...rt..er ef 
1996 ~e,pr~sente~ (Table 12.1): Remaining data are given in 1997 (ICES 1997!Assess:3). 

12.1.3 Stock distribution by quarter 

Although there appears to be some evidence suggesting a change in the distribution of mackerel in the North Sea, 
the working group did not have sufficient information to justify altering the distributions presented (Table 12.3) 
in previous reports (ICES 1997/Assess:3). 

12.2 Horse Mackerel 

12.2.1 Catch in numbers and weight at age by quarter for the North Sea horse mackerel stock 

Since 1995 t.1te proportion of North Sea horse mackerel taken for human COIlSu..~ption has risen above 70%. 
De-tails oft.l].e catch in nunlbe-rs a.'ld t..he· weight at age a.Te- given in Table 5.3.1. 

12.2.2 Stock distribntion by quarter 

The North Sea Horse Mackerel stock are known to migrate south to the Channel during the 4th quarter and to be 
back in the 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 still no information about the numbers of western horse mackerel which migrate into the northern North 
Sea during the 3rd and 4th quarters of the year. From 1982 to 1986 catches of horse mackerel in Division IVa 
were low «1,000 tonnes) indicating very little migration. However, since then catches have increased to a 
maximu.--n of 113,OOOt in 1990, wbich was about 30% of Li;.c total western stock catch. Since 1994 catches rUive 
declined and in 1996 the provisional catch in Division IVa ,vas about 18,000 t (Table 4.3.1) or 4.6% oft.l:le total 
western stock catch. 

Due to decreasing catches by Norway in Division IV a and a reduction in the modelled inflow of Atlantic water to 
the North Sea in 1996 (Iversen et al. WO 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, and 1 % in the fIrst quarters of the year 
(Table 12.4). 

The Working Group noted the termination of the Multispecies Working Group in 1997. 
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Table 12.1 

Age I 
Wt(g)117 

Table 12.2 

North Sea Mackerel: Mean weight at age (g) in 2nd and 3rdquarter of 1996 inStib:area N and 
Division IlIa. 

2 3 4 S 6 7 8 9 10 11 12 13 14 IS+ 
194 . 333 456 469 41S 547' 600 630 650 642 680 673 

Estimated catch.i1t numbers ('000) of N Ortb 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.SeaStock (%) Western Stock (%) 

Quarrer . I 2 3 4 r I 2 3 4 

I 100 100 100 100 I 20 30 30 

2 80 100 100 80 10 10 50 70 

>2 90 100 SO 70 10 + 50 70 

Tabie i2.4 Percentage of each hors~ mackerei stock assumed to be present in the North Sea,'-by qoaIter. iri .'i9'Sl6. 

North Sea Stock (%) Western Stock (%) 

Q\l~r 1 2 3 4 1 2 3, 4 

1-4 10 100 100 SO 0 0 0 0 

S+ 10 100 100 50 1 0 0 10 
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Table U.2 Estimated cateh in numbers ('000) of North Sea mack"rei (Sub-area rv and Division mal by quarter, 1989 -1996. 

1989 ......2'1 92 03 .",0,,4_-;;_ 
Age 5.5% 0.6% 36.4% 57.5% Sum 

I 115 13 746 1,:106 2,080 
2 449 49 2,969 4,689 8,156 
3 445 49 2,947 4,654 8,095 
4 129 14 854 1,149 2,346 
5 73 8 482 '160 1,323 
6 16 I 103 162 282 
7 62 7 411 649 ),129 
8 37 4 245 :~87 673 
9 41 4 270 426 741 
10 2 13 20 35 
11 21 2 142 :123 388 
12 5 I 32 51 89 
13 7 10 18 
14 3 21 36 60 
15 27 3 178 280 488 

1993 -21 02 03 .~0;.4_-;;-_ 
Age 17.6% 0,3% 16,6% 65.5% Sum 

I 331 6 312 1,242 1,891 
2 1,323 23 1,247 4,960 7,553 
3 2,315 40 2,183 S,llSl 13.219 
4 1,693 29 1,596 6,149 9,467 
5 562 10 530 2.W8 3.210 
6 132 2 125 496 755 
7 40 I 37 :149 227 
8 26 0 25 99 150 
9 20 0 19 74 113 
10 0 0 0 0 0 
11 U 0 0 0 0 
12 7 0 6 25 38 
13 25 0 25 99 150 
14 13 0 12 50 75 
15 12,6 2 119 ~171 718 

1290 
Age 

I 
:! 
:J 
4 

" .. 
,; 

" I! 

I' 
10 
11 
12 
13 
14 
15 

!22i 
Ai~e 

I 
" " 
3 
4 
~i 

I; 
7 

" \I 
10 
11 
12 
13 
14 
1.5 

QI o:~ 
13.2% OM~ 

172 :, 
571 26 

2.795 127 
744 34 
216 10 
121 6 
26 I 

105 :5 
60 :1 
70 :1 
2 IJ 

35 :2 
7 IJ 
o IJ 

51 :~ 

01 O:t 
21.2% O.5~~ 

217 j} 

870 2:1 
1,522 39 
1,092 2n 

370 10 
87 :~ 

26 1 
17 () 
13 0 
o 0 
4 0 
9 <> 

22 11 
13 <> 
87 :~ 

,~13 94 . _ 1991 01 
:22.8% 63.4% ,Sum Age-11ll!! 

297 825 1,302 I 153 
986 2,740 4,323 2 3,841 

4,829 13,429 21,180 3 4.112 
1,286 3.576 5,640 4 1,995 

374 1,040 1,640 5 443 
209 581 917 6 172 
~14 123 194 7 394 

l8l 503 794 8 0 
104 291 458 9 148 
12:1 335 52910 172 

4 12 18 11 123 
60 168 265 12 49 
12 34 53 13 49 
o I I 14 25 

,:9 246 388. _ 15 98 

,..Jl'3 04 . _ 1995 01 
26.9% 51.3% Sum Age....Bd! 

276 525 1,024 1 369 
1,103 2,099 4.,095 2 1,475 
1,931 3,674 7.,166 3 2,582 
1,384 2,635 5.,139 4 1,844 

469 892 1.,741 5 627 
110 210 409 6 148 
33 63 123 7 44 
22 42 81 8 30 
17 31 61 9 22 
o 0 0 10 0 
610 2011 7 

II 21 41 12 15 
28 52 103 13 37 
17 31 61 14 22 

110 210 409. 15 148 
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~ 
~~ 

1 
37 
40 
19 
4 
2 
4 
o 
1 
2 
1 
o 
o 
o 
1 

.~. 
~1:!i 

4 
16 
27 
19 
7 
2 
o 
o 
o 
o 
o 
o 
o 
o 
2 

03 04
u 

23.6% 44,4~~· 

114 222 
2,856 5,077 
3,058 5,871 
1,485 2,896 

330 644 
128 250 
293 572 

o 0 
110 215 
128 250 
92 179 
37 72 
37 72 
18 36 
93 143 

03 O~ 
19.7% 47.8l~ 

'226 548 
905 2,191 

1.584 3,83.5 
1.131 2,73'r> 

385 931 
91 219 
27 "M 
18 44 
14 3l 
o 0 
5 11 
9 22 

23 5:5 
14 33 
91 219 

Sum 
490 

11,811 

13.081 
6,:195 
1.421 

!;52 
1.263 

o 
474 
~;52 

:195 
158 
'158 
79 

:135 

Sum 
1,1147 
4,$87 
8,028 
5,733 
1,950 

460 
1137 
92 
69 
o 

23 
46 

115 
69 

460 

~ 
Age 

I 
2 
3 
4 
5' 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

1996 
Age 

1 
2 
3. 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

Total' 

!2L 02 -03 
19.3% 0.4% 18.3% 

747 , 15 608 
3,005 61 3,443 

'2,444 49 1,987 
573 12 480 
359 7 292 
112 2 91 
45 I 37 
22 0 18 
000 
000 

15 0 12 
37 1 30 
15 0 12 
000 

82 2 67, 

!2L. 
26~~ 

650 
760 

1,993 
1,142 
1,234 

III 
239 

24 
24 
24 
57 
o 
o 
6 

02 03 
0.4% 31.4% 

9 769 
ID 900 
27 2,359 
16 1,351 
17 1,460 
2 131 
3 282 
o 28 
o 28 
o 
1 
o 
o 
o 

28 
68 
o 
o 
8 

.i' 

...J.Ij~,-1 _-;:-_ 
~U~~ Sum 

2:,40<1 3,774 
. gl,667 16.176 
1',863 12,343 
1,89(1 2,955 
1,154 1,812 

361 566 
145 228 
n 112 
o 0 
(I 0 

48 75 
12(1 188 
48 75 

(I o 
26~1 415 

...J.Ij"'----,,------;, 
~l.81}{~ Sum %, 
1,02] 2,451 .·]0.2% 
1,19E: 2,869 j2.0% 
3.1391 7,519 31.3% 
1,798 4,307 17.9% 
1,943, 4,655 19.4% 

174 418 1.7% 
376 _ 900 3.8% 

37 89 0.4% 
37 89 0.4% 
37 89 0.4% 
90 216 O.!I% 
(I 

(I 

W 

o 0.<1% 
o 0.0% 

24 0.11% 
l02 121 16C~ .lli.......1!~, 

6,364 88 7.532 10,023 24,006 '100.0%, 



13 : REQUEST FROM THE MACKERELIHORSE MACKEREL EGG SURVEY WORKING 
'GROUP 

13.1 Sampling for Maturity during Egg Surveys in 1998 

The Mackerel/Horse Mackerel Egg Survey Working Group requested information on the distribution of 1, 2 and 
3 year oid mackerel ana horse mackerel to be made available to this Working Group (ICJ:iS 1997/H: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 of uncertainties in the proportion mature of especially the younger age groups (see Section 1.4). 

Based on: 'available Ih.tii on t.l!e distribution of eggs and on-the presented information on-the distribution of 1, 2 
and 3 yeai old fish the following Si:lmpling scheme was accepted_ Half of t1!e tot~l sa.rnples 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 samples should be taken in shallower 
water where relatively more juveniles are present and the sampling was chosen to reflect the distribution of the I, 
2 and 3 year olds. 

For mackerel a minimum of 20 samples of 100 fish eacb should be collected distributed over the western and 
southern area. For horse mackerel 14 samples of 100 fish each should be taken in the western and another 14 in 
the southern area (ICES 19971H: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 HORSE MACKEREL . 

AREA Adult Juvenile AREA Adult Juvenile 
. 

Western 8 7 Western 7 7 
I ~_ ..... ~_ 

~ , I ~_ ..... __ 
~ ~ I ... vuu, .... J.1l ~ J I' ~V_U.L11vlll 
, , 

Figures 13.1 and 13.2 show the charts where the trawl bauls should approximately be taken. 
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14 REQUEST FORNEAFC ADVICE ,,' '.r: -.. , -2 ' 

NEAFChas requested, this Working GrOUp to: 

Indicate the seasonal and area distribution of mackerel in the NEAFC area fOT juvenile as well as 
parental components. 

Seasonal and areal distributions for mackerel has changed overtime. There were little fishery independent data 
available for the Working Group. The fishery for 1996 is described in Sections 25 and 2.6, of this report and 
reflects to some extent the distribution of mackereL Table 2.1.1 gives the catch by stock(1969-1996) and Table 
2.5.1 catches by Divisions a&'1d Sub-a...-eas by qua..-..ers in 1996. Figures 2.5.1a-d give the distributions of 
com..tnercia! catches -by qua..."ters and rectangles in 1996., The mapped distributions are given in a fairly coarse 
class resolution. The·se figures and tables includes all age groups (O~15+) wr..ich aa~ taken in t...lte:fishenes. Since 
the fishery is restricted both by quotas, closed areas etc. the catch distribution are not reflecting the accurate 

. distribution of mackereL There are also mackerel outside the' fished areas, but due to low abundance no fishery 
are carried out in such areas. There are. also some misreporting 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 from bottom trawl 
surveys. These have been assembled in a database under the EU SEFOS programme and are described in Section 
2.4 (Figures 2.4.1 and 2.4.2 for 1996/97 and Figores 2.4.3 and 2.4.4 for the time series). As mentioned above 
each year the Working Group assembles data.on the distribution of commercial catches 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 rec+..a.""lgle a.""ld quarter. 

Several egg surveys have been carried out both in the North Sea and in the western and southern areas. The 
results ,from these· surveys bave been used for estimating the spawning stock biomass. They also give accurate 
information about the spawning areas. The~ last surveys in the western and southern areas were carried out in 
1993 (ICES 1994:H4) andin 1995 (ICES 19961H:2) and in the North Sea in 1990 (Iversen et al. 1991) and 1996 
(ICES 19971H:4). 

Two ICES reports, ICES 19881H:17 and ICES 19901H:5 from an EEC-Norwegian joint scientific group are 
describing stock and catch distribution of mackereL These reports are dealing with data from 1972 to 1988. 

15 

Ell a.~d N cnvay have requested a series of medium-term simulations and long-tenn equilibriuili computatiofis of 
yield and biomass for mackereL Because of the extent of the task, and because the percentiles specified requites 
technical modifications of the stand~d software, the Working Group decided .toJeavethe task to a subgroup, 
which will provide the requested material to ACFM by October 1997. 

16 RECOMMENDATIONS 

16.1 Mackerel 

The Working Group recommends that observers should be placed on board vessels in those areas in which 
discardijlg may be a problem. This obst::rver programme shouid be co~enced as soon as possible. 

The Working Group recommends that the Mackerel weight at age data set collected by Ireland during March and 
April be examined to assess its potential use as a source of stock weight at age values. 

The Working Group reiterates last years recommendation to· investigate the distribution pattern. of overwinlering 
mackerel in the North Sea on VIa (N). 
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The Working Group recommends that the next mackerel egg s\IrVey of the North Sea should be carried "tit in 
1999. This is particularly important in view of the uncertainty about the origin of the exceptionally high numbers 
of1996 year class observed in the North Sea as "0" groups in 1996 and also as 1 year olds early in 1997, 

The Working Group 'recommends further modelling worl< 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 recommends that the surveys be continued. 

16.2,' Horse Mackerel 

The Working. Group strongly recOII' .. mends t.~at an cou..~tries with relatively high--horse Inackerel catches- should 
,·sample-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 bea problem. This observer programme ,should be commenced as soon as possible. 

The Working Group recommends that a horse mackerel, otolith workshop be held in 1998 to improve the quality 
of age readings. 

The, Working Group,recommends that more research be carried out on NorthSea,horse mackereL 

, !TheWorking Group recommends to develop further studies in relation to stock identity problems andlor possible 
rr.tigratiOll' patterns especia11y-fof·the SOUU'le.t-"Tl horse nla~kefel. 

16.3 Sardine 

," The Working 'Group recommends to, continue to carryout joinvacoustic surveys covering the entire distribution 
, area, of the, sardine 'stock each year, during spring (March-April). In order to understand thepopulationdynarnics 

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 VIII and 
IXin,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 of otolith samples for the purpose of checking and improving the precision of all the 
readerS involved iir.sm:dirie age:.derermimition in u,1.6 Ibero·Atlantic 3.L-ea. 

• Monitor annulus deposition patterns along the entire Ibero-Atlanticarea throughout each 'year: 

e Development of a.~ age detennination guide must be developed i.~ order to assist individual readers 
witl]. t.lte correct interpretation of the ring deposition struc!'..!..."'"eS a.T!d to detepnin~ ages pr~cisely. 

• In order to detennine the origin of the different growth patterns of this species in the adjacent areas of 
France and Morocco it is recommended to study samples from these countries. 

• It is slionelv iecommended that the dailv riDe countine techniaue is' emoloved to validate the annuli of 
at least th~ first fev.' age gro~ps. - _. - . • • - . 

16.4 Anchovy 

TheWorking Group recommends to develop further studies in the Gulf ofl;:adiz (Division IXa) for the 
interpretation of the otolith readings and tainvestigate alternative ageing methods. "', 

Tne Working Group recommends to coilect all 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 avaih.ble on physiology of anchovy in relation to its 
post spawning mortality (e.g. fat contents). 

The 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. 

The Worldng- Group support..s the'recom .. T..endation of th.e Egg Su... ..... y"ey \Vorking G-roup t.1..i3.t t.'tey should meet 1..i1 
Ha.mburg 13-19 April 1999~ a.1'!d that dle releva.Tt! assessment biologists should att..end t.lJ.e last two days of t..ltat 
meeting. The. Working Group will calculate theSSB for the ,North'east Atlantic mackerel, Western Horse 
mackerel and Southern Horse mackerel based .on egg production estimates and adult parameters from the 1998 
surveys. The assessment biologist will use those estimates of SSB to retune the VP A estimates of stock size in 
time for the May meeting of ACFM. 

The Working Group recommends and encourages the prosecution environmental studies aimed to understand the 
connections betweenthe.climatic regimes and oceanographic conditions of the waters with the recruitrnents of the 
mediwn- and small size pelagics species assessed by this Working Group. 

16.6 ICES 

~~ll Working Gro;Jp ,members are requested to b~J.Dg catch data to L~e rr..eeting in a standfu-d format (EXCEL 
spreadsheet format) to be prepared by M. Keatinge from Fisheries Research Centre~ Dublin. 

The 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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APPENDIXl 

Implementation of Bayesian VP A and catch forecasting using Markov Chain Monte Carlo. 

Conventionai Bay~sian analysis, relies on an evaluation of the posterior probability P(QiX) of a certain set of 
assumptions Q, gi"en prior belief P(Q) about those asswnptions, a set of new information X, and a . likelihood 
function allowing the evaluation ofP(XIQ). The conditional probability can be expressed as 

P(0IX) 
P(XI El) P(El) 

J P(XIEl) P(El) dEl 

Conventionally the e are usually a vector of input parameters to a model M, which is assumed to· be correct, and 
upon which the likelihood function is predicated. 

Most Bayesian stock assessments in the published literature have relied either on direct·mapping approaches (e.g. 
Hilbom and Waiters,. 1992) or sampling/importance resampling (ecg. McAllister and Pikitch, 1997). The former 
approach becomes extremely difficult to implement· for computatioual reasons if there are more· than a few 
pa..-a...ueters, and the latter me1:t.1.w requires the specification of an importance function which. for efficiency, should 
apylo:V';~l1ate reasonably closely to. the posterior distribution. Choice of such·an m-!pO:i"Liiiice -function is not -triviai: 
Mc.A11ister a.11d !a.llelli (1997) describe eight sepa..rate steps L'1 t.'le development of an 'L.~or .... ance f..mctiou, each of 
which requires considerable expertise. 

A simpler approach is the Markov Chain Monte Carlo method to generating samples from posterior probability 
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 posterior 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, element i of Q is replaced with a new value drawn from the distribution ofP(Q;,k I Q1i<>i. ,.,). The distribution 
to be sampled has p.d.f.: L(DataIQ) Pr(Q), Le. the product of the likelihood function and the prior. The form of this 
conditional likelihood is generally not known analytically and itis computationaIly expensive to evaluate. However, 
samples can be taken from it by constructing upper and lower envelope functions (constructed on simple geometric 
rules) from which it is eBSy to sample. The form of adaptive rejection sampling procedure used here can be 
Su...T.dT'..a..~Sed as: 

1) Take a sample from the upper envelope function (X) 
2) Evaluate the likelihood L(X) at the sampled point 
3) Test whether to accept the sampled value: 

if accepted, proceed to next Markov cbain iteration otherwise update the envelope function with the new 
information X, L(X) Iterate 

In the present case, the upper envelope function used is a simple series of rectangular approximations between 
evaluated points and estimate of the maximum of the curve (Appendix Figure 1), which is a modification of that 
proposed by Gilks (1996). Although computationally less efficient, this algorithm was robust to structural bound
corJStra1nts (such as a restriction of a tnaximum iOO% maturity) which this assessment modei shouid iogically 
contain. A ~,,1etropo1is step v¥"aS added to ensure robustneSS of the method to fion-log--concave conditional probability 
distributions (Le. cases where the conditional probability may emerge above the upper envelope function). 

Clearly the adjacent values of Q. in the Markov Chain will be very strongly correlated, and this correlation will 
decrease the ftnther apart in the chain that pairs of values are drawn. For most purposes it is required to draw 
virtually uncorrelated samples from the chain; a method proposed by Raftery and Lewis (see Gilks et aI., 1996) 
allows calculation of the appropriate intervals from which to take to take samples from the chain so that they have 
less than a specified correlation. This process is sometimes known 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 'burn-in' period. 

For a considerably more complex VP A-based assessment model with more parameters and strong parameter 
correiations used for Norwegian Spring-Spawning hening the Raftery and Lewis method suggested a 'burn-in' length 
of 600 iterations and 'thinning' the chain by taking one sample each 76 iterations (PattersoD,··1997), for5%accuracy 
in the' posrerioLdistributions. For Western Horse Mackerel such values were not fomlallyestimated but a bum-in 
period of 1000 iterations was· used 'and the chain was thinJled by takingonesarnple each 100 iterations. A visual 
check of the parameters in the chain suggested independence of starting parameters appeared to have been achieved 
.. A ........ f'""u, hn ... r1 .... ,,1 ;t ........ +1,·., ...... 'T'h ........ l."'; ... n",,<' '1"1"'\ of ........ "''''''' .. AfV"IIV'\(\ :t-.o"P ... ..: ......... '" ..... A A{V\(\ .......... _1 .......... 1 ..... _ + .... _~_ .. _._ .. .. L_ 
............... "''''U U1 .• U ...... ....- u ... .L ........ ..,~ ..... ...... "'" ................ """" ..... u .LV.l ............ ""TV..,..,V.., ."".I. ... I..lVU;;:l "U"'" "TVVV .:3«L1JPJ~.!Io LCU\JoO<U ~v .... VU;,UU\JL UJC;; 

posterior distributions for th.e assess!nent. 

Values of Q' were saved from the single rim of the chain"inorder to re-evaluate the outcome of various future catch 
scenarios without incurring the computational burden of re-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 fishing/natural mortality ratio, and spawning biomass. 
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Appendix Figure 1. Construction of upper envelope function for adaptive 
I rejectio:, sa.mpiing. Bold line,conditionai 'prob~biiiiy dis~ib~lio~ .?f unknown 
IfOim. Fin~ lin~s, constructed up~~r en~e~o~~ TU,n.c~lo.~. ~asn~a n~e, . 
constiuction lines. Arrows show me POlflIS at wnlcn Ine ,unction nas oeen 
evaluated. New points are added and the envelope readjusted until a 
sample has been taken from the conditional distribution, which typically 
takes 5 to 8 function evaluations. 
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