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8 SARDINE

8.1 Otolith exchange

In 1995 the Working Group recommended that a sardine otolith exchange programme should be performed for this
year in order to improve otolith readings among the differents readers ofboth countries, Portugal and Spain.

Prior to this exchange a workshop was held in June 1994 in Lisbon. The main results of this worshop have been
reported in a WD at the 1994 WGt..tHSA and in an lEG internaI document. From these documents the main
conc1usions were a) the good agreement reached among the experienced readers in relation to the poor level reached
among the less experienced ones, and b) the problems of interpreting the structure and therefore of ageing those
otoliths of sardines greater than 22 cm in length from the Cantabrian sea, the younger sardines caught at the end of
the year and the sardines caught in the middle ofthe year (Le. end .June-to begining of July).

Due to the problems listed above, the exchange was finally organized to cover the whoIe area of the stock
distributionwith sampIes collected throughout the whole year.

A total of 892 pairs of otolith were examined and aged. Details are shown in Table 8.1. At least three sampIes by
each ICES Sub-division (VIlIc East, VIlIc West, IXa North, IXa Central North, IXa Central South and lXa South)
caught at the begining of the year (January-March), in June and at the end of the year (November-December),
covering the whole length distribution, were analysed. In addition sampling from VIlIb Division has been also
inc1uded whereas only two sampIes from Divison IXa South were analysed.

Three Spainsh readers have read separately and individuallyevery sampie whereas the Portuguese team gave only
one reading obtained by "consensus". Moreover, two ofthe Spanish readers are beginners.

For these preliminary results a full descriptive analysis has not been done and only a statistical analysis was
performed for each sampie. A non parametric Wilcoxon Matched-Pair Signed-Rank test over each two paired
readers was used to test the degree ofagreement between their readings. -

Results ofthe Wilcoxon test are shown in Table 8.2. The agreement is in generallow for the inexperiencedreaders
and the same problems found during the last worshop arose in this exchange: there are still problems for ageing
sardines over 22 cm in length, sardines caught in the middle ofthe year and younger sardines caught at the end of
the year. Nevertheless a reasonable agreement is reached between the Portuguese reading and the Spanish
experienced reader.

Taking into account these results, a workshop should be held in order to c1arify and to understand the otolith
structure and ageing ofthose sardines over 22 cm and, especially, younger sardines caught at the end ofthe year and
c1arify the ageing criteria for those sardines caught in the middle ofthe year.

8.2 The fishery in 1995

From Sub-Areas IV, VII, VIII, and IX landings were reported by Denmark, UK (England and Wales), Spain and
Portugal (Table 8.3). There are no data available from France. During 1995, 16,846 tonnes were also reported in
Sub-Area VII. Since 1992 there is an important increase in catches from Sub-Area VII (about 60% from 1991 to
1995).

Table 8.4 shows the annuallandings ofsardine by Sub-area (IV-IX) and Division in 1981-1995. There was a
decreasing trend from 1981 to 1991. In 1994 the landings increased to about 163 thousand tonnes and by 1995
they reached the same level as in 1991 (around 138 thausand tannes).

In Sub-Area VII the sardine catches increased from 1,100 tonnes in 1990 to about 23 thousand tonnes and 17
thausand tannes respectively in 1994 and 1995. In Sub-Area VIII, the catches have decreased since 1988 from
49 thousand tonnes to about 20 thousand tonnes in 1995. Concerning Sub-Area IX, where sardine catches have
reached the highest levels in this century, it is noticed that during the 1984-1994 period, they have oscillated
between 179 thousand tonnes in 1984 and 102 thousand tonnes in 1995.

E \ACF~r,WGMllSA97\REPORT97 ooc 18/09/% 199



Table 8.5 gives the catch by country for the period 1976 to 1995 from the unit stock area (Divisions VIIIc and
IXa). Since 1984 the Spanish landings show a sharp decrease from about 108 thousand tonnes to 34 thousand
tonnes in 1995. The Portuguese landings have oscillated between 112 thousand tonnes in 1985 and 88 thousand
tonnes in 1995. Total landings for 1995 (121,384 tonnes) were lower than in 1994 (132,800 tonnes), both
Portugal and Spain have decreased their catches in 1995 in relation to 1994. The Portuguese catch decreased by
around 6,700 t and the Spanish by 2,200 t, mainly in Division IXa. As in previous years, about the 98% of the
total catch in the stock in 1995 was taken by the purse seine fleets from Spain and Portugal (Table 8.6). About
70% ofthe total catch ofthe stock in 1995 comes from catches made by the Portuguese purse seine fleet offthe
West toast of Portugal within the area between Matosinhos :ind Sines.

All the available catch data from 1940-1995 for these Divisions are shown in Figure 8.1. After aperiod ofnear­
stable catches ofaround 200,000 t during the period 1980-1985, the total catch began to decrease from 1986.
The highest landings occurred in 1961 (250,000 t) and the lowest in 1949 (67,000 t), which caused a severe
crisis in both the Portuguese purse-seine fishery and Portuguese fishing industry generally. Catches split by
country in Divisions VlIIc and IXa are shown in Figure 8.2. The trend in the catches ofboth Portugal and Spain
are quite similar. Nevertheless, after aperiod of high catches from 1980 to 1985, the Spanish catches show a
decreasing trend since 1987, whereas the Portuguese catches have remained quite stable at around 100,000 t per
year.

Figure 8.3 shows the Spanish sardine landings by Division (VIIIc and IXa) in 1960-1995. From this figure it can
be concluded that the above mentioned decreasing trend in the Spanish landings are due to a decrease in
landings in Division IXa, as in Division VIIIc they were quite stable in that period. •

During 1995 the seasonal pattern of landings by the two countries was the same as reported in previous years
with about 61.5% ofthe annual catches being landed in the second half ofthe year (Table 8.6).

8.3 'Distribution of the Sardine Fishery,

Table 8.7 shows total nominal catches of sardine by quarters and areas in Divisions VIIIc and IXa in 1995. The
distribution of catches in 1995 by quarter and area in Divisions VIIIc and IXa was similar to that in recent years,
with about 57% ofthe total catches from Sub-Division IXa Central North and Central South (Table 8.7). As in
previous years, the catches in Division VlIIc East were the lowest. .

It was presented to this Working Group the sdrdine c~tches from 1978 to 1995 (Porteiro ci al., 1996) from the
Gulf of Cadiz (Division IXa, South of Spain). The highest catches occurred in 1987 (8,870 t) and the lowest in
1981 (2,384 t). Since 1990 the catches decreased, with a slight increase in the last two years.

8.4 ,Effort and Catch per Unit Effort

Table 8.8 gives the effort in fishing days and the catch per unit effort (tonnes/fishing day) for four different
purse seine fleets, from Spain and Portugal.

"The CPVE trends for the fleets of Portugal (Division IXa Central+South) and Santonia (VIIIc East) indicate a
decrease from 1987 to 1991, with an increase since 1993. In 1995 the CPVE for the Santonia fleet remained at
the same level of 1994 (4.08). The CPVE of th'e fleet of Vigo-Riveira (IXa North) remained at the same level in
1995 as in 1994. In 1995 the Sada fleet (VIIIc West) CPVE remained at the same level of 1994.

In general the fishing effort in all fleets shows a decreasing trend, mainly since 1992.

The effort (or the fleets in Division VIIIc in 1995, reached only 50% ofthe 1987 levellike in the year before.

8.5 Fishery-Independent Information

Sardine acoustic surveys have been carried out by Portugal and Spain since 1982 in Divisions VIIIc and IXa.
Both countries began to undertake acoustic surveys in the area on a systematic basis since 1984. Portugal
perforrned several surveys per year since 1984, in Spring (March-April), in Summer (August) and in Winter
(November-December). Since 1987 Spanish surveys were undertaken in Spring (March-April).

•
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During 1996 three acoustic survey have been carried out, two undertaken by IPIMAR off the Portug~ese coast
and the Gulf of Cadiz (Spain) in February-March and in June-July and the other by IEO along the Atlantic and
Cantabrian Spanish waters in March. These cruises followed the survey strategy, methods and subsequent
calculations adopted by the Planning Group for the Acoustic Surveys in ICES Sub-areas VIII and IX (Anon.
1986) and the surveyed area was limited by the 20 m and 200 m isobaths. '.

February-March Portllgllese acollstic sllrvey

The survey was carried out on board RW "Noruega" from 16th February to 15th March. The total biomass for
the whole area was estimated to be 405.3 thousand tonnes, corresponding to 9,426 million fish. In Sub-Divisions
IXa Central North, Central South and South (Portuguese coast) a biomass of 251.1 thousand tonnes (5,903
million fish), which was one of the lowest assessed since 1984. This low abundance was mainly due to a
remarkable decrease in abundance in Sub-Division IXa Central North in relation to previous years. A Biomass
of 154.2 thousand tonnes corresponding to 352.3 million fish was estimated for the area of Gulf of Cadiz.

Table 8.9 and Figure 8.9 shows the number of fish, biomass (tonnes), mean length, mean weight and percentage
in number and in weight by age group and area. The highest concentrations of sardine were found in Sub­
Divisions IXa Central South and South (Algarve and Cadiz). Young fish (age I) were mainly distributed in IXa
Central North (56% offish abundance) and, at a lower level, Central South (24% oftotal fish abundance).

Younger fish were mainly distributed in IXa Central North Sub-division comprising 96% of the abundance in
number and 93% of the biomass estimated for this area. Age 4 was the most abundant, in Portugalcompared
with age 3 in IXa Spain.

Conceming the Portuguese coast, the total estimated biomass of251 thousand tonnes is significantly lower than
the abundance levels of the 1984-1988 period. As it was observed in May 1995, this abundance decrease is due
to a remarkable decrease in IXa Central North Sub-division.

The remaining areas off the Portuguese coast do not show any significant change in relation to the previous
abundance levels (1984-1988). The same happens to the area of Gulf of Cadiz in relation to the survey
undertaken in November 1992 and May 1995.

Sardines were found distributed in shallow waters, with an important decrease in the Northem part of the area
(Figure 8.5).

March Spanish acollstic survey

The survey was carried out on board RN "Comide de Saavedra" from 11 to 26 March. The survey track
consisted of parallel transects perpendicular to the coast line with 12 nautical miles as a mean distance. In
addition, extra transects, with a distance of6 nautical miles apart, were allocated in specific areas.

The total biomass for the Spanish area was estimated to be 53 thousand tonnes, corresponding to 745 million
fish. Table 8.10 shows the number of fish , biomass and their %, mean length and its standard deviation and
mean weight by age group and ICES Subdivisions. The total assessment of sardines is shown in Table 8.11.

Age groups 4 and 5 were the most abundant comprising 80% ofthe total abundance and biomass estimated. This
is consistent to that found in the last year, when age groups 3 and 4 were also dominant (up to 90% in number in
VIIIc West Sub-division, Figure 8.6). The low levels of age groups 1 and 2 (1 % and 7% respectively) are also
noticeable.

The lack of older ages in Division VIIIc East was attributed to the lack of positive fishing stations in this area
and the high abundance of4 and 5 year olds found in the sampIes taken in North Galicia, which was the dosest
one to this area.

As in 1995, the distribution area of the stock was too smalI, with sardine concentrated in isolated but dense
patches along the coast in shallower waters (Figure 8.7). The same distribution was found in the Portuguese
waters during the Portuguese acoustic survey. From all the available distribution areas of sardine on the different
acoustic surveys carried out by both countries (Anon, 1993, Porteiro er al. 1993, Dias er al, WD 1993 and
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Marques er al., WO 1995), it seems that the area of distribution of the sardine stock along the coast is shrinking.
During the first surveys, sardine show a continous distribution along the Atlantic waters ofthe Iberian Peninsula
and were either concentrated dose to shallow waters or spread out to the 200 m isobath (Anon. 1993b). Since
1993, large areas, especially in Divisions IXa North and VIlIc, appear to be without sardine or with sardine
distributed only in small patches.

June-July Portuguese acoustic survey

The survey was carried out on board RW "Capricomio" from 15 June to 16 July. The total estimated biomass
for the whoIe surveyed area was 509.6 thousand tonnes corresponding to 10,678 million fish. A biomass of
427.2 thousand tonnes was estimated for the Portuguese coast corresponding to 8,005 million fish. For the Gulf
of Cadiz it a biomass of 82.4 thousand tonnes was estimated whieh corresponds to 2,673 million fish. Table 8.12
shows the number of fish (millions), biomass (tonnes), mean length, mean weight and percentage in number and
in weight by age group and area.

The total estimated biomass (509.6 thousand tonnes) is about 26% higher than that previously estimated in
February-March. This increase is due to a considerable biomass increase of five times more than that obtained in
February-March in the Sub-division IXa Central North. This was partially compensated by a remarkable
biomass decrease in the Gulf ofCadiz, 46% less in June-July.

The recruitment (age I in July, 2,7 million fish) seems to remain significantly lower than the mean historieal
level (1976-1995). This age group is mainly distributed in the IXa Central-North Sub-division and in the Gulf of •
Cadiz (Figure 8.8).

Ages 3 and 4 are the most important, and as in the other surveys, the low number of age land 2, by
comparaison, are notieeable.

The 0 age group fish (1996 recruitment) were mainly located in the Gulf of Cadiz and in IXa Central North Sub­
division.

Sardine distribution is shown in Figure 8.9. Compared with the previous survey, the recovering ofthe abundance
level in Sub-division IXa Central North is remarkable.

8.6 : Length Compositions by Fleet and by Country

In 1995 the quarterly and annual catch length compositions by fleet were provided by Portugal and Spain in
Divisions VIlIc and IXa (Table 8.13) and were provided by U.K (England and Wales) in Division VIIe (Table
8.14) for the 1st quarter.

As in previous years, the largest fish were caught in Divisions VIllc and VIIe.

8.7 Catch in Number at Age

Based on data submitted by Working Group members, the 1995 catch in number at age data were compiled by
quarter and sub-divisions ofDivisions VIllc and IXa (Table 8.15).

The Portuguese data (catch in number, length composition, age length/key) were collected on a quaterly basis by
sub-division. The Spanish data were collected on a quaterly basis, using the length composition by quarter and
the two halfyear age/length keys.

The 1995 catches of 0 age group fish were notably lower than those in 1994, decreasing from 120.8 million to
30.5 million fish (75% less). The oldest ages (above age group 6) mainly occurred in the catches of Division
VIIIc, especially in the Eastem part (Table 8.15).

The annua1 catch in number at age for the period 1976 to 1995 is presented in Table 8.16 and Figure 8.10 shows
the annual catch in number at age from 1981 to 1995.

•
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The catches in number at age for the Gulf of Cadiz (Division IXa South) are available from 1982 to 1995. From
the analysis of the acoustic surveys data the distribution of sardine has a continuity between Algarve and the
Gulf of Cadiz (Soares, WD 1996, Marques el al., WD 1996). So having neither distribution nor otoliths of the
Spanish catch from this area, it seems suitable to use the age-Iength key from Algarve. From 1982 to 1989 this
key was used by halfthe year, and from 1990 by quarters.

8.8 Mean Length at Age and Mean Weight at Age

The 1995 mean lengths 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) (Table 8.17).

The mean weights at age in the catch in 1995 were based on Spanish and Portuguese biological sampling. Table
8.18 shows the mean weight at age by sub-division and quarter. The 1995 mean weights at age in the catch are
slighty higher than in 1994 and the weights of ages 1 and 2 are higher than those in 1994 (Tablc 8.19).

Table 8.20 shows the mean weights at age in the stock for the period 1976-1995. Thc mean weights at age in the
stock have been calculated from commercial sampling during thc period December 1994-January 1995.

8.9 Maturity at Age

The maturity ogive for 1995 is usually estimated using thc first quarter data from Portuguese and Spanish
biological sampling (Table 8.21). Of a total of2,304 individuals examined 2,204 were mature. The percentage
ofmature at age 1 in 1995 (73%) is higher than for the same age in 1993 (47%), but similar to that of 1992
(79%). For ages older than 1 the percentage ofmature is similar to that in recent years.

8.10 Stock Assessment

The available data for tuning the current VPA are given in Table 8.22. As in previous years a valuc of M=0.33
was used for all ages and all the years and the proportion ofM and F beforc spawning was taken to be 0.25.

This year four sets of fishery independent data are available, Spanish Spring surveys (1988-1996), Portuguesc
Winter acoustic surveys (1984-1992), Portugucse Summer acoustic surveys (1985-1996) and Portuguese Spring
acoustic surveys (1986-1996) (Table 8.23). Only the Portuguese Winter acoustic surveys have no information
since 1992. To test whether those indices are consistent, a preliminary assessment was performed using each
data set separately.

The model, which was already uscd and explained in the last assessmcnt Anon. (1 996/Assess:7), was
constructed using the usual separable model assumptions, but in addition:

Populationswere fitted from ages 0 to 11, with the assumptionofnegligiblecatches betweenagcs 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 change in the age-reading criteria applied.
Catch at age observations at other loci in the matrix were replaced with arbitrary low values and assigned a very
small weight in the analysis.
Acoustic SUrveys were assumed to provide a proportionate index ofstock abundance.

This model assurnes the differential age pattern structure whieh was already described in Anon. (1996/Assess:7)
and provides for the known emigration of fish from the main catching area.

Relative weights Lambda at age werc set to 0.5 for age 0 and 1 for age 1 to all real catch-at-age observations.
For ages older than the last real age observed in the catch, an arbitrary catch value of 1 million fish was used but
was down-weighted by assigning corrcsponding lambda values to 0.01.

Fbar(2-S) 1995 estimates for each ron and their confidence intervals were ploted for each survey and are shown in
Figure 8.11. From this, both Spanish and Portuguese Spring acoustic surveys give consistent results. Besides,
these cruises cover thc whole area ofthe stock distribution simultaneously and therefore, they have been chosen
as fishery independent data for tuning the current VPA.
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Parameter estimates and fitted populations are given in Table 8.24 and are iIIustrated in Figures 8.12a), b) and
cl. Age residuals are low except for age 7 whereas year residuals appear to be higher with positive residuals over
the last five years. These residuals may generate uncertainties about the estimations which are reflected in the
confidence intervals for both fishing mortality and exploitation pattern. Nevertheless, results obtained last year
are compared with those estimated by this assessment and are shown in Figure 8.13. Trends in the overall
population are similar and estimates ofrecruitment area almost the same. Fishing mortality appears to be higher
than those estimated the last year; trends for Fbar are rather similar untill 1993, but in 1994 there is an increase
whereas in the last assessment there was a slight decrease.

As in the last year, the fitted Q(Spanish) and Q(Portuguese) parameters for the two surveys agree weIl with
current perceptions ofmigrations in the stock (Figure 8.14). Nevertheless, there was a change in the exploitation
pattern shown in the catchability for the Portuguese surveys, becoming more important for age groups 3, 4 and 5
than for age group 2 as in the previous year. The catchability ofthe Spanish surveys remains very similar.

8.11 Rccruitment

The recruitment index is shown in Figure 8.12. The estimated recruitments at age 0 show a decreasing trend
since 1983 and the low recruitment of 1994 seems to be confirmed, as the lowest recruitment in the time series.
In addition, the last three recruitments estimated by the model fit were the lowest in the time series.

8.12 Catch Predictions •Although there are several potential sources of variability in recruitment, especiaIly in pelagic species of short­
medium life cycle, such as migration patterns, oceanographie and c1imatie conditions, an important amount of
the variability on recruitment levels appears to be explained by the variability found in the stock size (Figure
8.15). In addition, this relationship would give a more realistic scenario than the assumption of fixed geometrie
mean recruitment or a fixed low value.

The input data for the deterministie catch forecast are given in Table 8.25, assuming a Beverton and Holt Stock
Recruitment Relationship. Besides, the F values were calculated using the mean F for the last three years
rescaled to the level of the last year data. A terminal population obtained from the assessment was used as
starting population on Ist January 1996. Mean catch weights, stock weights and maturity at age over the period
1992-1994 were used.

Table 8.26 summarises the predicitons carried out for the period 1996-1998. For de Fbar the catch predicted will
be about 68,000 t in 1996 and 57,000 in 1997. The spawning stock biomass will decrease from 105,000 t in
1996 to 97,000 t in 1997.

8.13 Short-Term and Medium-Term Risk Analysis

Short-term and medium-term stock projecton with variance estimates were eomputed using lePROJ version 2.0
and VPRO (Patterson, WD 1995). The analysis was based on the results of the assessment described in Section
8.10. AII input data at age were disaggregated up to II years old. Forthcomming recruitments were estimated by
fitting'a Beverton & Holt stock-recruitment relationship with autoeorrelated errors:

R = a*SSB

(1 + S~B)

where a is 0.9737 and Cis 3.3685

The projections were performed over ten years under different scenarios of fishing mortality, for 0.00 I of the
Fbar and for increasing exploitation level from 0.1, 0.2 and I. Pereentiles of 5, 25, 75 and 95 of total landings,
fishing mortality, recruitment and stock size for each exploitation level are shown in Figure 8.16. All these
scenarios gave a low probability of recovery of the stock. Also trends in landings are similar, with an expected
decrease in landings for almost all the values of the exploitation pattern. Betweeen the stock sizes predicted for
F=O.I xFbar and F=0.2xFbar there seems to be a transition stage in which the stock size appears to deerease.
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The Oeverton & Holt stoek-reeruitment funetion relates the reeruitment to the declining spawning stock
biomass. This is more pessimistic but probably more realistic than assuming eonstant reeruitment whieh y.ould
give a different trend in both stock size and fishing mortality.

8.14 Long-Tcrm Yicld

The long-term trends in yield per recruit and spawning stock biomass against the average fishing mortality (ages
2-5) are given in Table 8.27 and Figure 8.17. Oecause recruitment is likely to be dependant on stock size,
manangement considerations should not be dependant on yield per recruit calculation.

8.15 Comments on the Assessment

The principal cause for concern in the assessment ofthis stock is the declinig ofthe stock size and the shrinking
of the distribution area as it was pointed out in section 8.5. In addition this year there is a change in the
exploitation pattern in both Portuguese and Spanish fisheries. Historicaly, Portuguese fishery was supported
mainly by young fish (age groups 0, 1 and 2) whereas the Spanish fishery was supported by older fish (Porteiro
cf al., 1986, Anon. 1989, Porteiro Cf al, 1993, Dias cf al., WO 1996). Nevertheless in 1995 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 carried out in spring. This phenomenon could be the result of aseries of low
recruitments in recent years whereas the lack of older sardines could be also related to a change in the
distribution area.

This last theory arises from the presence of sardine in the northern areas, whieh was reported in different
research vessel surveys. Nevertheless no information about sardine distribution in French waters is available nor
length distribution or age structure by quarter is known. Information about sardine in French waters should be
requested to demostrate any fish movements from the distribution area into more northerly waters.

Recruitment predictions made using the fitted Oeverton & Holt relationship are considered the most appropriate
ones for management purposes at present. Although long-term environmental changes may alter perceptions of
the dependance of recruitment on the stock size. As is pointed out in section 8.13, this model assurnes a further
decline in the recruitment due to the declining spawning stock biomass, giving a low probability ofrecovery. On
the other hand, catches of this stock have been fluctuating along the last fifty years, with the lowest reported
Ianding level in 1949 (60,000 t) and the highest in the sixties (Figure 8.\). Considering that this fluetuation is a
result of changes in the stock size, it is expected that the Oeverton & Holt model, whieh was only fitted for the
last twenty years with a decreasing trend in both stock size and recruitment, would be different ifthe time series
included a complete fluctuating cycle.

8.16 Hcfcrcnce Points for Managemcnt Purpose

8.16.1 l\1ßAL

The MOAL of 220,000 tonnes of SSO that was used by last year's Working Group represented the estimated
SSO for 1995, which was the lowest on record. Thus, the risk of bringing the SSO below MOAL in the
predietion would be equivalent to further reducing the stock. With another weak year class coming in, the stock
is now weil below this level, whieh renders this value just an arbitrary low SSO-leveI.

According to the SSO - recruitment plot (Figure 8.15), a SSO of 450,000-500,000 tonnes seems to represent a
level separating mainly high recruitments from mainly low recruitments. There is considerable uncertainties to
this level, however. The catches ofsardine appear to have lang term fluctuations, with a possible period ofabout
20 years (See Figure 8.\). In addition, the area distribution may change over time (Pastor ef al., 1985, 1986,
Soares, 1995, Dias ef al., WO 1996). Ifthe stock has cyclic variations any target or limit for the SSO will only
apply to certain periods. The time span covered by the assessment apparently starts at the peak of aperiod with
high catches. The recruitment dynamics in this period may not be representative ofthe present situation.

A more appropriate MOAL in the present situation may be the SSO that produced the most reeent good year
class (1991), which is 230 000 tonnes. It should be kept in mind, however, that this needs to be reviewed
regularly.
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8.16.2 Target fishing mortalities

Given the steady decline in both SSB and recruitment in the last 20 years, an Fmed taken from the stock­
recruitment plot is not relevant. A possible measure would be the fishing mortality that would sustain an SSB at
MBAL with an average recruitment for the recent years. In spite ofthe Beverton & Holt relationship is the most
appropriate for management purposes, the geometrie mean of the recruitments since 1988, which is the period
with relatively low SSB's gives 3233 millions and an equilibrium fishing mortality of 0.22. This is an
appropriate target fishing mortality value once the stock has reached MBAL. This value agrees weil with the
theoretical one estimated by the relation of 2/3 of natural mortality (M), calculated for pelagie fish species
(Patterson, 1992). For this stock M is 0.33 and the expected F value would be 0.22.

In the present situation, where the stock is weil below MBAL due to a suecession of poor year classes, the stock
will remain below MBAL until a beUer year class appears. In addition to keeping the fishing mortality at the
lowest possible level, special care should be taken to protect juveniles in order to take full advantage of a beUer
year class, once it appears.

8.17 Management Considerations

Both the assessment, the fishery independent information and the predictions indicate that this stock is now in a
very poor condition. As noted previously, there appear to be eyclie variations in this stock, and over many years
the downwards trend in recruitment has been compensated by an increasing fishing mortality. The fishing
mortality in recent years has reached a level where even fairly good year classes (e.g. the 1991 year class) only •
give a minor improvement in the SSB. The decline in SSB over many years and the very poor recruitment the
last 3 years all suggest that the stock could be about to collapse.

The recruitment at this low level of SSB is highly uncertain. If the Beverton & Holt recruitment relation is
assumed, a further reduction in the recruitment is predicted, due to the decline in the SSB. Even with the far
more optimistie assumption of a constant recruitment at the geometrie mean over the last 8 years, the fishing
mortality will have to be reduced to 0.22 to sustain the stock at the present low MBAL.

Possible actions that can be taken include:

I. Reduce the fishing mortality to the lowest possible level.

2. Consider special measures to maximize the benefical effect on the SSB once a beUer year class appears. In
addition to a general reduction in fishing mortality, this eould include special measures to protectjuveniles.

3. Although the general picture ofa stock in a poor state is weil substantiated by the present assessment and the
data included in the assessment, better information both on the area distribution of the stock and a beUer
monitoring of the stock through more extensive acoustie surveys would clearly improve the background for
proper management ofthe stock. •
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Table 8.1 Number of pairs ofotoliths and sampies by area.

AREA No ofPair No ofsamples
VIIIb 40 I
VIIIc East 116 3
VIIIc West 102 3
IXa North 137 3
IXa Central North 236 7
IXa Central South 238 7
IXa South 62 2
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Table 8.2 ResuIts ofthe Wilcoxon Matched-Pair Singed-Rank Test.

" .',
V1l1c East
19-1-96

AREA:
DATE: .

,. SPA1 SPA2 SPA3 POR
SPA1 0.1088 D.öö32
SPA2 .0.0064-
SPA3
POR

,.,......•.". () .".::.....:... () ,.,.:. :•., ,:j)

01655
00833 08084

SPA2 SPA3 POR

Vlllc East
13-XII-95 '

SPA1

SPA3

SPA1
SPA2

POR

AREA:
DATE:

SPA1 SPA2 SPA3 POR
SPA1 02873 03978 0.0481
SPA2 07815 0.0003
SPA3 0.0011
POR

Ip<0.05 Ip<O.01 I
AREA: V1l1b
DATE' 25-111-96

0.0231 ·.,.,.,,"',0

SPA2 SPA3 POR •
09412 .:,:,.':,:"".::..<).

SPA2 SPA3 POR

:..:..:..':'..'. ()

SPA2 SPA3 POR

IX~ Cantral North
14.XII-95·

IXa North
14-V1-95 '.'

V1l1cWast
19-XII-95

AREA:
DATE: .'-

SPA1
SPA1
SPA2
SPA3
POR

AREA:
DATE:

SPA1
SPA1
SPA2
SPA3
POR

AREA:
DATE: .. .",' '.'

SPA1 SPA2 . SPA3 POR
SPA1 O.~7 0.0113 0.0212
SPA2 06374 03649
SPA3 05724
POR

IXa Central North
9 VI-95

IXa North
1811I-96

VlllcWest
19-111-96

AREA:
DATE

AREA:
DATE

AREA:
DATE'

: . ..
SPA1 SPA2 SPA3 POR

SPA1 0.COt3 0.0035 1
SPA2 02568 0.0026
SPA3 0.0094
POR

: -
SPA1 SPA2 SPA3 POR

SPA1 0.0398 1 05637
SPA2 0.036 0.0249
SPA3 08028
POR

SPA1 SPA2 SPA3 POR
SPA1 06287 09706 01927
SPA2 0593 02482
SPA3 01655
POR

o

o

0.0014

.... ,., ()

"".::''','0

·· ..."··..·0

06354
0.0001 ·0

""""",0 ,..,·...,.,.:•.0
0.0024

SPA2 SPA3 POR

SPA2 • SPA3 POR

IXa North
21.XI-95

VlllcWest
23-VI-95

Vlllc East
23.VI-95

AREA:
DATE:

SPA1
SPA1
SPA2
SPA3
POR

AREA:
DATE:

SPA1
SPA1
SPA2
SPA3
POR

AREA:
DATE:

SPA1
SPA1
SPA2
SPA3
POR

IXa Central North
23-1-96

AREA:
DATE:

SPA1 SPA2 SPA3 POR
SPA1 0851 0.0014 09854
SPA2 .0.OO2f· 06292
SPA3 0.1201
POR

IXa Central North
21 XI-95

AREA:
DATE: .

SPA1 SPA2 SPA3 POR
SPA1 0.öOO3 0.()()()1 ··;.•:.,.:,0
SPA2 0285 01176
SPA3 03343
POR

IXa Central North
20 XII-95

AREA:
DATE: .

SPA1 SPA2 SPA3 POR
SPA1 0.C013 .,.:,.", 0 0.0004
SPA2 0.021 03073
SPA3 03555
POR

SPA2 SPA3 POR
0.029 0 6532D.0()()(

IXa Cantral SOuth
6-V1-95 ,.'

SPA1

SPA2
SPA1

SPA3
POR

AREA:
DATE:

0.0014 07763 .Ö.0()()5
SPA2 SPA3 POR

,
IXa Central North
26·VI-95

POR

SPA1
SPA2

SPA1

AREA:
DATE:

SPA3

IXa Central North
26-111-96

AREA:
DATE: ...

SPA1 SPA2 SPA3 POR
SPA1 O.OOOt 0.0016 03196
SPA2 0.0059 0.0066
SPA3 01079
POR

SPA1 SPA2 SPA3 POR
SPA1 01655 06171 06844
SPA2 04054 01083
SPA3 03711
POR •

IXa Central South
18-1-96

AREA:
DATE: .

SPA1 SPA2 SPA3 POR
SPA1 Ö.()()45 0.029 1
SPA2 04795 0.0116
SPA3 0.029
POR

IXa Central South
1411I-96

AREA:
DATE: -

SPA1 SPA2 SPA3 POR·
SPA1 0.0389 01967 0.0455
SPA2 01573 08185
SPA3 04054
POR

IXa Central South
12-XII-95

AREA:
DATE'

IXa Central South
26·111-96

AREA:
DATE: .. . .

SPA1 SPA2 SPA3 POR
SPA1 01841 06722 06353
SPA2 02482 0285
SPA3 1
POR

IXa Central South
21 XI-95

AREA:
DATE' .

SPA1 SPA2 SPA3 POR
SPA1 01573 04386 01573
SPA2 03657 0.0143
SPA3 00598
POR

"·O.()()$ .. · :, '·0
0.0008 .'. 0.029 0.0002

...... ()

SPA2 SPA3 POR

IXa Central South
20-VI-95

SPA1

SPA2
SPA3

SPA1

POR

AREA:
DATE:

.0.001S

SPA2 SPA3 POR

IXa South
6-XII-95

SPA3
POR

SPA2

AREA:
DATE:

.... SPA1
SPA1

IXa South
27 VI-95

AREA:
DATE' .

SPA1 SPA2 SPA3 POR
SPA1 0.0303 06418 0.0028
SPA2 0.0126 0.000'
SPA3 0.0003
POR
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Table 8.3 Landings (tonnes) of SARDINE by country (Data provided by the Working Group members).

SARDINE VII

COUNTRY 1981 1982 1983 1984 1985 1986 1987 1988

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

COUNTRY 1989 1990 1991 1992 1993 1994 1995

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

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

SARDINE VIII

• COUNTRY 1981 1982 1983 1984 1985 1986 1987 1988

France 9,676 5,928 6,467 4,491 8,169 10,229 7,708 7,808
Spain 33,550 31,756 32,374 27,970 25,907 39,195 36,377 40,944
UK (Eng.& Wale

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

France 8,976 8,485 9,637 8,713 5,329 7,283
Spain 29,856 27,500 20,735 26,160 24,486 22,181 19,538
UK (Eng.& Wale 1

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

SARDINE IX

COUNTRY 1975 1976 1977 1978 1979 1980 1981 1982

Portugal 95,877 79,649 79,819 86,553 91,294 106,302 113,253 100,859
Spain 12,236 10,140 9,782 12,915 43,876 49,593 65,330 71,889

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

COUNTRY 1983 1984 1985 1986 1987 1988 1989 1990

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

TOTAL 148,765 174,716 178,200 141.411 132,448 117,596 107,270 111,657

COUNTRY 1991 1992 1993 1994 1995

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

TOTAL 107,021 99,894 114,309 110,619 101,746
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Table 8.4 Annuallandings (tonnes) of SARDINE by Division and Sub-area.

DIVISION 1981 1982 1983 1984 1985 1986 1987 1988

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

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

Villa 8,482 5,928 6,013 4,472 8,090 10,186 7,631 7,770
Vlllb 1,194 454 19 79 77 77 38
Vlllc 35,550 31,756 32,374 27,970 25,907 39,195 36,377 40,944
Villd

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

IXa 178,583 172,748 148,765 174,716 178,200 141,411 132,448 117,596 •TOTAL YEAR 224,933 211,339 188,409 207,986 214,365 193,439 177,498 168,934

DIVISION 1989 1990 1991 1992 1993 1994 1995

IVc 8 19

Via
Vlb 49 24

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

total VII 1,141 1,107 4,968 19,793 5,502 23,071 16,846

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

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

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

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

Sub-area VII- 1981·1990 only French data was available
(a) -In Div Vlle, 1992 17,507t were caught by Denmark
(-) Unknown catches

.:\acfin\y,;pnhsa97\1..... ,x..
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Table 8.5 Annuallandings (t) of 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

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

1990 1991 1992 1993 1994 1995

Portugal 92,404 92,6381 83,315 90,404 94,468 87,818

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

Total 139,157 127,756 126,054 138,795 132,800 121,384

1Discards included.

E:\ACFM\WGMHSA97\T-8-S.DOC 21108/96
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Table 8.6 SARDINE (Vllic + IXa) Quarterly catches (t) by gear
by country and fleets in 1995 (Provided by the WG
members).

Country/Quarter 1st 2nd 3rd 4th Year

Total 18138 28610 43428 31208 121384

Spain (Vlllc + IXa):
Purse-seine 5579 9663 10054 8270 33566

Portugal (IXa): 12559 18947 33374 22938 87818

Purse-seine 11881 18544 32474 22311 85209
Artisanal 331 184 863 523 1900
Trawl 347 219 38 105 709

Table 8.7 SARDINE (Vllic + IXa). Total nominal catches (t) by
quarter and areas of Divisions Vllic and IXa during 1995.

Area 1st. Q 2nd.Q 3rd. Q 4th.Q Total 1995

Vlllc East 2354 804 1629 4422 9209
Vlllc West 1553 3264 3738 1774 10329
IXa North 1572 5595 4687 2074 13928
IXa Central-North 2406 9225 17303 12510 41444
IXa Central-South 6667 6433 9419 4751 27270
IXa South (>7°24' W 3486 3289 6653 5677 19104

Total 18038 28610 43428 31208 121284

•
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----------------------------------------

Table 8.8 SARDINE (Divisions VIIIc + IXa).
Effort (fishing day) and CPUE (tonlfishing day) series in commercial fisheries (P. seine).

SDain Portugal
YEAR Vlllc East(Santona) Vlllc West (Sada) IXa N(Viao+Riveira) IXa Central+South

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

1982 7,685 4.87 184 340
1983 7,867 4.01 196 312
1984 8,369 4.65 192 329
1985 5,731 4.86 192 527
1986 3,541 4.23 198 517
1987 4,455 2.07 4,099 4.71 196 437
1988 4,192 2.34 3,601 2.75 22,080 3.91 180 495
1989 314 4.10 4,008 1. 95 3,059 2.45 21,432 3.93 223 383
1990 389 3.65 3,465 1. 55 3,488 2.80 25,740 3.50 221 394
1991 394 3.13 2,891 0.93 3,279 2.44 21,798 3.56 206 377
1992 570 1. 63 2,619 1. 42 3,790 2.44 26,418 2.97 206 381
1993 498 1. 70 2,054 2.07 4,758 2.66 24,678 3.43 180 470
1994 274 4.00 2,029 2.03 4,452 2.28 21,896 4.15 148 614
1995 459 4.08 3,911 2.43 20,132 4.14 141 590
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Table 8.9 Number offish (thousands) and its %, mean length (ern)
and s.d., biomass (tonnes) and its % and mean weight by
age group and ICES Subdivision. February - March.

Area: IXa Central North

Age No % Mean Biomass % Mean
Groups Length weight
I 600012 57.87 15 13472 48.96 22.5
11 399054 38.49 16.7 12394 45.04 31.1
111 28590 2.76 18.4 1181 4.29 41.3
IV 9148 0.88 19.7 471 1.71 51.5
V
VI

Total 1036804 27518

Area: IXa Central South

Age No % Mean Biomass % Mean •Groups Length weight
I 646714 23.79 11.5 7423 6.30 11.5
11 224381 8.25 17.8 8557 7.26 38.1
111 399989 14.72 19.6 20104 17.05 50.3
IV 1185810 43.62 20.2 65601 55.64 55.3
V 256687 9.44 21 15887 13.48 61.9
VI 4646 0.17 21.8 322 0.27 69.2

Total 2718227 117894

Area: IXa South

Age No % Mean Biomass % Mean
Groups Length weight
I 47921 2.23 16.1 1324 1.25 28
11 530280 24.68 18.5 22610 21.39 43
111 504982 23.51 19.4 24826 23.49 49
IV 1018007 47.39 19.9 53969 51.07 53
V 47067 2.19 21.1 2952 2.79 63 •VI

Total 2148257 105681

Area: IXa Spain

Age No % Mean Biomass % Mean
Groups Length weight
I 330338 9.38 16 8960 5.81 27.1
11 928482 26.36 18.1 36705 23.81 39.5
111 1480967 42.04 19.8 66973 43.44 45.2
IV 693043 19.67 19.8 36018 23.36 52.0
V 82722 2.35 20.8 5018 3.25 60.7
VI 7318 0.21 21.7 505 0.33 69.0

Total 3522870 154179

e:\acfm\wgmhsa97\t-8-9.xls
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Table 8.9 (cont'd)

Area: Portugal

Age No % Mean Biomass % Mean
Groups Length weight
I 1294647 21.93 22219 8.85 17.2
11 1153715 19.54 43561 17.35 37.8
111 933561 15.81 46111 18.36 49.4
IV 2212965 37.49 120041 47.81 54.2
V 303754 5.15 18839 7.50 62.0
VI 4646 0.08 322 0.13 69.3

Total 5903288 251093

Area: Whole area

• Age No % Mean Biomass % Mean
Groups Length weight
I 1624985 17.24 31179 7.69 19.2
11 2082197 22.09 80266 19.81 38.5
111 2414528 25.62 113084 27.90 46.8
IV 2906008 30.83 156059 38.51 53.7
V 386476 4.10 23857 5.89 61.7
VI 11964 0.13 827 0.20 69.1

Total 9426158 405272

•
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Table 8.10 Number of fish (thousands) and its %, mean length (cm) and standard
deviation, biomass (tonnes) and its % and mean weight by age group
and leES Subdivisions. March.

Area: Vllic East

Age No Mean Biomass Mean
Goups % length (sd) % weight

I 5245 1.01 16.90 1.96 215.63 0.56 40.25
11 24021 4.62 20.52 1.50 1542.20 4.01 63.66
111 59911 11.53 21.23 1.05 4149.15 10.78 68.98
IV 242950 46.75 21.87 1.20 18066.48 46.95 74.01
V 167414 32.21 22.23 1.12 12924.67 33.59 76.89
VI 12663 2.44 22.76 0.61 1030.43 2.68 81.28
VII 5011 0.96 21.25 346.31 0.90 69.12
VIII 2502 0.48 22.75 203.13 0.53 81.20

Total 519716 21.82 1.34 38478.00 73.59

Area: VlllcWest

Age No Mean Biomass Mean
Goups % length (sd) % weight

I 57 0.37 17.75 1.18 2.62 0.23 45.20
11 831 5.40 20.81 1.32 54.98 4.92 65.75
111 1630 10.60 21.35 0.78 114.12 10.21 69.86
IV 7399 48.10 21.71 0.79 539.33 48.26 72.73
V 4873 31.69 21.90 0.72 362.24 32.42 74.19
VI 330 2.15 22.24 0.56 25.45 2.28 76.95
VII 196 1.27 21.25 13.55 1.21 69.12
VIII 64 0.42 22.75 5.21 0.47 81.20

Total 15381 21.68 0.88 1117.50 72.46

Area: IXa North

Age No Mean Biomass Mean
Goups % length (sd) % weight

I 5337 2.54 18.73 1.17 275.60 2.03 51.31
11 29397 14.01 19.21 1.28 1611.62 11.87 54.43
111 29006 13.83 20.60 0.82 1868.25 13.76 64.25
IV 100476 47.89 20.75 1.08 6593.24 48.56 65.33
V 41555 19.81 21.42 0.85 2933.85 21.61 70.42
VI 1749 0.83 22.31 0.56 135.76 1.00 77.54
VII 2018 0.96 21.25 139.49 1.03 69.12 •VIII 246 0.12 22.75 19.99 0.15 81.20

Total 209784 20.61 1.27 13577.80 64.33

Area: Total

Age No Mean Biomass Mean
Goups % length (sd) % weight

I 10639 1.43 17.82 1.85 493.85 0.93 45.64
11 54249 7.28 19.81 1.53 3208.80 6.03 58.59
111 90547 12.16 21.03 1.02 6131.52 11.53 67.46
IV 350824 47.10 21.55 1.26 25199.06 47.39 71.43
V 213842 28.71 22.07 1.11 16220.76 30.51 75.54
VI 14743 1.98 22.69 0.62 1191.63 2.24 80.73
VII 7225 0.97 21.25 499.35 0.94 69.12
VIII 2812 0.38 22.75 228.33 0.43 81.20

Total 744881 21.48 1.42 53173.30 70.89

•
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Table 8.11 Assessment of sardine. Number in thousands, biomass in tonnes, mean length in cm and mean weight in g. March.

AGEGROUPS
Length 11 111 IV V VI VII VIII Total Biornass

12
12.5

13
13.5

14 304 304 8.20

14.5 456 456 13.30

15 1082 1082 34.10

15.5 532 532 18.10

16 380 380 759 27.80

16.5 1049 1049 41.40

17 1292 2584 3877 16380

17.5 454 2271 2725 123.10

18 10712 1530 12242 590.70

18.5 918 6428 7346 377.70

19 4060 10151 14211 777.90

19.5 4171 4171 33370 41712 2425.20

20 26754 40131 20066 86951 5363.20

20.5 13764 20646 48173 13764 96346 6295.10• 21 7225 14450 39737 43349 7225 111985 7740.00

21.5 2721 8162 51693 21766 2721 87062 6357.20

22 4104 4104 45144 41040 4104 98496 758860

22.5 2812 30934 28121 2812 64679 5251.60

23 7918 23754 31672 7918 71263 6091.00

23.5 17551 8775 26326 2366.20

24 10187 10187 961.80

24.5 113 113 11.20

25 3451 3451 358.40

25.5 1725 1725 187.70

26

Total 10639 54249 90547 350824 213842 14743 7225 2812 744881 53173.30

% 1.43 7.28 12.16 47.10 28.71 1.98 0.97 0.38

M.length 17.82 1981 2103 21.55 22.07 22.69 21.25 22.75 21.48

s.d. 1.85 1.53 1.02 1.26 1.11 062 1.42

Biomass 493.85 320880 6131.52 25199.06 16220.76 1191.63 499.35 228.33

% 0.93 603 11.53 47.39 30.51 2.24 0.94 0.43

M. weight 45.64 58.59 67.46 71.43 75.54 80.73 69.12 81.20 70.89

e:\acfm\wgmhsa97\t-8·11.xls
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Table 8.12 Number of fish (thousands) and its %, mean length (em)
and s.d., biomass (tonnes) and its % and mean weight by
age group and ICES Subdivision. June-July.

Area: IXa Central North

Age No % Mean Biomass % Mean
Groups Length weight
0 351398 11.32 14.5 8079 5.25 23.0
I 895055 28.83 17.5 36082 23.44 40.3
11 639483 20.60 18.7 31778 20.64 49.7
111 554252 17.85 19.8 32534 21.13 58.7
IV 607384 19.56 20.6 40731 26.45 67.1
V 38859 1.25 22.2 3246 2.11 83.5
VI 18250 0.59 22.1 1515 0.98 83.0

Total 3104681 153965

Area: IXa Central South

Age No % Mean Biomass % Mean
Groups Length weight
0 31423 1.08 15.8 914 0.55 29.1 •1 414507 14.22 17.2 15776 9.56 38.1
11 229524 7.88 18.7 11416 6.92 49.7
111 859091 29.48 19.5 48631 29.47 56.6
IV 1178150 40.43 20.2 74139 44.93 62.9
V 201680 6.92 20.9 14118 8.56 70.0
VI

Total 2914375 164994

Area: IXa South

Age No % Mean Biomass % Mean
Groups Length weight
0 32100 1.62 13.6 604 0.56 18.8
I 132878 6.69 17.4 5248 4.85 39.5
11 265615 13.38 18.5 12611 11.65 47.5
111 808067 40.69 19.2 43232 39.95 53.5
IV 490404 24.69 19.8 29060 26.85 59.3
V 205257 10.34 20.7 13827 12.78 67.4
VI 51539 2.60 21 3641 3.36 70.6

Total 1985860 108223

Area: IXa Spain

Age No % Mean Biomass % Mean
Groups Length weight
0 762086 28.51 12.5 11113 13.49 14.6
I 1242794 46.50 16.2 40091 48.65 32.3
11 580692 21.72 18.2 26378 32.01 45.4
111 87381 3.27 19.4 4827 5.86 55.2
IV
V
VI

Total 2672953 82409

e:\aefm\wgmhsa97\t-8-12.xls
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Table 8.12 (cont'd)

Area: Portugal

Age No % Mean Biomass % Mean
Groups Length weight
0 414921 5.18 9597 2.25 23.1
I 1442440 18.02 57106 13.37 39.6
11 1134622 14.17 55805 13.06 49.2
111 2221410 27.75 124397 29.12 56.0
IV 2275938 28.43 143930 33.69 63.2
V 445796 5.57 31191 7.30 70.0
VI 69789 0.87 5156 1.21 73.9

Total 8004916 427182

Area: Whole area

Age No % Mean Biomass % Mean
Groups Length weight
0 1177007 11.02 20710 4.06 17.6• I 2685189 25.15 97197 19.07 36.2
11 1715314 16.06 82183 16.13 47.9
111 2308791 21.62 129224 25.36 56.0
IV 2275938 21.31 143930 28.24 63.2
V 445796 4.17 31191 6.12 70.0
VI 69789 0.65 5156 1.01 73.9

Total 1.1E+07 509591

•
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N
No

Table 8.13 SARDINE in Divisions VIIIc and IXa. Purse seine cateh length distribution ('000 fish) by country. Division and quarter in I995.

QUARTER 1 QUARTER 2 QUARTER 3 QUARTER 4. YEAR 1995 ..

L Portugal Spatn Spaln Portuga Spaln Spaln Portugal Spaln Spaln Portugal Spaln Spaln Portugal Spaln Spaln L
(cm) IXa IXa Wlc TOTAL IXa IXa Vlllc TOTAL IXa IXa Vlllc TOTAL IXa IXa Vlllc TOTAL IXa IXa Vlllc TOTAL lcm)

6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6
6.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6.5

7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7
7.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7.5

8 0 0 0 0 0 3 5 8 0 0 0 0 0 0 0 0 0 3 5 8 8
8.5 0 0 0 0 0 20 27 48 0 0 0 0 0 0 0 0 0 20 27 48 8.5

9 0 0 0 0 0 67 91 158 0 0 0 0 0 0 0 0 0 67 91 158 9
9.5 0 0 0 0 0 151 205 356 0 0 0 0 0 0 0 0 0 151 205 356 9.5
10 0 0 0 0 0 107 146 253 0 0 0 0 0 0 0 0 0 107 146 253 10

10.5 0 0 0 0 0 67 91 158 0 0 0 0 0 0 0 0 0 67 91 158 10.5
11 0 4 18 22 0 24 32 56 14 0 0 14 0 0 0 0 14 28 50 91 11

11.5 183 23 94 301 0 7 9 16 14 0 0 14 255 0 0 255 452 30 104 586 11.5
12 183 21 87 291 0 0 0 0 246 0 0 246 1,038 0 4 1,042 1,467 21 91 1,579 12

12.5 917 6 23 945 0 0 0 0 246 0 0 246 1,611 0 2 1,613 2,773 6 25 2,804 12.5
13 1,466 7 28 1,501 114 0 0 114 279 32 0 311 3,878 0 0 3,878 5.737 39 28 5,804 13

13.5 1,100 1 5 1,106 685 0 0 685 134 57 33 224 5,419 56 47 5,523 7,338 115 85 7,538 13.5
14 4,118 18 5 4,141 1,495 0 0 1,495 117 159· 139· 415 6,180 46 - 494 6,721 11,911 223 639 • 12,773 14

14.5 3,513 22 5 3,541 3,780 0 0 3,780 14 287 152 453 5,319· 129· 544· 5,991 12.626 438 701 13,765 14.5 .
15 4,828 67 3 4,898 3,767 0 0 3,767 27 269 46 343 3,304 142 165 3,611 11,926 479 214 12,618 15

15.5 6,837 64 3 6,903 3,415 0 0 3,415 422 194 27 643 3,108 140 94 3,342 13.782 398 124 14,303 15.5
16 6,583 221 0 6,804 5,413 130 9 5,551 2,264 243 17 2,523 2,779 238 47 3,064 17,038 831 73 17,943 16

16.5 4,728 178 65 4,972 5,892 53 13 5,957 8,866 84 13 8,964 3,739 200 48 3,987 23,226 516 139 23,880 16.5
17 5,544 449 146 6,139 7,691 655 0 8,346 27,150 229 5 27,385 8,668 226 0 8,894 49,053 1,559 151 50,763 17

17.5 9,690 302 0 9,991 12,732 490 8 13,230 56,717 210 5 56,932 13,707 201 0 13,908 92,845 1,202 14 94,061 17.5
18 16,352 680 4 17,036 26,693 1,857 63 28,613 60,697 1,463 30 62,190 27,011 503 65 27,579 130,753 4,503 162 135,418 18

18.5 32,898 717 144 33,758 52,515 4,415 153 57,083 72,252 2,885 41 75,178 34,014 666 521 35,200 191,679 8,682 858 201,220 18.5
19 39,392 1,755 239 41,386 67,616 10,230 525 78,371 90,447 9,111 107 99,665 44,377 1,695 2,643 48,715 241,831 22,791 3,514 268,136 19

19.5 34,683 1,920 1,233 37,837 61,207 9,914 803 71,924 76,286 8,604 423 85,313 61,165 1,803 4,227 67,196 233,342 22,241 6,687 262,270 19.5
20 24,252 4,698 4,125 33,075 37,374 20,685 4,841 62,900 54,925 13,517 2,258 70,700 40,306. 2,867 6,134 49,307 156,856 41,767 17,358 215,981 20

20.5 16,830 3,699 6,817 27,345 17,832 12,630 9,900 40,362 29,368 8,635 7,458 45,461 26,568 3,236 7,710 37,513 90,597 28,199 31,886 150,682 20.5
21 8,776 5,255 9,913 23,943 9,944 13,149 12,881 35,973 19,244 7,837 13,535 40,616 25,068 5,114 12,481 42,663 63,032 31,354 48,809 143,196 21

21.5 5,021 1,493 7,862 14,375 3,891 4,489 10,766 19,146 7,895 3,122 14,520 25,537 16,492 3,339 14,047 33,877 33,299 12,442 47,194 92,936 21.5
22 1,511 2,192 6,298 10,001 1,258 3,498 6,324 11,080 5,017 2,666 9,913 17,597 7,905 3,814 10,862 22,582 15,691 12,170 33,398 61,260 22

22.5 414 490 4,710 5,614 201 978 2,182 3,361 529 859 4,053 5,440 2,117 1,183 6,610 9,910 3,261 3,509 17,555 24,325 22.5
23 87 125 3,817 4,029 76 246 1,717 2,040 119 290 2,073 2,462 919 714 3,275 4,907 1,201 1,375 10,882 13,458 23

23.5 78 40 2,284 2,402 0 0 583 583 1 96 702 800 245 102 1,349 1,695 324 237 4,918 5,479 23.5
24 0 8 1,731 1,739 0 37 390 427 0 0 353 353 7 41 892 940 7 86 3,366 3,458 24

24.5 36 0 717 753 0 32 320 352 0 2 153 156 0 8 422 430 36 43 1,612 1,691 24.5
25 0 2 452 455 0 0 89 89 0 0 5 5 0 14 90 104 0 17 636 653 25

25.5 0 0 52 52 0 0 22 22 0 0 0 0 0 0 14 14 0 0 88 88 25.5
26 0 0 54 54 0 0 8 8 0 0 3 3 0 0 13 13 0 0 78 78 26

26.5 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 26.5
27 0 0 0 0 0 0 17 17 0 0 0 0 0 0 0 0 0 0 17 17 27

27.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 27.5

TOTAL 230,019 24,456 50,936 305,411 323,591 83,931 52,219 459,741 513,289 60,851 56,067 630,207 345,198 26,477 72,799 444,475 1,412,097 195,715 232,021 . 1,839,833 TOTAL
Fish measured 6,772 3,401 4,363 14,536 9,059 5,531 4,371 18,961 18,645 5,466 5,546 29,657 11,363 3,688 3,968 19,019 45,839 18,086 18,248 82,173 Fish measured
No.of sampies 57 30 56 143 94 49 57 200 95 49 74 218 95 36 49 180 341 164 236 741 No.ofsamples
no. aged No.aged

Catchlt) 11.881 1,572 3,907 17.360 18,544 5.595 4,068 28.208 32.474 4.687 5,367 42,528 22.311 2,074 6,196 30.581 85,210 13.929 19,539 118,678 Catchltl

• •



Table 8.14 SARDINE in Division Vlle. Catch length distribution ('000 fish)
from trawl fishery (England and Wales) during 1995.

•

ENGLAND &WALES
L QUARTER 1 QUARTER 2 QUARTER 1 QUARTER 1 TOTAL

(ern)
6
7
8
9
10
11
12
13
14
15
16 22 22
17 164 51 215
18 268 896 1164
19 537 3243 3780
20 497 4466 4963
21 1710 3339 5048
22 3792 5239 9032
23 4911 5991 10902
24 4399 4707 9106
25 2127 1635 3762
26 557 692 1248
27 249 60 309
28 51 51
29
30
31
32
33
34
35
36
37
38
39
40

TOTAL 19210 0 0 30391 49601
Fish rneasured 349 628 977
NO.of sarnples 3 5 8
No. aged 0 0 0

Cateh(t) - Vlle 1988 1.11 5.63 3435 5429

.:\acfm\wsmhsa971t.g·14.xl.
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Table8.1S Catch in numbers ('000) at age by quarter and by

sub-division ofSARDfNE in 1995.

1995 Ville East Ville West IXa North Xa Centr- Xa Centr- IXa South All areas
l'st a l'st a l'st a l'st a l'st a l'st a l'st a

Aoe eateh('OOO ateh('OOO catch('OOO atch('OOO atch('OOO ateh('OOO catch ('000)
0 0 0 0 0 0 0 0
1 26 416 1,015 373 17,068 3.346 22.244
2 527 707 2.168 441 12,026 6,656 22.525
3 7.713 8,039 10.319 7.561 49,797 18,795 102,223
4 8,801 8,289 8.223 16.291 52,011 33,279 126,894
5 3,012 1.653 1.239 2,881 8,428 2.887 20,100
6 3.191 1,066 775 1.008 1,302 198 7,539
7 1,825 698 409 233 45 36 3,246
8 2,585 543 193 0 0 0 3,321
9 363 87 25 0 0 0 475
10 457 113 50 0 0 0 620
11 701 122 40 0 0 0 863
12 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15+ 0 0 0 0 0 0 0
Total 29.201 21.733 24,456 28.788 140,676 65.197 310,051

Tonnes ' 2,354 1,553 1,572 2,406 6,667 3,486 18,038

Ville East Ville West IXa North Xa Centr· Xa Centr- IXa South All areas
2'nd a 2'nd a 2'nd a 2'nd a 2'nd a 2'nd a 2'nd a

Age cateh('OOO atch('OOO catch('OOO atch('OOO atch('OOO atch('OOO eatch ('000)
0 0 0 0 0 0 0 0
1 12 674 1,866 15.743 20,601 0 38,895
2 189 1.342 9,092 28,049 15,653 3.938 58,263
3 2.751 16,465 38,661 77.898 42,831 24.119 202.725
4 3,067 17.137 27.740 35.756 34,611 32,831 151.142
5 917 3,089 3,268 1.310 5,203 1,467 15,254
6 876 1.755 1.767 3.345 47 0 7.790
7 518 1.248 864 1,669 0 0 4.299
8 662 695 405 707 0 0 2,469
9 96 90 49 0 0 0 235

10 119 127 78 0 0 0 324
11 198 193 140 0 0 0 531
12 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15+ 0 0 0 0 0 0 0
Total 9,405 42.815 83,930 164,477 118,945 62,355 481,927

Tonnes 804 3.264 5.595 9,225 6,433 3.289 28.610

Ville East Vllie West IXa North Xa Centr- Xa Centr- IXa South All areas
3'rd a 3'rd a 3'rd a 3'rd a 3'rd a 3'rd a 3'rd a

Ace eateh('OOO ateh('OOO) eateh('OOO ateh('OOO ateh('OOO ateh('OOO catch ('000)
0 5 440 2,304 1,083 172 0 4,005
1 932 2.753 11.509 54,436 1.148 0 70.778
2 1,449 4.117 11.342 58.230 41.039 21,485 137,662
3 3.996 10,660 17.854 111.211 79.336 82,523 305,579
4 5,492 13.145 12.910 28.809 16.137 5,486 81,978
5 1,441 3,324 2,208 1.797 1,496 238 10,505
6 1.271 1,926 1.224 541 0 0 4,962
7 1,016 1,967 992 2.724 0 0 6,699
8 690 1,219 472 207 0 0 2.588
9 36 26 9 0 0 0 71
10 70 91 29 0 0 0 190
11 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15+ 0 0 0 0 0 0 0
Total 16.398 39,668 60,853 259,038 139,328 109,732 625,017

Tonnes 1,629 3.738 4.687 17,303 9,419 6.653 43,429
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•

Table 8.1S (continued)

Vllic East Vlllc West IXa North Xa Centr- Xa Centr· IXa South All areas
4'th a 4'th a 4'th a 4'th a 4'th a 4'th a 4'th a

Aoe catch('OOO atch('OOO) catch('OOO atch('OOO atch('OOO atch('OOO catch ('000)
0 139 1,414 1,380 1,561 22,013 0 26,507
1 4,972 1,114 3,300 25,546 19,298 0 54.230
2 6.398 1,643 3.500 25.221 16,288 1,215 54.265
3 13.874 4,766 6.930 68.690 24.779 68,141 187,180
4 15.279 6,588 7.295 30.119 8.884 11,701 79,865
5 3,645 1,802 1,537 10,416 831 3,118 21.349
6 3.305 1,308 1.024 3,022 7 0 8.665
7 2,450 1.123 906 1,535 0 0 6,014
8 1.760 830 543 0 0 0 3,133
9 79 21 21 0 0 0 121
10 202 86 42 0 0 0 330
11 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15+ 0 0 0 0 0 0 0
Total 52.103 20,695 26,478 166,109 92.100 84,174 441,659

Tonnes 4,422 1.774 2.074 12.510 4.751 5,677 31.208

Vllic East Vlllc West IXa North Xa Centr- Xa Centr· IXa South All areas
1-4 a 1-4 a 1-4 a 1-4 a 1-4 a 1-4 a 1-4 a

Aae catch('OOO atch('OOO) catch('OOO atch('OOO atch('OOO atch('OOO catch ('000)
0 144 1,854 3.684 2,645 22,185 0 30,512
1 5,942 4,957 17,690 96.097 58.115 3,346 186,147
2 8.563 7.809 26,102 111,942 85.006 33.293 272,715
3 28.334 39.930 73,764 265,359 196.743 193.578 797,707
4 32.639 45.159 56,168 110.975 111,642 83.297 439,880
5 9.015 9.868 8,252 16,405 15,958 7,709 67.208
6 8.643 6.055 4,790 7.915 1,356 198 28.956
7 5,809 5.036 3,171 6,162 45 36 20.259
8 5,697 3.287 1,613 913 0 0 11.510
9 574 224 104 0 0 0 902
10 848 417 199 0 0 0 1,464
11 899 315 180 0 0 0 1,394
12 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15+ 0 0 0 0 0 0 0
Total 107,107 124,911 195,717 618,412 491.050 321,458 1.858,654

Tonnes 9,209 10,329 13,928 41,444 27,270 19.104 121,284
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Table 8.16 Annual catch in number at age for the period 1976-1995.

The SAS System 08:49 Monday, August 19, 1996
Sardine in the Southern Area (Fishing Areas Vlllc and IXa)

CANUM: Catch in Numbers (Millions)

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

1976 420 1871 1426 252 71 12 3 0
1977 844 2421 954 110 22 3 1 0
1978 854 2145 913 281 127 40 16 0
1979 643 1479 935 423 187 93 36 0
1980 842 1997 1542 372 155 47 30 0
1981 1021 1920 1720 666 192 102 76 0
1982 60 769 1854 701 350 130 129 0
1983 1061 553 838 795 322 140 139 0
1984 109 3289 470 488 295 176 116 0
1985 258 527 2343 457 290 197 101 0
1986 238 702 987 903 322 194 166 0
1987 1401 512 615 520 521 147 170 0
1988 439 979 525 428 303 291 189 0
1989 244 512 895 381 215 198 183 61
1990 234 562 488 680 275 142 104 142
1991 1574 456 404 380 256 72 26 79
1992 490 985 423 317 175 108 19 61
1993 88 562 1051 502 245 111 66 52
1994 121 61 527 1059 261 107 35 36
1995 31 186 273 798 440 67 29 36

•
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Table8.17 Length (ern) at age by quarter and by sub-division
ofSARDINE in 1995.

•

•

1995 Vlllc East Vlllc West IXa North IXa Centr-N IXa Centr-S IXa South All areas
1'st Q 1'st Q 1'st Q 1'st Q 1'st Q 1'st Q 1'st Q

Ace lencth{em) lencth{em) lencth{em) lencth{em) lencth(em) lenmh(em) lenqth{em)
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 19.2 14.2 16.8 16.6 14.5 15.6 14.8
2 20.3 20.2 19.2 17.4 16.7 16.6 17.1
3 21.4 21.1 20.4 18.5 19.0 18.7 19.4
4 21.6 21.3 20.9 19.7 19.9 19.7 20.1
5 22.6 21.8 21.5 20.6 20.7 20.7 21.1
6 23.0 22.4 21.9 21.3 22.3 23.0 22.5
7 22.9 22.3 22.1 21.7 23.2 24.7 22.6
8 23.7 23.1 22.3 0.0 0.0 0.0 23.5
9 23.4 23.5 22.9 0.0 0.0 0.0 23.4
10 24.1 23.6 22.4 0.0 0.0 0.0 23.9
11 24.4 23.5 21.3 0.0 0.0 0.0 24.1
12 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 0.0 0.0 0.0 0.0 0.0 0.0 0.0

15+ 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0-15+ 22.2 21.3 20.5 19.5 18.7 18.9 19.5

Vlllc East Vlllc West IXa North IXa Centr-N IXa Centr-S IXa South All areas
2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q

Aqe lencth{em) lenath{em) lencth{em) lenath{em) lenath(em) lencth(em) lenath{em)
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 19.0 10.9 16.2 17.5 15.6 0.0 16.3
2 20.2 20.4 19.5 19.2 18.8 18.2 19.1
3 21.3 21.1 20.2 19.4 19.6 18.8 19.7
4 21.6 21.3 20.6 19.7 20.0 19.0 20.0
5 22.4 21.7 21.2 21.0 20.7 20.0 21.1
6 22.9 22.2 21.5 20.8 22.7 0.0 21.5
7 22.8 22.1 21.9 21.3 22.7 0.0 21.8
8 23.6 22.6 22.2 21.5 0.0 0.0 22.5
9 23.3 23.1 22.9 0.0 0.0 0.0 23.1
10 24.2 22.6 22.3 0.0 0.0 0.0 23.1
11 24.4 22.8 21.4 0.0 0.0 0.0 23.0
12 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 0.0 0.0 0.0 0.0 0.0 0.0 0.0

15+ 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0-15+ 22.0 21.2 20.3 19.3 19.0 18.9 19.6

Vlllc East Ville West IXa North IXa Centr-N IXa Centr-S IXa South All areas
3'rd Q 3'rd Q 3'rd Q 3'rd Q 3'rd Q 3'rd Q 3'rd Q

Ace lenath (em) lenmh (em) lenqth (em) lenqth (em) lenqth (em) lenqth (em) lencth{em)
0 19.3 14.9 16.7 13.2 15.7 0.0 15.5
1 21.0 21.1 19.6 17.9 16.2 0.0 18.3
2 21.2 21.2 20.0 18.9 18.2 18.0 18.7
3 21.6 21.4 20.4 19.7 19.6 18.8 19.6
4 21.9 21.7 20.8 20.5 20.6 19.1 20.8
5 22.1 21.7 21.2 20.8 21.4 21.2 21.4
6 22.8 22.3 21.3 20.2 23.0 0.0 22.0
7 22.5 21.9 21.6 22.1 0.0 0.0 22.0
8 22.6 22.2 22.1 22.8 0.0 0.0 22.3
9 23.3 23.3 23.3 0.0 0.0 0.0 23.3
10 23.2 22.9 22.8 0.0 0.0 0.0 23.0
11 0.0 0.0 0.0 0.0 0.0 0.0 0.0
12 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 0.0 0.0 0.0 0.0 0.0 0.0 0.0

15+ 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0-15+ 21.9 21.5 20.2 19.2 19.3 18.6 19.4
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Table 8.17 (continued)

Vlllc East Vlllc West IXa North IXa Centr-N IXa Centr-S IXa South All areas
4'th a 4'th a 4'th a 4'th a 4'th a 4'th a 4'th a

AQe lenQth(cm) length(cm) lenath(cm) length(cm) lenath(cm) lenath(cm) lenath(cm)
0 19.3 14.8 16.5 15.3 13.9 0.0 14.2
1 20.3 21.2 19.8 18.2 16.5 0.0 18.0
2 20.6 21.4 20.5 19.0 18.4 18.2 19.2

·3 21.1 21.7 21.0 20.4 19.9 19.4 20.1
4 21.6 21.9 21.5 21.0 20.5 19.6 21.0
5 22.0 22.0 21.7 21.7 21.1 20.6 21.6
6 22.7 22.5 22.2 22.2 24.2 0.0 22.4
7 22.5 22.1 21.9 22.4 0.0 0.0 22.3
8 22.8 22.4 22.3 0.0 0.0 0.0 22.6
9 23.4 23.4 23.3 0.0 0.0 0.0 23.4

10 23.2 22.9 22.9 0.0 0.0 0.0 23.1
11 0.0 0.0 0.0 0.0 0.0 0.0 0.0
12 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 0.0 0.0 0.0 0.0 0.0 0.0 0.0

15+ 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0-15+ 21.4 21.4 20.8 20.0 17.6 19.5 19.7

Vlllc East Vlllc West IXa North IXa Centr-N IXa Centr-S IXa South All areas
1·4 a 1·4 a 1-4 a 1·4 a 1-4 a 1-4 a 1-4 a

Aae lenQth(cm) lenQth(cm) lenqth(cm) lenQthlcm) lenqth(cm) lenQth(cm) lenqth(cm)
0 19.3 14.8 16.6 14.4 13.9 0.0 14.4
1 20.4 19.2 19.1 17.9 15.6 15.6 17.4
2 20.7 21.0 19.8 19.0 18.2 17.7 18.8
3 21.3 21.3 20.4 19.7 19.5 19.0 19.7
4 21.7 21.5 20.8 20.3 20.0 19.4 20.3
5 22.3 21.8 21.3 21.3 20.8 20.5 21.3
6 22.8 22.3 21.7 21.3 22.3 23.0 22.1
7 22.7 22.0 21.8 21.9 23.2 24.7 22.2
8 23.3 22.5 22.2 21.8 0.0 0.0 22.8
9 23.4 23.3 23.0 0.0 0.0 0.0 23.3
10 23.8 23.0 22.5 0.0 0.0 0.0 23.4
11 24.4 23.1 21.4 0.0 0.0 0.0 23.7
12 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 0.0 0.0 0.0 0.0 0.0 0.0 0.0

15+ 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0-15+ 21.7 21.3 20.3 19.5 18.7 19.0 19.5

c:\Krm\wgmhsa91\l:.....11 xii
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Table8.18 Weight (g) at age by quarter and by sub-division
of SARDINE in 1995.

•

•

1995 Vllic East Vlllc West IXa North IXa Centr-N IXa Centr-S IXa South All areas
l'st 0 l'st Q l'st 0 l'st 0 l'st 0 l'st 0 l'st 0

Aae catch('OOOI catch('OOOI weiaht(al weiaht(al weiaht(al weiaht(al weight(gl
0 0 0 0 0 0 0 0
1 53 22 36 52 22 30 25
2 62 61 53 61 34 36 38
3 72 69 63 72 48 51 55
4 74 71 67 86 55 59 63
5 84 76 73 98 62 68 73
6 89 82 76 108 76 92 87
7 88 81 79 113 86 114 87
8 97 90 81 0 0 0 95
9 93 94 88 0 0 0 93
10 101 95 82 0 0 0 98
11 105 94 71 0 0 0 102
12 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15+ 0 0 0 0 0 0 0
0-15+ 80 71 64 84 47 53 58

Vlllc East Vlllc West IXa North IXa Centr-N IXa Centr-S IXa South All areas
2'nda 2'nd 0 2'nd 0 2'nd 0 2'nd 0 2'nd 0 2'nd 0

Aae weiaht(al weiaht(al weiaht(lll weiahtlal weillht(al weiaht(al weiaht(al
0 0 0 0 0 0 0 0
1 54 10 33 42 30 0 35
2 65 67 58 55 52 47 54
3 77 75 65 57 58 52 60
4 80 76 69 59 62 54 63
5 90 81 76 71 69 62 73
6 96 87 79 69 89 0 78
7 94 85 83 74 89 0 82
8 105 93 87 76 0 0 90
9 101 98 95 0 0 0 99
10 113 92 89 0 0 0 99
11 117 95 78 0 0 0 99
12 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15+ 0 0 0 0 0 0 0
0-15+ 85 76 66 56 54 53 59

Vllic East Vlllc West IXa North IXa Centr-N IXa Centr-S IXa South All areas
3'rd 0 3'rd 0 3'rd Q 3'rd Q 3'rd 0 3'rd 0 3'rd 0

Aae weiaht (a) weillht (lll weillht (lll weillht (lll weight (lll weillht (gI weiaht(lll
0 66 28 40 23 37 0 34
1 87 87 69 53 40 0 58
2 90 89 74 63 57 54 62
3 94 92 78 71 71 62 70
4 99 96 84 80 80 66 84
5 102 97 89 82 91 88 92
6 113 104 91 77 110 0 100
7 107 99 95 99 0 0 100
8 110 103 101 109 0 0 105
9 122 120 120 0 0 0 121
10 119 114 112 0 0 0 116
11 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15+ 0 0 0 0 0 0 0
0-15+ 99 94 76 67 68 61 69

."'rml.....,.,tua91\t-..18x1s
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Table 8.18 (continued)

Vlllc East Vlllc West IXa North IXa Centr-N IXa Centr-S IXa South All areas
4'th Q 4'th Q 4'th Q 4'th Q 4'th Q 4'th Q 4'th Q

Aae weiaht(a) weiaht(a) weight(g} weight(g) weight(g) weight(g) weight(g)
0 60 26 37 31 22 0 24
1 71 81 65 54 40 0 52
2 74 84 73 62 56 54 63
3 80 87 78 78 72 67 74
4 87 90 85 87 80 70 84
5 92 91 87 97 88 81 92
6 101 99 94 103 139 0 101
7 98 93 91 107 0 0 98
8 102 97 96 0 0 0 100
9 111 111 109 0 0 0 111
10 109 104 103 0 0 0 107
11 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15+ 0 0 0 0 0 0 0
0-15+ 84 85 78 75 52 67 71

Vlllc East Vlllc West IXa North IXa Centr-N lXa Centr-S IXa South All areas
1-4 Q 1-4 Q 1-4 Q 1-4 Q 1-4 Q 1-4 Q 1-4 Q

Age weight(g) weight(g) weight(g) weight(g) weight(g) weight(g) weiQht(g)
0 60 26 39 28 23 0 25
1 73 70 63 52 31 30 47
2 76 82 67 61 53 50 59
3 79 80 69 69 62 61 66
4 85 83 74 76 63 59 71
5 91 87 81 93 68 73 82
6 98 94 85 88 77 92 91
7 96 92 88 95 86 114 93
8 101 97 93 83 0 0 97
9 98 100 99 0 0 0 99
10 106 100 94 0 0 0 103
11 108 95 76 0 0 0 101
12 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15+ 0 0 0 0 0 0 0
0-15+ 85 82 71 67 56 59 65

c:..rm\\\'1mhsa97\t.R·18.xI.
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Table 8.19

The SAS System 08:49 Monday, August 19, 1996
Sardine in the Southern Area (Fishing Areas Vllic and IXa)

~ECA: Mean ~eight in Catch (Kilograms)

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

1976 0.017 0.034 0.052 0.060 0.068 0.072 0.079 0.093
1977 0.017 0.034 0.052 0.060 0.068 0.072 0.079 0.093
1978 0.017 0.034 0.052 0.060 0.068 0.072 0.079 0.093
1979 0.017 0.034 0.052 0.060 0.068 0.072 0.079 0.093
1980 0.017 0.034 0.052 0.060 0.068 0.072 0.079 0.093
1981 0.017 0.034 0.052 0.060 0.068 0.072 0.079 0.093
1982 0.017 0.034 0.052 0.060 0.068 0.072 0.079 0.093
1983 0.017 0.034 0.052 0.060 0.068 0.072 0.079 0.093
1984 0.017 0.034 0.052 0.060 0.068 0.072 0.079 0.093
1985 0.017 0.034 0.052 0.060 0.068 0.072 0.079 0.093
1986 0.017 0.034 0.052 0.060 0.068 0.072 0.079 0.093
1987 0.017 0.034 0.052 0.060 0.068 0.072 0.079 0.093
1988 0.017 0.034 0.052 0.060 0.068 0.072 0.079 0.093
1989 0.013 0.035 0.052 0.059 0.066 0.071 0.087 0.093
1990 0.024 0.032 0.047 0.057 0.061 0.067 0.070 0.096

• 1991 0.020 0.031 0.058 0.063 0.073 0.074 0.087 0.097
1992 0.018 0.045 0.055 0.066 0.070 0.079 0.083 0.091
1993 0.017 0.037 0.051 0.058 0.066 0.071 0.081 0.093
1994 0.020 0.036 0.058 0.062 0.070 0.076 0.087 0.093
1995 0.025 0.047 0.059 0.066 0.066 0.071 0.082 0.091

Table 8.20

The SAS System 08:49 Monday, August 19, 1996
Sardine in the Southern Area (Fishing Areas VIIIc and IXa)

WEST: Mean Weight in Stock (Kilograms)

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

• 1976 0.000 0.015 0.038 0.050 0.064 0.067 0.077 0.086
1977 0.000 0.015 0.038 0.050 0.064 0.067 0.077 0.086
1978 0.000 0.015 0.038 0.050 0.064 0.067 0.077 0.086
1979 0.000 0.015 0.038 0.050 0.064 0.067 0.077 0.086
1980 0.000 0.015 0.038 0.050 0.064 0.067 0.077 0.086
1981 0.000 0.015 0.038 0.050 0.064 0.067 0.077 0.086
1982 0.000 0.015 0.038 0.050 0.064 0.067 0.077 0.086
1983 0.000 0.015 0.038 0.050 0.064 0.067 0.077 0.086
1984 0.000 0.015 0.038 0.050 0.064 0.067 0.077 0.086
1985 0.000 0.015 0.038 0.050 0.064 0.067 0.077 0.086
1986 0.000 0.015 0.038 0.050 0.064 0.067 0.077 0.086
1987 0.000 0.015 0.038 0.050 0.064 0.067 0.077 0.086
1988 0.000 0.015 0.038 0.050 0.064 0.067 0.077 0.086
1989 0.000 0.015 0.038 0.050 0.064 0.067 0.077 0.086
1990 0.000 0.015 0.038 0.050 0.064 0.067 0.079 0.086
1991 0.000 0.019 0.042 0.050 0.064 0.071 0.075 0.088
1992 0.000 0.027 0.036 0.050 0.062 0.069 0.076 0.091
1993 0.000 0.022 0.045 0.057 0.064 0.073 0.076 0.091
1994 0.000 0.031 0.040 0.049 0.060 0.067 0.070 0.085
1995 0.000 0.029 0.050 0.062 0.072 0.079 0.080 0.092
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Table 8.21
--:.~e, -."'"'»-~:::.:._~,::,_ .... -~,~\''':--'Y- .•. ~_.,..~ ~':

The SAS System 08:49 Monday, August 19, 1996
Sardine in the Southern Area (Fishing Areas Vllic and IXa)

MATPROP: Proportion Mature at Year Start

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

1976 0.00 0.65 0.95 1.00 1.00 1.00 1.00 1.00
1977 0.00 0.65 0.95 1.00 1.00 1.00 1.00 1.00
1978 0.00 0.65 0.95 1.00 1.00 1.00 1.00 1.00
1979 0.00 0.65 0.95 1.00 1.00 1.00 1.00 1.00
1980 0.00 0.65 0.95 1.00 1.00 1.00 1.00 1.00
1981 0.00 0.65 0.95 1.00 1.00 1.00 1.00 1.00
1982 0.00 0.65 0.95 1.00 1.00 1.00 1.00 1.00
1983 0.00 0.65 0.95 1.00 1.00 1.00 1.00 1.00
1984 0.00 0.65 0.95 1.00 1.00 1.00 1.00 1.00
1985 0.00 0.65 0.95 1.00 1.00 1.00 1.00 1.00
1986 0.00 0.65 0.95 1.00 1.00 1.00 1.00 1.00
1987 0.00 0.65 0.95 1.00 1.00 1.00 1.00 1.00
1988 0.00 0.65 0.95 1.00 1.00 1.00 1.00 1.00
1989 0.00 0.23 0.83 0.91 0.92 0.94 0.97 1.00
1990 0.00 0.60 0.81 0.88 0.89 0.94 0.97 1.00
1991 0.00 0.74 0.91 0.96 0.97 1.00 1.00 1.00
1992 0.00 0.79 0.91 0.95 0.98 1.00 1.00 1.00
1993 0.00 0.47 0.93 0.94 0.97 0.99 1.00 1.00 •1994 0.00 0.80 0.89 0.96 0.96 0.97 1.00 1.00
1995 0.00 0.73 0.98 0.97 0.99 1.00 1.00 1.00

Table8.22

Sardine in Fishing Areas Vllic and IXa
102

Spanish Spring AS
1988 1996

1 1 0.25 0.33
1 11
1 221000 63000 72000 64000 858000 175000 310000 342000 53000 18000 -1
1 73000 304000 66000 96000 76000 906000 156000 177000 97000 42000 11000
1 69000 56000 274000 55000 88000 134000 249000 70000 49000 46000 23000
1 25000 150000 126000 314000 51000 79000 56000 345000 29000 71000 6000 •1 159000 78000 85000 29000 115000 24000 20000 12000 57000 3000 9000
1 242000 324000 92000 83000 83000 267000 27000 74000 71000 226000 79000
1 -1 ·1 -1 -1 -1 ·1 -1 -1 ·1 -1 ·1
1 18300 16700 97400 80600 19100 8500 5500 -1 ·1 -1 -1
1 10639 54249 90547 350824 213842 14743 7225 2812 -1 -1 -1

Portuguese Spring AS
1986 1996

1 1 0.25 0.33
1 6
1 2343866 4024705 1544477 517525 470564 21325 -1
1 ·1 -1 -1 -1 ·1 ·1 ·1
1 7742997 2684245 1617241 1446931 804077 425311
1 -1 -1 ·1 ·1 -1 -1 -1
1 ·1 -1 ·1 -1 -1 -1 ·1
1 -1 -1 -1 -1 -1 -1 -1
1 -1 -1 ·1 -1 -1 -1 -1
1 ·1 ·1 -1 -1 -1 -1 -1
1 -1 ·1 -1 -1 -1 -1 -1
1 228435 237092 2110869 2948951 729708 128246 21973
1 294647 1153715 933561 2212965 303754 4646 ·1
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Table 8.23

Sardine in Fishing Areas Vlllc and IXa
104

Spanish Spring AS
1988 1996

1 1 0.25 0.33
1 11
1 221000 63000 72000 64000 858000 175000 310000 342000 53000 18000 -1
1 73000 304000 66000 96000 76000 906000 156000 177000 97000 42000 11000
1 69000 56000 274000 55000 88000 134000 249000 70000 49000 46000 23000
1 25000 150000 126000 314000 51000 79000 56000 345000 29000 71000 6000
1 159000 78000 85000 29000 115000 24000 20000 12000 57000 3000 9000
1 242000 324000 92000 83000 83000 267000 27000 74000 71000 226000 79000
1 -1 -1 ·1 -1 -1 -1 -1 -1 -1 -1 -1
1 18300 16700 97400 80600 19100 8500 5500 -1 -1 ·1 ·1
1 10639 54249 90547 350824 213842 14743 7225 2812 ·1 -1 -1

Portuguese Winter
1984 1992

1 1 0.84 0.92
0 6
1 2957000 5733000 1152000 1037000 528000 76000 40000
1 2063000 2744000 4548000 1083000 839000 144000 61000• 1 2493000 1612000 1670000 658000 323000 127000 50000
1 3715000 2379000 1344000 929000 666000 237000 49000
1 -1 -1 -1 -1 -1 -1 -1
1 ·1 -1 -1 -1 -1 -1 -1
1 ·1 -1 ·1 -1 -1 -1 -1
1 ·1 ·1 ·1 -1 ·1 ·1 ·1
1 6349072 5480539 1157103 1002580 437424 108224 5663
1 -1 -1 ·1 -1 -1 ·1 -1
1 -1 -1 ·1 -1 -1 -1 -1
1 ·1 -1 -1 -1 -1 ·1 -1
1 -1 ·1 ·1 -1 ·1 -1 -1

Portuguese Spring AS
1986 1996

1 1 0.25 0.33
1 6
1 2343866 4024705 1544477 517525 470564 21325 -1
1 ·1 -1 -1 -1 -1 -1 -1
1 7742997 2684245 1617241 1446931 804077 425311
1 ·1 -1 -1 -1 -1 -1 ·1
1 -1 -1 -1 -1 ·1 -1 -1
1 -1 -1 ·1 -1 -1 -1 -1
1 -1 -1 ·1 ·1 -1 ·1 -1

• 1 -1 -1 -1 -1 ·1 ·1 ·1
1 -1 -1 ·1 -1 -1 ·1 -1
1 228435 237092 2110869 2948951 729708 128246 21973
1 294647 1153715 933561 2212965 303754 4646 -1

Portuguese Summer AS
1985 1996

1 1 0.75 0.83
0 6
1 458169 1184421 4030089 410085 188705 54323 7622
1 4007382 2702917 2491529 718216 21215 -1 -1
1 4546428 1203302 1408260 1102317 669649 163138 46283
1 3139228 1823194 988659 802473 426141 69944 8682
1 -1 -1 ·1 ·1 -1 ·1 -1
1 -1 -1 -1 -1 -1 -1 -1
1 -1 -1 -1 -1 -1 -1 -1
1 -1 -1 -1 -1 -1 -1 -1
1 ·1 -1 -1 -1 -1 -1 -1
1 -1 -1 -1 -1 -1 -1 -1
1 -1 -1 -1 -1 ·1 ·1 -1
1 414921 1442440 1134622 2221410 2275938 445796 69789
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Table 8.24

CATCH NUMBERS AT AGE (Mi.OO5)
1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995

0 420 844 854 643 842 1021 60 1061 109 258 238 1401 439 244 234 1574 490 88 121 31
1 1871 2421 2145 1479 1997 1920 769 553 3289 527 702 512 979 512 562 456 985 562 61 186
2 1426 954 913 935 1542 1720 1854 838 470 2343 987 615 525 895 488 404 423 1051 527 273
3 252 110 281 423 372 666 701 795 488 457 903 520 428 381 680 380 317 502 1059 798
4 71 22 127 187 155 192 350 322 295 290 322 521 303 215 275 256 175 245 261 440
5 12 3 40 93 47 102 130 140 176 197 194 147 291 198 142 72 108 111 107 67
6 3 1 16 36 30 76 129 139 116 101 166 170 189 183 104 26 19 66 35 29
7 1 1 1 1 1 1 1 1 1 1 1 1 1 61 142 79 61 52 36 36
8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

INDICES OF SPAWNING STOCK BIOMASS
0

AGE-STRUCTURED INOICES
INDEX: 1 tram 1988 10 1996

1988 1989 1990 1991 1992 1993 1994 1995 1996

1 2.21E+05 730E+04 690E+<l4 2.50E+<l4 159E+05 2.42E+<l5 -100E+OO 183E+<l4 I06E+<l4
2 630E+04 3.04E+05 5.60E+<l4 150E+<l5 7 BOE+<l4 3.24E+<l5 -100E+OO 167E+<l4 542E+<l4
3 720E+04 660E+04 2.74E+<l5 126E+<l5 850E+<l4 920E+<l4 -100E+<l0 9.74E+04 905E+<l4
4 640E+04 960E+04 5.50E+<l4 3.14E+<l5 2.90E+<l4 8.30E+<l4 -100E+<l0 8.06E+<l4 3.51E+<l5
5 858E+05 760E+04 880E+<l4 5.1OE+<l4 115E+<l5 830E+<l4 -100E+<l0 191E+<l4 2.14E+<l5
6 175E+05 9.06E+05 134E+<l5 790E+<l4 240E+<l4 267E+<l5 -100E+OO 8.50E+<l3 147E+<l4
7 310E+05 156E+05 2.49E+<l5 560E+<l4 2.ooE+<l4 2.70E+<l4 -100E+OO 5.5OE+<l3 7.23E+<l3
8 342E+05 1.77E+05 7.00E+<l4 3.45E+<l5 120E+<l4 7.40E+<l4 -100E+<l0 -lOOE+<lO 2.81E+<l3
9 530E+04 970E+04 490E+<l4 2.90E+<l4 570E+<l4 7.10E+<l4 -100E+<l0 -100E+<l0 -1.00E+<l0

N
10 180E+04 420E+04 460E+<l4 7.1OE+<l4 3.ooE+<l3 226E+<l5 -100E+<l0 -1.00E+OO -1.ooE+OO

"'"
11 -100E+OO 1.10E+04 2.30E+04 6.00E+03 9.ooE+03 790E+04 -100E+OO -100E+OO -1.ooE+OO

N
INDEX: 2 trom 1986 to 1996

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996

1 234E+06 -100E+OO 7.74E+06 -lOOE+OO -looE+OO -lOOE+<lO ·100E+OO ·l.ooE+OO -looE+OO 2.28E+05 2.95E+05
2 402E+06 -100E+OO 2.68E+06 -100E+OO -lOOE+OO -100E+<l0 -100E+OO ·lOOE+OO ·looE+OO 2.37E+05 1.15E+06
3 154E+06 -100E+OO 162E+06 -1.00E+OO ·lOOE+OO ·100E+OO -100E+OO ·1.00E+OO ·1.ooE+OO 2.11E+06 9.34E+05
4 5.18E+05 -l00E+OO 145E+06 -100E+OO ·1.ooE+OO -lOOE+OO -100E+OO -1.ooE+OO ·1.ooE+OO 2.95E+06 2.21E+06
5 471E+05 -l00E+OO 8.04E+05 -1.00E+OO -lOOE+OO -l.ooE+OO -100E+<l0 ·100E+OO -looE+OO 7.30E+05 3.04E+05
6 2.13E+04 ·100E+OO 425E+05 ·100E+OO -1.ooE+OO ·100E+OO -100E+<lO -IOOE+OO ·lOOE+<lO 128E+05 4.65E+03

FISHING MORTALITY
1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995

0 00431 0.0889 0.0812 0.054 0.0644 0.1132 0.0087 00568 0.0149 0.0494 0.0673 0.0713 0.0843 0.0854 0.1095 0.0845 0.0703 0.0968 0.0949 0.1172
1 03196 0.4303 0.3943 02269 0.272 0.2359 0.1341 0.1185 0.288 0.1063 0.1318 0.1397 0.1651 0.1673 0.2146 0.1655 0.1378 0.1897 0.1859 0.2296
2 0.4714 0.3108 0.3324 03474 0.4574 0.466 0.439 0.2445 0.1609 0.4001 0.25 0.2649 0.3131 0.3172 0.4069 0.3139 0.2613 0.3597 0.3525 0.4354
3 01739 0.0676 0.1625 0.2935 0.2619 0.4287 04111 0.3992 0.254 0.2683 0.3796 0.4023 0.4755 0.4817 0.6179 0.4766 0.3968 0.5461 0.5353 0.6611
4 00858 0.0234 0.1189 0.1782 0.1916 0.2421 0.4953 0.3931 0.2929 0.273 0.4324 0.4582 0.5415 0.5486 0.7038 0.5428 0.452 0622 0.6096 0.753
5 00205 0.0053 0.0618 0.1376 0.0709 0.2147 0.2978 0.4418 0.4549 0.379 0.4578 0.4851 05733 0.5808 0.7451 0.5747 0.4785 06586 0.6455 0.7972
6 00063 0.0024 0.0401 0.0831 0.0686 0.1799 0.5405 0.7139 0.9969 06121 0.541 0.5733 0.6776 0.6864 0.8806 0.6792 0.5655 0.7783 0.7628 0.9421
7 00026 0.0029 0.0034 0.0036 0.0034 0.0033 0.0036 0.0079 0.0107 0.0213 0.199 0.2109 0.2492 0.2525 0.3239 0.2498 0.208 0.2863 0.2806 0.3465
8 0.004 0.0037 0.0041 0.0047 0.005 0.0047 0.0046 0.0051 0.0111 0.0151 0.0222 0.0236 0.0279 0.0282 0.0362 0.0279 0.0232 0.032 0.0314 0.0367
9 00051 0.0056 0.0052 0.0057 0.0066 0.007 0.0066 0.0065 0.0071 0.0187 0.0274 0.029 0.0343 0.0348 0.0446 0.0344 0.0286 0.0394 0.0366 0.0477

10 00075 0.0071 0.0078 0.0072 0.008 0.0092 0.0099 0.0092 0.0109 0.01 0.0125 0.0132 0.0157 0.0159 0.0203 0.0157 0.0131 0.018 0.0176 0.0218
11 0.0075 0.0071 0.0078 0.0072 0.008 0.0092 0.0099 0.0092 0.0109 0.01 0.0125 0.0132 0.0157 0.0159 0.0203 0.0157 0.0131 0.018 0.0176 0.0218
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Table 8.24 (cont'd)

NUMBERS AT AGE (Mi~ons)

1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996

0 11667 11623 12825 14347 15813 11163 8124 22537 8637 6278 5189 10516 5402 5187 4940 12967 7508 1283 1581 437 4258
1 7959 8034 7646 8501 9772 10659 7166 5790 15308 6117 4296 3488 7040 3570 3424 3183 8567 5031 837 1034 279
2 4397 4157 3756 3706 4871 5352 6053 4505 3697 8251 3954 2707 2180 4291 2171 1986 1939 5366 2992 500 591
3 1844 1973 2190 1937 1882 2217 2415 2805 2536 2263 3976 2214 1493 1146 2246 1039 1043 1074 2693 1512 233
4 1011 1114 1326 1338 1038 1041 1038 1151 1353 1414 1244 1955 1064 667 509 871 464 504 447 1133 561
5 692 667 783 846 805 616 588 455 558 726 774 580 869 445 277 181 364 212 195 175 384
6 559 488 477 529 530 539 357 314 21O 255 357 352 257 360 179 95 73 162 79 73 57
7 445 400 350 329 350 356 324 150 110 56 99 149 143 94 130 53 34 30 53 26 21
8 295 319 286 251 236 251 255 232 107 79 39 59 87 80 52 68 30 20 16 29 13
9 231 211 228 205 179 169 179 183 166 76 56 28 41 61 56 36 47 21 14 11 20

10 157 165 151 163 147 128 121 128 130 118 54 39 19 29 42 38 25 33 15 1O 8
11 ° 112 198 249 294 314 315 310 312 315 308 257 210 162 135 125 116 100 94 77 61

STOCK SUMMARY

Year Recruits Total B Spawn B Landings Y1d1SSB Ret, F
.10'6 toMeS tonnes tomes Fbar 2-5

1976 11667 639407 515600 141690 0,2748 0,1879
1977 11623 645770 528731 125750 0,2378 0,1018
1978 12825 657379 537870 139990 0,2603 0,1689
1979 14347 663366 536372 153441 0,2861 02392
1980 15813 702715 558018 191682 0,3435 02454
1981 11163 740370 577984 214133 0,3705 03379
1982 8124 706419 558245 204504 0,3663 04108
1983 22537 624738 503641 181139 0,3597 0,3696
1984 8637 718163 546432 202686 0,3709 0,2907
1985 6278 740787 591516 204107 0,3451 0,3301
1986 5189 626695 507173 180606 0,3561 0,3799

t-.> 1987 10516 508064 409013 168825 0.4128 0.4027
~ 1988 5402 458591 349751 158540 0,4533 0,4759
~

1989 5187 415407 280642 137126 0.4886 0,4821
1990 4940 351232 241955 139157 0,5751 06185
1991 12967 302944 232694 127756 0,549 0,477
1992 7508 437651 329551 126054 0,3825 0,3972
1993 1283 493572 345169 138795 0.4021 0,5466
1994 1581 341366 261151 132800 0,5085 05357
1995 437 265085 200170 121384 0,6064 0,6617

PARAMETER ESTIMATES +1. SO

5eparable Model: Referenee F by year
I 1986 0,25 0,2117 02953
2 1987 0,2649 0,2263 0,3102
3 1988 0,3131 02693 0,3641
4 1989 0,3172 0,2734 0,366
5 1990 0.4069 0,3512 0,4716
6 1991 0,3139 0,2665 0,3669
7 1992 0,2613 0,2236 0,3054
8 1993 0,3597 0,3083 0.4196
9 1994 0,3525 0,2972 0.4181

10 1995 0.4354 0,3523 0,538
Separable Model: 5eIec1Ion (5) by age

11 0 0,2691 0,2273 0,3186
12 1 0,5273 0,4602 0,6043

2 I Flxed: Reference Age
13 3 1.5185 1.3288 1.7353
14 4 1.7294 1.482 2,0181
15 5 1,8311 1.4422 2,3248
16 6 2,164 1,3667 3.4264
17 7 0,7959 0,2691 2,3539
18 8 0.0889 0,026 0,3038
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Table 8.24 (cont'd)

19 0.1096 0.0318 0.3782
10 0.05 Fixed: last TRUE 090

Soporoblo Model: PopUations in yeor 1995
20 0 436581 296740 642324
21 1 1033837 803508 1330191
22 2 499834 405231 616522
23 3 1511996 1247861 1832041
24 4 1133376 925451 1368017
25 5 174674 135838 224615
26 6 73394 50063 107597
27 7 26471 12600 55809
28 8 29047 11740 71863
29 9 11254 4674 27097
30 10 9695 3829 24544

Soporablo Model: Populations 01 090 10
31 1986 53556.283 29786102 962957.64
32 1987 38913.192 4405.7894 343692.43
33 1988 19266.72 5591.0601 66392.863
34 1989 28538.407 9550.4338 85277.871
35 1990 42252.842 16927.929 105464.92
36 1991 38411.2 15427.611 95635.042
37 1992 25229.891 9984.4358 63753.968
38 1993 33112.615 12594251 87059.186
39 1994 14508.173 5311.1584 39631.104

Age-structured index catchabl~ties

Age-S1nJctured Index 1

Lineor model fined. Siopes 01 090·
40 10 2.59E-02 182E-02 370E-02
41 20 589E-02 4.14E-02 840E-02
42 30 1.23E-Ol 8.62E-02 1.77E-Ol

N 43 40 1.85E-Ol 1.27E-Ol 2.70E-Ol
c..> 44 50 4.26E-Ol 2.78E-Ol 6.53E-Ol
~ 45 60 8.29E-Ol 4.63E-Ol 149E<OO

46 70 1.02E+OO 4.40E-Ol 2.35E<OO
47 80 1.68E+<l0 6.43E-Ol 439E<OO
48 90 1.49E+OO 5.57E-Ol 4OOE<OO
49 100 1.27E+OO 4.67E-Ol 3.43E<OO
50 110 1.42E-Ol 730E-02 2.75E-Ol

Age-S1IUct\.<ed Index 2

Lineor modeI fiUed. Siopes ologe:
51 10 7.11E-Ol 4.82E-Ol 1.05E+<J0
52 20 1.27E+OO 8.66E-Ol 1.85E+<J0
53 30 1.60E+OO 1.09E+OO 2.35E+<J0
54 40 2.04E+OO 1.37E+OO 3.06E+<JO
55 50 1.55E+OO 9.79E-Ol 2.44E+<J0
58 60 4.76E-Ol 2.57E-Ol 8.79E-Ol

RESIDUALS ABOUT THE MODEL FIT

Separable Model Residuals
(Iog(Observed CatchHog(Expected Catch)
ood welgrts (W) used in 1he onalysis.

AfJe 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
0 -1.91E-Ol 8.19E-Ol 1.64E-Ol -3.95E-Ol -6.26E-Ol 5.63E-Ol 1.19E-Ol -1.38E-Ol -9.73E-03 -2.85E-Ol 5.00E-Ol
1 4.37E-Ol 2.75E-Ol 6.56E-02 8.46E-02 -8.15E-03 9.32E-02 4.36E-02 -2.81E-Ol -6.90E-Ol 2.29E-02 1.00E+<JO
2 2.74E-Ol l.29E-Ol 4.17E-02 ·1.13E-Ol -2.48E-01 -1.29E-Ol 1.00E-Ol -2.83E-Ol ·3.72E-Ol 5.85E-Ol 1.00E<OO
3 -1.80E-Ol -1.94E-Ol -1.30E-Ol 7.66E-03 -2.77E-Ol 1.12E-Ol 7.45E-02 2.51E-Ol 9.34E-02 2.30E-Ol 1.00E<OO
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Table 8.24 (cont'd)

4 -l56E-Ol -1.74E-Ol -Z.39E-01 -1.Z5E-Ol Z.08E-Ol -Z.08E-01 1.85E-Ol 1.91E-Ol 3.90E-Ol -1.69E-Ol 1.00E+OO
5 -2.34E-Ol -Z.70E-01 -1.43E-Ol 1.54E-Ol 1.15E-Ol 503E-OZ -9.99E-OZ Z.24E-Ol Z.88E-Ol -Z.ZOE-Ol I.00E+OO
6 25ZE-Ol 2.46E-Ol 5.44E-01 1.64E-Ol 1.Z9E-Ol -4.42E-Ol -3.65E-Ol -1.44E-Ol -4.57E-02 -2.99E-Ol I.00E+OO
7 -2.73E+OO -3.19E+OO -3.30E+OO 1.Z2E+OO 1.52E+OO 2.08E+OO Z.40E+OO 2.10E+OO 1.16E+OO 169E+OO 1.00E-02
8 4.90E-Ol ·1.50E-Ol -7.12E-Ol -6.40E-Ol -462E-Ol -4.64E-Ol 536E-Ol 6.16E-Ol 8.55E-Ol 6.11E-OZ I.00E-OZ
9 -248E-Ol 3.96E-Ol -1.67E-Ol -5.73E-Ol -7.32E-Ol -464E-OZ ·1.32E-Ol 3.68E-Ol 7.92E-Ol 804E-Ol I.00E-02

10 5.68E-Ol 8.29E-Ol 1.37E+OO 9.61E-Ol 3.Z1E-Ol 6.74E-Ol 1.28E+OO 6.87E-Ol 1.53E+OO 1.73E+OO l00E-OZ

WIs 100E+OO I.00E+OO 1.ODE+OO 1.ODE+OO 1.ODE+OO 1.00E+OO 1.ODE+OO I.ODE+OO lODE+OO 1.ODE+OO

Aged Index ResIduals: Iog(Observed Index}-log(Expecled Index)

Agedlndex 1

Age 1988 1989 1990 1991 199Z 1993 1994 1995 1996
1 335E-Ol -925E-02 -935E-02 -1.05E+OO -1.98E-Ol T69E-Ol -1.ODE+OO -2.19E-Ol 5.48E-01
Z -526E-Ol 3.72E-Ol -6.13E-Ol 4.35E-Ol -2.11E-Ol 2.Z4E-Ol -1.00E+OO -3.46E-Ol 6.65E-01
3 -707E-Ol -5.28E-Ol 263E-Ol Z.16E-Ol -2.05E-Ol -l.llE-Ol -100E+OO -3.63E-Ol 1.44E+OO
4 -8.72E-Ol 2.57E-03 -2.39E-Ol 9.20E-Ol -8.59E-Ol 1.58E-Ol -1.00E+OO -6.43E-Ol 1.53E+OO
5 1.08E+OO -6.50E-Ol 1.83E-02 -1.51E-Ol -6.31E-02 2.02E-Ol -1.00E+OO -1.03E+OO 5.96E-01
6 957E-OZ 140E+OO 2.48E-Ol 3.ODE-Ol -6.69E-Ol 101E+OO -1.00E+OO -1.60E+OO -7.89E-01
7 927E-Ol 6.60E-Ol 8.20E-01 1.99E-Ol -4.06E-01 590E-OZ -l.ODE+OO -139E+OO -8.67E-01
8 9.53E-Ol 3.79E-Ol -1.23E-01 1.21E+OO ·1.33E+OO 887E-Ol -1.00E+OO -1.ODE+OO -1.98E+OO
9 -4.04E-OZ 1.71E-Ol -4.23E-Ol -5.20E-Ol -1.12E-01 925E-Ol -1.00E+OO -1.00E+OO -1.00E+OO

10 -203E-Ol Z.51E-Ol -4.87E-02 479E-Ol -2.27E+OO 1.79E+OO -1.00E+OO -1.00E+OO -1.00E+OO
11 -lODE+OO -6.37E-Ol 2.86E-Ol -981E-Ol -499E-01 1.82E+OO ·100E+OO -l.ODE+OO -1.00E+OO

Aged Index 2

N Age 1986 1987 1988 1989 1990 1991 199Z 1993 1994 1995 1996I,,)
VI 1 -131E-Ol -1.00E+OO 5.80E-Ol -lODE+OO -l.ODE+OO -1.00E+OO -1.00E+OO -1.00E+OO -1.00E+OO -1.01E+OO 5.57E-Ol

Z -5.1OE-OZ -1.00E+OO 1.57E-Ol -1.00E+OO -1.00E+OO -1.00E+OO -1.00E+OO -1.ODE+OO -1.00E+OO ·761E-Ol 6.54E-Ol
3 -121E+OO -1.ODE+OO -1.55E-Ol -l.ODE+OO -1.ODE+OO -l.ODE+OO -l.ODE+OO -l.ODE+OO -1.00E+OO 1.53E-Ol 1.21E+OO
4 -137E+OO -1.ODE+OO -1.55E-Ol -l.ODE+OO ·l.ODE+OO -1.ODE+OO ·l.ODE+OO -1.ODE+OO -l.ODE+OO 5.55E-Ol 9.71E-01
5 -7.05E-Ol -1.ODE+OO -Z.74E-Ol ·l.ODE+OO .1.ODE+OO ·l.ODE+OO -l.ODE+OO ·1.ODE+OO ·l.ODE+OO 1.32E+OO -3.42E-Ol
6 -182E+OO -1.00E+OO 1.54E+OO -1.ODE+OO -1.00E+OO ·1.00E+OO -l.ODE+OO ·l.ODE+OO ·1.00E+OO 1.67E+OO -1.39E+OO

PARAMETERS OF THE DISTRIBUTION OF In CATCHES AT AGE

Seporable model fitted trom 1986 10 1995
Vonanee . 1.0138
Sl<ewness lest stabsbc: -2.0216
K1ltosis lest stainc: 10.6022
Por1io' chi square: 8.7014
Probobiity 01 cti square: 1
Degrees of Ireedom: 71
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Table 8.24 (cont'd)

PARAMETERS OF THE DISTRIBUTION OF THE AGE-STRUCTURED INDICES

DISTRIBUTION STAT1STICS FOR nAGED INDEX 1

Unear catchabiity relationship assurne<!.

Age: 1 2 3 4 5 6 7 8 9 10 11
Variance: 0.3159 02337 0.4489 0.7404 04398 09682 0695 1.5004 0.2698 1.7317 1.253
Skewness test stat., -05159 00195 1.4256 0.774 0.0612 -0.1931 -054 -0.7084 0.9039 -05582 0.8592
Kurtosis test 5tat: -0.1527 -0.8916 04226 -0.4414 -0.3649 -0.5186 -0.6137 -0.5914 -0.118 -00367 -0.2672
Parlial chi square: 0.2029 01472 0.2981 04526 0.2627 06047 04607 0.8534 0.1284 08341 0.5248
Prob.ofchi of 1 1 09999 09996 0.9999 0.999 09996 09906 0.9997 0.9748 0971
Number of data· 8 8 8 8 8 8 8 7 6 6 5
Degrees 01 freedom: 7 7 7 7 7 7 7 6 5 5 4
Weight in the analysis' 0.0909 0.0909 0.0909 0.0909 0.0909 0.0909 0.0909 00909 00909 00909 0.0909

DISTRIBUTION STAT1STICS FOR nAGED INDEX 2

Unear calchabiity relationship assumed.

Age: 1 2 3 4 5 6
Variance: 05589 0.3448 09897 1.0518 0.8114 34689
Skewness test 5ta1.: -0.4913 -0.2428 00023 -04354 08149 -00201
Kurlosis lest stat: -0.5071 -04327 -04339 -04836 -0.312 -0.8004
Parlial chi square' 0.1249 0.0781 0.2143 0.2217 0.1938 0.9615
Prob.ofchi of 09887 0.9943 09752 0974 0.9786 08106
Number of data· 4 4 4 4 4 4
Degrees of freedom: 3 3 3 3 3 3
Weighl in lhe analysis. 0.1667 01667 0.1667 0.1667 0.1667 0.1667
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Table 8.25

The SAS System
Sardine in the Southern Area (Fishing Areas VIIIc and IXa)

Prediction with management option table: Input data

Year: 1996

Stock Natural Maturity Prop.of F Prop.of M \Jei ght Exploit. \Jeight
Age size mortality ogive bef.spaw. bef.spaw. in stock pattern in catch

0 4258.000 0.3300 0.0000 0.2500 0.2500 0.000 0.1172 0.025
1 279.000 0.3300 0.7300 0.2500 0.2500 0.029 0.2296 0.047
2 591.000 0.3300 0.9800 0.2500 0.2500 0.050 0.4354 0.059
3 233.000 0.3300 0.9700 0.2500 0.2500 0.062 0.6611 0.066
4 561.000 0.3300 0.9900 0.2500 0.2500 0.072 0.7530 0.066
5 384.000 0.3300 1.0000 0.2500 0.2500 0.079 0.7972 0.071
6+ 180.000 0.3300 1.0000 0.2500 0.2500 0.087 0.9421 0.087

Unit Mill ions - - - . Kilograms - Ki lograms

Year: 1997

Recruit- Natural Maturity Prop.of F Prop.of M \Jeight Exploit. \Jeight
Age ment mortal ity ogive bef.spaw. bef.spaw. in stock pattern in catch

0 2827.000 0.3300 0.0000 0.2500 0.2500 0.000 0.1172 0.025
1 · 0.3300 0.7300 0.2500 0.2500 0.029 0.2296 0.047
2 · 0.3300 0.9800 0.2500 0.2500 0.050 0.4354 0.059
3 · 0.3300 0.9700 0.2500 0.2500 0.062 0.6611 0.066
4 · 0.3300 0.9900 0.2500 0.2500 0.072 0.7530 0.066
5 · 0.3300 1.0000 0.2500 0.2500 0.079 0.7972 0.071
6+ · 0.3300 1.0000 0.2500 0.2500 0.087 0.9421 0.087

Unit Mi II ions - . - - Ki lograms . Kilograms

Year: 1998

Recruit- Natural Maturity Prop.of F Prop.of M \Jeight Exploit. \Jeight
Age ment mortality ogive bef.spaw. bef.spaw. in stock pattern in catch

0 1340.000 0.3300 0.0000 0.2500 0.2500 0.000 0.1172 0.025
1 0.3300 0.7300 0.2500 0.2500 0.029 0.2296 0.047
2 0.3300 0.9800 0.2500 0.2500 0.050 0.4354 0.059
3 0.3300 0.9700 0.2500 0.2500 0.062 0.6611 0.066
4 0.3300 0.9900 0.2500 0.2500 0.072 0.7530 0.066
5 0.3300 1.0000 0.2500 0.2500 0.079 0.7972 0.071
6+ 0.3300 1.0000 0.2500 0.2500 0.087 0.9421 0.087

Unit Mill ions . - - . Kilograms . Kilograms

Notes: Run name MANPCL01
Date and time: 20AUG96:12:47
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Table8.26

The SAS System
Sardine in the Southern Area (Fishing Areas Vllic and IXa)

Prediction with management option table

12:46 Tuesday, August 20, 1996

Year: 1996 Year: 1997 Year: 1998

F Reference Stock Sp.stock Catch in F Reference Stock Sp.stock Catch in Stock Sp.stock
Factor F biomass biomass weight Factor F biomass biomass weight biomass biomass

1.0000 0.6617 138411 104725 67834 0.0000 0.0000 140353 108934 0 205n8 172700

· · · · · 0.1000 0.0662 · 107599 6912 199415 165055

· · · · 0.2000 0.1323 · 106286 13503 193365 157893

· · · · 0.3000 0.1985 · 104995 19792 187606 151175

· · · · 0.4000 0.2647 · 103724 25800 182121 144866

· · · · · 0.5000 0.3308 · 102473 31543 176892 138933

· · · · 0.6000 0.3970 · 101243 37039 171902 133347

· · · · · 0.7000 0.4632 · 100032 42302 167136 128081

· · · · · 0.8000 0.5293 · 98841 47346 162580 123111

· · · · 0.9000 0.5955 · 97668 52185 158220 118415

· · · · 1.0000 0.6617 · 96514 56831 154046 113972

· · · · 1.1000 0.7278 · 95378 61296 150046 109764

· · · · 1.2000 0.7940 · 94260 65589 146209 105n4

· · · · 1.3000 0.8602 · 93160 69720 142526 101987

· · · · · 1.4000 0.9263 920n 73699 138987 98388

· · · · 1.5000 0.9925 · 91010 n534 135585 94966

· · · · 1.6000 1.0587 · 89961 81234 132312 91707

· 1.7000 1.1248 · 88927 84804 129161 88602

· · · 1.8000 1. 1910 · 87910 88252 126124 85640

· · 1.9000 1. 2572 · 86908 91585 123196 82812

· · · 2.0000 1.3234 · 85922 94808 120370 80110

- - Tonnes Tonnes Tonnes . - Tonnes Tonnes Tonnes Tonnes Tonnes

Notes: Run name
Date and time
Computation of ref. F
Basis for 1996

MANPCL01
20AUG96:12:47
Simple mean, age 2 • 5
F factors
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Table8.27

The SAS System
Sardine in the Southern Area (Fishing Areas Vllic and IXa)

Yield per recruit: Summary table

14:28 Tuesday, August 20, 1996

••

•

1 January Spawning time

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

0.0000 0.0000 0 0 10057768 414712 6613733 394839 6090001 363573
0.0500 0.0331 168400 10942 9552505 374733 6113913 355091 5589436 324265
0.1000 0.0662 304466 19338 9144980 343065 5711721 323648 5186707 293244
0.1500 0.0993 417573 25975 8806809 317261 5378777 298063 4853413 268061
0.2000 0.1323 513718 31350 8519840 295757 5096933 276770 4571386 247156
0.2500 0.1654 596925 35790 8271900 277506 4854021 258726 4328441 229483
0.3000 0.1985 669998 39519 8054503 261781 4641559 243202 4116080 214316
0.3500 0.2316 734957 42696 7861542 248060 4453443 229678 3928187 201134
0.4000 0.2647 793299 45435 7688498 235959 4285158 217768 3760236 189554
0.4500 0.2978 846154 47822 7531952 225187 4133288 207182 3608800 179288
0.5000 0.3308 894399 49921 7389259 215521 3995191 197699 3471230 170112
0.5500 0.3639 938722 51780 7258343 206787 3868794 189143 3345444 161853
0.6000 0.3970 979673 53440 7137544 198846 3752440 181375 3229779 154372
0.6500 0.4301 1017698 54929 7025518 191585 3644787 174285 3122887 147560
0.7000 0.4632 1053161 56274 6921163 184914 3544738 167780 3023664 141326
0.7500 0.4963 1086367 57492 6823568 178758 3451380 161786 2931194 135595
0.8000 0.5293 1117568 58602 6731967 173054 3363954 156241 2844713 130305
0.8500 0.5624 1146980 59615 6645716 167750 3281815 151093 2763572 125405
0.9000 0.5955 1174786 60544 6564265 162801 3204416 146296 2687221 120850
0.9500 0.6286 1201140 61397 6487143 158170 3131288 141814 2615187 116604
1.0000 0.6617 1226180 62184 6413942 153823 3062026 137614 2547061 112634
1.0500 0.6948 1250024 62910 6344309 149733 2996277 133668 2482490 108912
1.1000 0.7278 1272773 63583 6277936 145876 2933734 129952 2421163 105416
1.1500 0.7609 1294519 64206 6214549 142230 2874128 126444 2362808 102124
1.2000 0.7940 1315342 64784 6153909 138777 2817219 123127 2307184 99017
1.2500 0.8271 1335312 65322 6095803 135499 2762796 119983 2254078 96079
1.3000 0.8602 1354494 65823 6040043 132384 2710671 116998 2203300 93298
1.3500 0.8933 1372943 66289 5986457 129417 2660677 114160 2154679 90658
1.4000 0.9263 1390710 66725 5934895 126588 2612662 111457 2108064 88150
1.4500 0.9594 1407842 67131 5885219 123885 2566490 108879 2063317 85764
1.5000 0.9925 1424380 67511 5837305 121300 2522039 106417 2020313 83490
1.5500 1.0256 1440361 67867 5791041 118824 2479197 104061 1978942 81320
1.6000 1.0587 1455819 68199 5746325 116450 2437864 101806 1939099 79247
1.6500 1.0918 1470786 68510 5703065 114171 2397947 99644 1900692 77264
1.7000 I 1.1248 1485290 68802 5661174 111981 2359364 97568 1863636 75366
1.7500 1.1579 1499358 69075 5620575 109874 2322036 95574 1827853 73546
1.8000 1.1910 1513012 69332 5581198 107845 2285893 93657 1793271 71800
1.8500 1.2241 1526276 69572 5542975 105889 2250871 91811 1759824 70123
1.9000 1.2572 1539170 69797 5505847 104002 2216910 90032 1727451 68511
1.9500 1.2903 1551713 70008 5469757 102180 2183953 88317 1696097 66961
2.0000 1.3234 1563921 70207 5434654 100419 2151951 86662 1665709 65468

- - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Notes: Run name
Date and time
Computation of ref.
F-0.1 factor
F-max factor
F-0.1 reference F
F-max reference F
Recruitment

YLDPCL01
20AUG96:14:51

F Simple mean, age 2 - 5
0.7078
Not found
0.4683
Not found
2827 (Millions)
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Figure 8.1 Totallandings ot sardine in Divisions Vlllc and IXa trom 1940-1995.
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Figure 8.2 Landings of sardine in Divisions Vllic and IXa by country during 1940-1994.
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Figure 8.3 Annual Spanish landings by ICES Division.
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Figure 8.4 Relative abundance in number (%) by age group and area of sardine during the
Portuguese February-March survey.
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Figure 8.5 February-March Portuguese acoustic survey: survey track, sardine
distribution area and coast zones used for abundance estimation purposes. Estimated
biomass for each zone ('000 tonnes) is shown between brackets.
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9 ANCHOVY-GENERAL

9.1 Unit Stocks

The Working Group reviewed the basis for the discriminationofthe stocks in Sub-area VIII and Division IXa. No
detailed study has been made to discriminate subpopulations along the whole European Atlantic distribution of the
anchovy. Morphological studies have shown large variability among sampIes of anchovies coming from different
areas from the Central part ofthe Bay of Biscay to the West of Galicia (Prouzet and Metuzals, 1994, and Junquera
1993). These authors explain that the variability is reflecting the different environments that surrounds the
development of larvae and juveniles at several recruitment zones in the studied areas, and suggest that the
population may be structured by some sub-populations or groups with a certain degree of reproductive isolation.
Several considerations like the wcll dcfined spawning arcas of the anchovy at the Southeast corner of the Bay of
Biscay (Motos ct al., 1996), and the complementary seasonality of the fisheries along the coasts of the Bay of
Biscay (showing a general migration pattern) (Prouzet et al. 1991 and 1994), makes the Working Group to consider
that the anchovy in this area has to be dealt for assessment purposes as a single management unit.

·The connections between the population ofthe anchovy in the Bay ofBiscay and anchovies from other areas, either
to the North or to the South is not c1ear. Junquera(1993) suggestcdthat the anchovy in the Central and western part

· of Division Vlllc may be more c10sely rclatcd to the anchovy found off Western Galician coasts than with the
anchovy at the southcastcorner ofthe Bay ofBiscay (where the major fishery takes piace), but it is weil known that

·morphological studies are not sufficient to discriminate populations. The Working Group considers that for
·assessment and management purposes the anchovy population along the Atlantic Iberian coasts (Division IXa)
should be dealt with as management unit indcpcndent ofthat existing at the Bay of Biscay. A further increase ofthe
fisheries in these areas would allow a beUcr study ofthe dynamics ofthe anchovy in this area and its connection or
not with anchovies from other areas.

9.2 Distribution of the Anchovy Fisheries

Figures 9.1 a-d give the distribution ofthe fisheries directed ofanchovy in Sub-arca VIII and Division IXa for 1995.
In Sub-area VIII during thc first quarter, thc main fishery (predominantly French fleet) is located around the
Gironde estuary from 44°N up to 47°N. During the second quarter, the main landings (predominantlySpanish) were
caught offthe southern part ofthe Bay of Biscay (south of 45°N), mainly in the Sub-areas Vlllb and VIIIc. During
the second halfofthe year , the major fishery is located at the north ofthe Bay of Biscay (Division VIIIa,b) whereas
along the the Spanish coast just small quantities of catches are obtained by the Spanish flect, with some noticeable
catches in December at the west of Division VIIIc.

In Division IXa, in 1995 an increase in catches was observed. Unlike previous years the fishery was situated off
North Portugal and West ofGalicia. In the first quarter the landings were caught in the central part of Portugal and
in the Bay of Cadiz. In the second and third quartcr the fishery is located to the north of 40° N (Sub-divisions IXa
Ccntral-North and North) and in the fourth quarter the main landings come from Sub-division IXa Central North.
Table 9.1 shows the distribution of catches of anchovy by quarters in the period 1991-1995. We can see that the
distribution ofthe Sub-area VIII fishery is constant during this period, but the distribution ofcatches in Division IXa
in 1995 is differentfrom the 1991-1994 period. The total catches in the Division IXa have increasedsubstantiallyin
thc central and northem areas of the atlantic coasts (Sub-divisions IXa Central North and IXa North) and catches
from Sub-division IXa South have been sharply reduced. Since the anchovy tends to be caught as much as possible
by the fishermen due to its high price at market, in both cases thc changes in the landings will probably be reflecting
changes in the abundance ofthe anchovy resources in those areas (Pestana WO, 1996). In thc first halfof 1996, the
preliminary data from the fishery, indicates that catches in Sub-division IXa Central North and North have reduced
to similarlevels to those of the pcriod 1991-1994. Historically, catches to the West of the Iberian peninsula (from
Sub-divisions IXa Central and North) have showed episodic increases (Junquera, 1986 and Pestana WO 1996),
probably due to favourable environmentalconditions.

9.3 Length Compositions by Fleet and by Country

Tables 9.2a and b show the anchovy length distributions in 1995 in Sub-area VIII and in Division IXa by quarter
and Sub-divisions.

•
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Annuallength compositionsof landings ofthe Bay of ßiscay anchovy ( Sub-area VIII) are provided by France and
Spain and those from Division IXa, only by Spain. Portugal have not provided the 1995 length distributions of
landings in Division IXa.

The length distributions in Sub-area VIII is ploted in Figure 9.2. The modallength ofthe anchovies landed is about
15 cm. France presents some reduction in the size ofthe anchovies landed in the second quarter compared to the
first one. This is due to the fact that pelagic trawlers retired from the fishery and the French catches only correspond
to the purse seiners which fish small anchovy dose to the shore. On the other hand, the Spanish catches of the
second quarter are characterisedby bigger anchovies. This is due to the normal pattern of availabilityofanchovy to
the purse seine Spanish fishery according to size over the spring fishing season (Uriarte & r-.totos, 1993). For the
second halfofthe year, the fleets continued to catch medium size or big anchovies found in spring, except for some
Spanish catches from the fourth quarterthat are partly based on small anchovy (0 age group).

In Division IXa (Figure 9.3), the mean length and weight in the catch in Sub-division IXa south are smaller than
those registered in Sub-division IXa North. As in previous years, a large number of juveniles are captured
(individuals with a length of less than 10 cm) in Sub-division IXa South during the firt halfof the year. The mean
lenghts and weights registered in Sub-division IXa North during the second and third quarters are similar to those
registerd in Sub-area VIII (Tables 9.2 a and b). The mode for length composition of anchovy from the 1995
Portuguese autumn trawl surveys in Sub-division IXa Central North and Central South were 16 cm and 13.5 cm
respectivaly (Pestana, WD 1996). In general the data from the Portuguese bottom trawI surveys since 1990 suggest
that the anchovy along the Portuguesh coast, the more to the South the smaller iso

9.4 Anchovy Otolith Exchange

During 1996, 650 pairs of otoliths were exchanged between three readers from the two countries (France and
Spain). The results were presented in Villamor & Uriarte (WD, 1996). Two hundred otoliths were from leES
Division VIIIab, 250 were from ICES Division VIIIc and 200 were from ICES Sub-division Ixa North. The
comparison ofotolith readings ofthe three areas was carried out separately.

Taking into account the few ages read, due to the anchovy being a species with a short life-span, the average general
agreement between readers was unsatisfactory in Division VIIIab (71%) and VIlIc (80%). In Division IXa North
agreement was greater than in the other two areas (96%) owing to the sampIe ofotoliths consisting of specimens of
one single age. Agreement between readers varied between 59% and 88% for the Division VIIIab, between 77%
and 82% for Division VIlIc and between 94% and 97% for Sub-division IXa North.

The age bias plots of each reader againts the modal age show variability in the sampIes from Divisions VIIIab
(Figure 9.4) and VIlIc (Figure 9.6). The age bias plots for all readers combined show that bias increases with
age, and that those from age 2 tend to be underestimated in Division VIlIa,b (Figure 9.5) and that those of age 0
tend to be overestimated in Division VIlIc (Figure 9.7). In Sub-division IXa North the level ofbias is very low.

The rate of agreement between the two readers who estimate the largest proportion of the international catches
were higher than average (i.e. 80 % in VIlIc and 88 % in the VIlIab otolith sampIes). This implies that the bias
in the age composition of the international catches is lower than the one showed on average in the exchange
programme. Nevertheless, considering the importance ofage readings in assessment, to continue with exchange
programme are needed.
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Table 9.1 Catch (t) distribution of ANCHOVY fisheries by quarters and total in the period 1991-1995.

IV
0­
00

QUARTER 1 DIVISION IXa SUB-AREA VIII
Year IXa South! IXa CS ! lXa CN i IXa North VIIIc West !VIIIc Centra ! VIIIc East! VIIIb VIlla! VIIld

--.-i~-"-' ··--i·irr-·-·t·_····_-g·······+--·-·i~···-·-l-··-·-}··-- _-.:1~~L~·-·-t--~--&f--·t·---f5~:~--·I·---j~~-i--~~1--l·-----:-·----·.- -----..-_ _-_.•-_._--.t-.. ..·--·--··---·- ·i·-----·i-----.•·.---- _...;_._._ · _ ...; ____._!~!. ._..._..?§.? .L__.Q J. A__.....J. L ..._._..._..... Q_.._.__.t_... ~2... L._!§Q? L._.~1_~!.._. __L !.~_~.L__L ..:.. ..
1994 690 I 0 i 0 ! 0 0 I 5 I 62 I 4601 ! 786 ! 27'--im-" --iSS-or--t--l--iö3-o-r--1-2-_...··--O·-T-O····-r---3S--r-···_..·_·_·-23"SÖ ' _...__.-

QUARTER 2 DIVISION IXa SUB-AREA VIII
Year IXa South I IXa CS ! IXa CN i IXa North VIIIc West !VIIIc Centra! VIIIc East! VIIIb . VIlla . VIIId

QUARTER 3 DIVISION IXa SUB-AREA VIII
Year IXa South I IXa CS i IXa CN IXa North VIIlc West !VIIlc Centra ! VIIIc East I VIIlb VIlla VIIId

QUARTER 4 DIVISION IXa SUB-AREA VIII
Year IXa South! IXa CS ! IXa CN ! IXa North VIIlc West !VIIIc Centra I VIIIc East! VIIIb VIlla. VIIld

TOTAL DIVISION IXa SUB-AREA VIII
Year lXa South! IXa CS ! lXa CN ! lXa North VIlIc West !VIIlc Centra i VIIlc East! VIIIb ! VIlla ! VIIld

.. Not available
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Table 9.2a Length distribution ('000) of ANCHOVY in Divisions VIIIa,b,c and IXa by country, gear
quarters and Sub-divisions in 1995.

UARTER 1
SUB-AREAVIIl DIVISION IX.

FRANCE SPAIN SPAIN SPAIN SPAIN SPAIN POR11JGAL SPAIN
Lengtb Total Seine Seine Seine Seine SeiDe Total Sei.

lan) V111.b V1l1b VIII< East IIIe Ceotra VIII< West IX. Nortb IX.CCNS IXa 50utb
7 0 - 0 0 0 - · 0

7.5 0 - 0 0 0 - · 51
8 0 - 0 0 0 - · 51

8.5 0 0 0 0 - - 51
9 0 0 0 0 - - 255

905 9 · 0 0 0 - · 990
10 26 · 0 0 0 - · 939

10.5 450 · 0 0 0 - - 1257

11 1252 · 0 0 0 · 2526
11.5 3661 · 0 0 0 - · 3293

12 3589 - Q 0' 0 · · 287t ,
11.5 4133 · 0 0 Q · · 2144

13 7417 - 6 0 O· - - 1020.

13.! 8394 - 235 0 0 - - 674
14 10946 - 269 0 0 - - 314

14.5 9502 · 275 1 0 · · 31'
15 11216 - 355 1 0 - - 99

1S.5 17472 · 231 1 0 - - 5
16 14356 - 47 1 0 · - 0

16.5 7445 - 85 0 0 - · 0
17 4647 - 29 0 0 - · 0

17.5 2864 - 0 0 0 - - 0
18 765 · 0 0 0 - · 0

18.5 55 · 0 0 0 · - 0
19 22 - 0 0 0 · · 0

1905 0 · 0 0 0 - · 0
10 0 - 0 0 0 - · 0

10.5 0 - 0 0 0 · - 0
21 0 · 0 0 0 · · 0

21.5 0 · 0 0 0 · · 0
2Z 0 - 0 0 0 · · 0

TolaIN 108220 0 1532 4 0 · · 16577
C.tch (t) 2380 0 35 0.09 0.01 12 204 172

L ••• (em) 15.0 · 15.0 15.4 15.4 - · 11.8
W ••• I.) 21.6 - 22.9 23.5 23.5 - - 10.3

OUARTER2
SUB-AREA VIII DIVISION IXa

FRANCE SPAIN SPAIN SPAIN SPAIN SPAIN PORTUGAL SPAIN

Leactb Total Seine Seine Seine Seine Seine Tolal Seine
leml V111.b V1l1b V1l1e East IIIe Ceotra VIII< West IXa Nortb IXaCCNS lXa50utb

7 0 0 0 0 0 0 - 0

7.5 0 0 0 0 0 0 - 0
8 0 0 0 0 0 0 · 0

8.5 0 0 0 0 0 0 - 8
9 0 0 0 0 0 0 · 40

9.5 40 0 0 0 0 0 - 129

10 176 0 0 0 0 0 - 300

10.5 793 0 0 0 0 0 - 481

11 1783 0 0 0 0 0 - 743

11.5 2997 36 0 0 0 0 · 528

12 7455 117 49 0 0 0 · 567

11.5 7683 339 228 0 0 158 · 1234

13 20654 1557 2077 0 0 632 - 721
13.5 18126 3963 6722 34 22 1265 - 781
14 17332 10320 38127 170 108 7114 · 570

14.5 14956 13187 58145 271 171 11699 · 90

15 21760 19232 91237 268 169 12015 · 30

15,5 12778 16521 78223 251 159 8379 · 0

16 7881 12599 69566 249 158 6798 - 0
16.5 3379 11242 55524 152 96 1739 - 0
17 2m 10862 47388 81 51 790 - 0

17.5 655 9141 35371 11 7 0 - 0
18 101 4469 21867 1 0 158 · 0

18.5 53 2600 7252 0 0 0 · 0
19 35 734 2766 1 0 0 - 0

19.5 11 72 742 1 0 0 - 0

20 6 32 0 0 0 0 · 0

20.5 0 0 13 0 0 0 · 0
21 0 0 0 0 0 0 - 0

21.5 0 0 0 0 0 0 · 0

2Z 0 0 0 0 0 0 - 0

Total N 141431 117023 515296 1489 942 50747 · 6220
C.tcb (I) 2768 3385 14843 36 23 1233 1996 76

L··c(an) 14.3 15.9 16.0 15.5 15.5 15.2 - 12.4
W ••• I.I 18.8 28.9 28.8 24.2 24.2 24.3 · 12.3

- Not a.al1able
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Table '.2b Length distribution ('000) of ANCHOVY in Divisions Vllla,b,c and IXa by country. gear
quarters and Sub-divisions in 1995.

UARTER3

SUB-A~~VIII------rt--..Y!y!!!!Q~J_~---
FRANCE SPAIN SPAIN SPAIN SPAIN SPAIN PORTUGAL SPAIN

Leßllh Total Selae Seine Seine Sei_ Seine Total SeiDe
Icm) Vlllab Vlllb Vlllc EIst 11I< Contra VIII< Wost IXa Nortb IXa C CN S IXa Soutb

7 0 - 0 0 0 I 0 - 0

I
7.5 0 - 0 0 0 0 0

• 0 - 0 0 0 0 - 0
1.5 0 - 0 0 0 0 - 0
9 0 - 0 0 0 0 773 I

9.5 212 - 0 0 0 0 1160 I
10 99 - 0 0 0 0 - 3865

10.5 899 - 0 0 0 0 6184
11 773 - 0 0 0 0 3479

11.5 1322 - 0 0 0 0 - 2319
IZ 2136 - 0 0 0 73 - 773

1Z.5 469 - 0 0 0 546 - 0
13 1928 - 0 0 0 2386 - 0

13.5 3025 - 41 32 2 2083 - 0
14 6039 - 195 120 7 7738 - 0

14.5 12115 - 282 114 6 13992 0 :
15 15804 - 265 68 4 33894 - 0

15.5 20556 - 148 59 3 33442 - 0
16 23834 - 48 14 1 36929 · 0

16.5 21577 23 10 1 12485 - 0
17 11233 - 10 2 0 7503 · 0

17.5 4627 - 5 I 0 770 - 0
11 1670 9 9 1 76 - 0

11.5 1193 0 0 0 0 - 0
19 1431 - 0 0 0 0 · 0

19.5 716 - 0 0 0 0 0
20 239 - 0 0 0 0 - 0

20.5 239 - 0 0 0 0 - 0
21 239 - 0 0 0 0 - 0

21.5 0 - 0 0 0 0 - 0
22 0 0 0 0 0 0

Total N 132372 0 1027 428 24 151917 18552
Catcb (t) 3620 0 23 10 1 4043 1869 131

Lava (cm) 15.9 15.1 14.9 14.9 15.7 - 10.8
W.volo) 26.1 22.8 23.0 23.0 26.6 7.1

QUARTER 4
SUB-AREA VIII I DIVISION IXa

FRANCE SPAIN SPAIN SPAIN SPAIN I SPAIN PORTUGAL SPAIN
Leßllh Total Sei. SeiDe Seine Selae Seiae Total Seiae
Icm) Vlllab Vlllb Vlllc East IIIc Contr. VIII< Wost IX. Nortb IXaCCNS IX. Soutb

7 0 - 0 0 0 - 0
7.5 0 - 0 0 0 - 283
I 0 - 0 0 0 - 283

1.5 0 - 0 0 0 - 283
9 0 - 0 0 0 - - 1415

9.5 2 0 0 0 - - 5379
10 7 - 5 0 0 - - 4529

10.5 11 - 3 11 0 - - 4529
11 27 - 35 121 0 - - 849

11.5 53 32 330 0 - - 283
IZ 45 - 11 419 0 - - 0

12.5 303 · 25 187 763 - - 0
13 3644 50 22 2542 · - 0

13.5 5495 · 75 11 3050 - - 0
14 4701 - 47 143 3305 - 0

14.5 7714 - 48 620 1271 - 0
15 9122 - 131 2434 1543 - - 0

15.5 11900 - 61 1098 47 - 0
.6 13921 - 18 334 46S · - 0

16.5 10266 · 5 95 418 - - 0
17 7570 - 10 191 816 · 0

17.5 2679 - 3 48 1159 - - 0
U 787 · 3 48 756 - 0

11.5 t04 - 3 48 448 - 0
19 63 - 0 0 122 - 0

.9.5 643 - 3 48 18 - - 0
20 214 · 0 0 11 - - 0

20.5 21 0 0 0 - - 0
21 21 0 0 0 - - 0

21.5 0 · 0 0 0 - 0
22 0 - 0 0 0 - 0

Total N 79313 0 568 6208 16735 - · .7834
Catch (t) 2080 0 12 148 398 42 2987 116

Lava (cm) 15.7 14.3 14.9 14.9 - - 10.1
W av. (.1 25.4 - 20.3 23.8 23.8 - - 6.5

• Not Ivallable
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Figure 9.2 Length distributions ('000) of landings of Bay of Biscay ANCHOVY
in Divisions VIIIa.b and c by quarters in 1995.

275



E:\acfm\wgmhsa\Fig-9-3.xls

276



.--------------- --- --- -----------

ANCHOVY (Div. VIIIab ) SAMPLE

5

Age
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~

~ 0
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~ 0•
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~1
.. Age
-0 +""''-------+-----/------t-----I~---'~
~

~ 0

Figure 9.4 In above age bias plots average age +1- 2stdev
of each age reader is plotted against modal age.

Modal age f--0=--+---:---=:'c=-t-:-,,2=-=-t--::-3,=:-::-+--..;.4--t--=5=---j
Age recorded f----t-='..:..:"0:..::9-+-:':-:-07=-:9:-+-:::.;20'77-=-5+----+-:--1

2*stdev 0.57 0.90 '.06

54321

~

~5
1il
~4-+3
"Cl

~2

'"~1
'"~O +<:::=-------+-:----f-----/-------1'----LJ"&"'l-

< 0

Figure 9.5 In above age bias plot average age + 1- 2stdev of
all age readers is plotted against modal age.

277



ANCHOVY (Div. Vlllc) SAMPLE

5

Age

4321
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·' 10 ANCHOVY - SUß-AREA VIII

•

10.1 The Anchovy Fishery in 1995

10.1.1 Fleets, scheme offishing and regulation

Two fleets operate on anchovy in the Bay ofDiscay:

Spanish purse seine fleet: Operative mainly in the spring, when more than 80 % ofthe annual catches of Spain are
usually taken. This spring fishery operates at the south-eastern corner ofthe Bay of Discay in Divisions Vlllc and b.
Untill1995, the Spanish purse seiners were allowed to fish anchovy in Division Vlllb only during the spring season
and under a system of fishing licences (Anon. 1988), while Division VIIIa is closed to them for the whole year.
Since 1996 this fleet can fish anchovy all over the year in Sub-area VIII with the same system of fishing licences.

French Pelagic Trawlers: Operative in summer, autumn and winter. Until1992, it 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 Villa and b in the first semester and Villa, mainly, during the
second one. The VllIc area is prohibited to the French pelagic fleet.

There are also some Frech purse-seiners located in the Basque country and in the southern part of Brittany. They
fish mainly in the spring season in the VIIIb.

Since the 1980s, the TAC of30,000 t (33,000t in 1995) has been agreed but often exceeded or not reached. The
formula for allocation is 10% for France (3,300 t) and 90% for Spain (29,700 t). However, since 1992, a bilateral
agreement between France and Spain modi fies every year the allocation between the 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
midwaterpelagic activity for anchovy stop during the main Spanish fishery in spring (from 20 March to I June).

10.1.2 Landings in Sub-area VIII

Under these circumstances, total internationallandings in Sub-area VIII amounted to 29,798 tin 1995 (Table 10.1
and Figure 10.1), lower than the catch level of the previous years. The French catch fell from 16,993 in 1994 to
10,848 tin 1995 and the Spanish catch slightly increased from 17,554 tin 1994 to 18,950 tin 1995. As in previous
years, the main Spanish fishery took place in spring (96.4%) and the main French fishery in the second half ofthe
year (52.4%) (Table 10.2)(Figure 10.2).

No discards were observed in the Spanish fishery and the discards have not been recorded in the French fishery,
although the reported French landings includes the catches not sold at harbours.

During the first halfof 1996, total internationalcatches reached 18,758 t (preliminarydata).

10.1.3 Landings by divisions

In 1995, the Spanish and French fisheries were weil separated geographicallyand in time as in previous years. More
than 80% ofthe Spanish landings were caught in Division VIIIc, mainly in spring, while the French landings were
caught in Divisions VII lab, mainly in summer (Table 10.3).

10.1.4 Landings by EU categories

The distribution of Spanish and French landings by EU market category in Sub-area VlII by quarter for 1995 are
given in Table 1004. As usual, the main landed category is T2 (30-50 fish per kg) for both countries.

10.1.5 Effort and Catch per Unit Effort

The evolution ofthe fishing fleets during recent years is shown in Table 10.5 and Figure 10.3. The French midwater
trawlers involved in the anchovy fishery has increased continuously over these years. Nowadays, the number of
pelagic trawlers is roughly about half of the number of the Spanish purse seine boats, although the figures for the
French fleet in 1995 are still preliminar. Table 10.5 shows that, during the last 5 years, the number ofvessels in the
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French fleet in 1995 are still preliminar. Table 10.5 shows that, during the last 5 years, the number ofvessels in the
French pelagic fleet for anchovy has doubled and at the same time their catches have reached the same level ofthe
Spanish one. These general observations indicate a sharp increase of fishing effort on anchovy in the Bay of Biscay
since 1987, despite some decrease in the number of Spanish purse seiners. Although the pelagie trawlers are not
allowed to fish anchovy in Division VlIIe, they have opened new fishing periods (autumn and winter mainly) and a
new fishing ground in Division VlIIa, especiallysinee 1990 (Prouzetei al., 1994).

A rough evaluation of the Spanish and French efforts in terms of number of gears multiplied by the number of
months of activity showed in 1993 a comparable fishing power of around 430 vessel*months for the French fleet
and around 500 vessel*months for the Spanish fleet. This observation further indieates that effort developed by the
two eountries is nowadys similar although the fishing pattern is different. The current effort may be at the level
which existed in this fishery at the beginning ofthe seventies (Anon. 1996/Assess:2).

The epUE ofthe Spanish purse seiners during the spring fishery for anchovy is shown in Table 10.6. This index is
spatially Iinked with the anchovy abundance in the southem area of the Bay of Biseay and, less e1osely, to the
evolution of the biomass of the whole population in the Bay of ßiscay, as measured by the daily egg production
method (Uriarte and Villamor, WD 1993). The preliminary index for the first half of 1996 shows a epUE for the
total catch at a lower level than the one of 1995 (the highest ofthe series observed). However, the epUE ofthe 1­
year-old anchovy has increased compared to the indices estimated in the last three years.

10.2 Fishery-Independent Information

10.2.1 Egg sur"e;ys

Egg surveys to estimate the spawning stock biomass (SSB) of the Bay of Biseay anchovy through the Daily Egg
Production Method (DEPM) have been implemented from 1987 to 1994, with a gap in 1993. In the last hvo years,
1995 and 1996, new egg surveys have been made in the Bay ofBiscay, but due to insufficienteconomic support the
whoIe DEPM was not applied and only approximate biomass indexes have been obtained. The series of surveys
between 1987 and 1994 showed a positive relationship between spawning area and biomass (Motos & Uriarte 1994,
Motos el al. 1995) and, based on this, rough estimates of the spawning biomass of anchovy in the Bay of Biseay in
1995 and 1996 have been produeed from the reeent egg surveys (Motos ei al. WD 1996, Motos & Uriarte WD I996)
(Figure 10.4). In 1995 the spawningarea indicated that a biomass ofabout45,000 t should be in the surveyedarea,
whereas the preliminary result from the 1996 survey indicates a biomass about 40,000 t, although this value may be
an understimate beeause some ofthe positive spawning area was not fully eovered by the survey (Motos & Uriarte
op.cii.). These values are at an intermediate level compared with the whole series ofDEPl\1 results (Table 10.7).

•

The DEPM surveys are eonsidered to be unbiased and to produee absolute figures of biomass whenever the
methodology is fully applied. The composition of the population was derived for the surveys from 1987 to 1994,
based on the adult sampling performed during these surveys. However, in 1987 and 1988 the adult sampling did not
cover the whoIe spawning area ofanchovy and therefore some assumptions about the composition ofthe population
in the not sampled area were to be made. Because ofthis the age compositions for the DEPM surveys in 1987 and •
1988 are less reliable.

The surveys have shown that the major fraction of the populationn is always the one year old anchovies and
therefore the population is driven year after ye~r by the recruitmentat age I.

10.2.2 Acoustic surveys

The French acoustic surveys aimed at estimating the abundance of the Bay of ßiscay anchovy were stopped in
1992. The results ofthe surveys between 1983 and 1992 appear in Table 10.8. The figures for 1991 and 1992 were
revised and updated for a FAR programme on anchovy (Cendrero ed. 1994). In 1993, 1994 and 1995, only obser­
vations conceming the ecology of anchovy, especially located e10se to the Gironde estuary (one of the major
spawning areas for anchovy in the Bay of Biseay), were made.

According to the discussion made in 1993 (Anon. 1993/Assess:7) the acoustic values are considered to be relative
indexes ofabundance and the values of 1983 and 1984 seems to be underestimated.
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10.2.3 Comparison ofabundance indices

The general trend in the estimates of anchovy biomass from the acoustic and DEPM methods is comparable
between 1989 and 1992 although a large discrepancy was observed in 1991. Both methods however, indieate
similar trends in the variations ofthe population at age 1 (Figure 10.5).

10.3 Recruitment

The recruitment is the major factor driving the dynamies of this population. The estimation of the population at age
1 is therefore very important in order to come up with the variations in the population and the catches. Independent
estimates of the 1 year old anchovies recruiting the fishery has been provided by the DEPM and Acoustic surveys.
These estimates are the ones used to tune the assessment. This direct estimates of recruits age 1 can be compared in
Figure 10.5 vcrSllS other indices ofrecruits obtained from the fishery.

10.4 Catch in Numbers at Age

In 1995, the age distribution of the international catches of anchovy (in numbers) in the first semester consisted
mainly of l-year-old anchovies, making up 59% (Table 10.10). This percentage increases during the second halfof
the year. On annual basis, as in previous years, I year old anchovies support more heavily thc French catches than
the Spanish ones (70.8 % vs. 56 %, respectively). This is mainly due to the different seasonality of these two
fisheries. Aproximately 20% of the 1 year old anchovies caught were immatures prior to their first spawning in
May.

The catches of anchovy corresponding to the Spanish live bait fishery for tuna fishing for the period 1987-1995 are
given in Table 10.11. Live bait catches of anchovy are rather variable depending on the availability ofthe different
small pelagic species and not only on anchovy.

Table 10.12 records the age composition of the international catches since 1989, on a half-yearly basis. In 1995, 1­
year-old anchovies predominated in the catches during the two halves ofthe year. As in previous years, catches of
inmatures,O age group, appear during the second halfofthe year.

Table 10.13 contains the available historieal series of annual catches by age of Bay of Biscay anchovy. There are
some noticeable changes in the age composition of the period 1984-1995 compared with the earlier years which
could be related to a higher dependence ofcatches on recruitment in recent years and a change in the seasonality of
this fishery. However, some differences in the age - reading procedure mayaiso be behind the aparent change,
because age group I is rarely dominant in the landings prior to 1983. Arevision of the age composition of the
anchovy catches prior to 1983 has been done in the framework of a FAR program and the conelusions suggested
that, in some of those past years, different ageing criterias to the ones presently in use seems to have been used
(Uriarte 1993).

• 10.5 Mcan Wcight at Age

Mean weight at age are shown in Table 10.14. The French mean weights at age in the catches were based on bio­
logieal sampling from scientific survey and commercial catches. Spanish mean weights at age were caIculated from
routine biological sampling ofcommercial catches.

Large differences were observed between the mean weight of age groups caught by the Spanish and the French
fleets over the past year 1995. These differences can be explained by the different seasons and fishing grounds of
the two fleets. For instance, during the first semester 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 size anchovies elose to the coast, while the
Spanish purse seine boats fish bigger anchovies at offshore grounds. In the second half of the year, the French
landings were caught in Divisions VIlla and b, whereas the Spanish ones were mainly caught in VIIIc.

Annual mean weight at age in the fishery and in the stock are shown in Table 10. I5 and Table 10. I6 respectively.
The values for the fishery represent the weighted averages of the half year values per country, according to their
respective landed numhers 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 ct al. 1995).

.~ ./ " .
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10.6 Maturity at Age

As reported in previous years' reports, anchovies are fully mature as soon as they are 1 year old, at the following
spring after they were spawned. No differences in specific fecundity (number of eggs per gram of body weight)
have been found accordingto age (Motos 1994).

10.7 , Stock Assessment

10.7.1 Integrated Catch at age analysis

Tbe Integrated Catch at Age analysis (lCA package, Patterson WO 1995), 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 1995
(Patterson WO 1995). The assessment is similar to the one implemented in 1995 for the period 1987-1994 in this
WG. Inputs are summarised in Table 10. I7. CPVE data ofthe Spanish purse seine fishery, despite ofits reasonable
behaviour as indicator of abundance (see Section 10.3), was excluded from the analysis because it is presumed that
purse seiners can increase the catchability at low levels of abundance (Csirke, 1988, Pitcher 1995). Nevertheless,
some previous exploratoryruns indicated that the assessment was hardly sensitive to the inclusion ofthe CPVE into
the analysis. The assessment uses as tuning data the OEPM and the Acoustic figures (both, as biomass and
population numbers at age estimates). In 1995 the biomass used in the OEPM SSB tuning data is the one obtained
from the spawning area and biomass relationship (Figure 10.4, Motos & Vriarte WO 1996). The Acoustic and
OEPM estimates are considered as relative and absolute estimates respectively. The assessment assumes a constant
natural mortality of 1.2, around the average value estimated earlier at this working group (Anon., 1995/Assess:2). •
Tbe assessment starts in 1987 when the OEPM began to be applied. lIowever, the catch data of )'ears 1987 and
1988 is downweighted in the analysis because in those years French catches at age were estimated from the Spanish
ones (Anon.19891Assess: 19).Results ure presented in Tables 10.18,10.19, 10.20 and 10.21 and Figure 10.6.

The results show (as it happened in 1995) that the sum of squares curve has not a weil defined minimum when
plotted against fishing mortality in the last year of the analysis (Figure 10.6). The logvariance of the populations
estimates from the model versus the tunning indices seems reasonable, but the strong variations in abundance
suggested by the direct estimates are not followed by the model (Figures 10.6). The separable model shows rather
high logvariance regarding the observed catches at age (0.871) (Table 10.19 and 20), duc to high residuals both
across ages and years. The output levels of fishing mortality although about 10 % higher than those resulting from
the past year assessment show similar trends along the period, peacking in 1991 and dropping later on to the same
level as inferred for the 1987-1990 period (at a Fbarl-3 between 0.6 and 0.7). The Working Group considers that
this assessment reasonably shows the recent trends in population abundance and fishing mortalities acording to the
information available. From the output stock summary the only reference about the stock size has to be the
spawnirig biomass and not the total stock size because it includes the biomass ofthe age 0 group at the beginning of
every year (when it does not exist). The stock summary ofthis assessment is presented in Figure 10.7.

10.7.2 Production model

A biomass dynamic model (Roel & Cochrane WO 1996) was used to fit the OEPM data arid a ßayesian method
was applied to estimate key parameters. The biomass was modelIed by means of an adult component and a
recruitment component, the latter on the basis of the recruitment index described in Borja et al. (WO 1996). A
reasonable fit to the observed data was attained, although attention was drawn to a negative trend in the residuals
(Figure 10.8). The results were viewed as preliminary by the authors and sensitivity tests to alternative model
assumptions were suggested. However, this modelling exercise has provided an independent assessment of the
anchovy stock from the one obtained by means of ICA, that supports current perceptions about the dynamics and
status ofthe resource.

10.8 Recruitment and environment

The prior assessment, in agreement with the direct estimates of the population, e1early shows that the anchovy
spawning population heavily depends upon the strength of the recruitment at age 1 produced every year (see Figure
I0.7b). This means that the dynamic ofthe population directly follow that ofrecruitment without almost any buffer.
Figure 10.5 plots theestimates of the population at age I provided by the assessment in comparison with the
available indexes ofabundance ofanchovy at age 1 from the fishery dependent and independentdata.. Tbe Egg and
Acoustic surveys that have been used to tune the assessment show a strong parallel variation of its estimates ofthe

•
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population at age 1, although their variations are more intense than that provided by the assessment itself. The
concordance ofthe Year Class Cumulative Catches (YCCC) with the assessed population at age 1 is obviously very
high, since the information obtained in that index is the same contained by the Catch at age data used to tune the
separable model ofthe assessment. Cath per Unit Effort of 1 year old anchovies ofthe Spanish purse seine fleet in
spring (CPUE 1) shows a rather similar tendencies to the ones produced by the assessment, in spite of not having
been included as tunning data. Therefore if this good relationship holds on, in future the CPUE information may be
a usefull tool to monitor the population trends when no direct estimation be available. In general the fluctuations of
the indexes are rather concordant on the period 1987-1995 and indicate relevant changes between years.

The most recent information indicate that in 1995 there was a medium level ofrecruitment at age 1. The assessment
output for 1996 and the CPUE at age 1 suggest that a new medium recruitment may have appeared in 1996,
compared with the previous years. Nevertheless no information from the fishery and no independet direct surveys
allow nowadays to forecast the coming recruitment in 1997.

The scatter plot between the spawning biomass and the number of recruits (l-year-olds) obtained from the
assessment does not show any defined relationship for this stock, (Figure 10.9a). This is not either shown using the
DEPM estimates of biomass and populations at age (Figure I0.9b). Ilowever nothing is known about the dynamic
ofrecruitmentat very low levels ofSSß, when depensatoryrelationshipsmay appear.

ßorja ef 01. (in press) noted that oceanographical environment produced by Northem and Eastem winds of medium
and low intensity blowing in spring and early summer in the ßay of ßiscay seem to induce good ievels of
recruitment to the anchovy population. This result was established for the period 1967-1989, relating an Index of
Recruitmentobtained 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 ßay of ßiscay. The weak
upwelling conditions and the expansion of the areas influenced at surface by the outflows of the major rivers in the
region seems to be the major physical implications of these Northem and Eastem winds. In spring, these conditions
would enhance the stratification and enrich the surface waters where the eggs and larvae of anchovy develops,
assuring a stable and productive environment suitable for its survival.

ßorja ef 01. (WD 1996) have now confirmed these results extending the indices up to the most recent years of the
fishery 1990-1994 (Figure 10.10). The upwelling index explains about 61 % of the interannual variability of the
recruitment index in the period 1967-1994 (df. 26). The relationship of this upwelling index with the recruitment
estimates provided by the DEPM surveys or by the prior analytical assessment is also highly significant (Figure
10.5, Rsquared =0.784, n=9).

Stock size is at a greatly reduced level compared to the 1950s and 1960s. There is the possibilitythat the larger fleet
which existed in those years could have led to overfishing, but it cannot be proved. The possibility that
environmental factors have caused the reduction of the stock has also been considered (Junquera, 1986). The
connections between the upwelling index and recruitment seems to endorse the latter hypothesis and connects the
dynamics of the anchovy population with that of the environment and climate regimes in the ßay of ßiscay.
Nevertheless, the Iikely role ofthe average level ofthe parental stock on the recruitment, and thus that ofthe fishing
factor, should not be neglected, but further studied.

10.9 Catch Forecast

No forecast will be available for 1997 because, as mentioned last year, a proper catch forecast has to be based on the
results ofa direct survey to estimate the strength ofthe incoming recruitmentat the end of the previous season or at
the beginningofthe managementyear in question.

The potential use of the above rehitionship between the upwelling index and subsequent recruitment for the
prediction ofthe recruitment is evident since theoretically it may be estimated after each spawning season (targeted
period: March-July). However in the current case the upwelling index for the past 1996 spawning season has not
been possible to be obtained yet. This estimate will be available during Septemberor October and an estimate ofthe
forthcoming recruitment could be deduced by then. Nevertheless the Working Group considers convcnient
checking the performance of such a forecast procedure by making some simulations with retrospective analysis or
Monte Carlo simulations before providing a quantitative advice on its basis.
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10.10 Comments on Asscssment

The estimates of the fishing mortalities provided by the previous assessment are mostly dependent on the accuracy of
the direct estimates of biomass of the DEPM, since this is the most complete series of surveys in the period assessed.
Improvement of the mortality estimates could be made by taking into account the errors associated with the SSB esti­
mates. Nevertheless the little changes induced by the inelusion of the CPUE values into the assessment gives
confidence to the results.

The current levels of fishing mortality (Fbar for the ages 1-3 at about 0.7) are below the likcly 1.2 value for natural
mortality. The exploitation pattern indicates a negligible explotation of the 0 group and a moderate fishing pressure
on the age I, far below the one exerted over the two and older year old anchovies. Although the population consists
mainly of I year old anchovy that reaches 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
allowed 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 shows the yicld and spawning biomass per rccruit
compared v..ith the virgin state using the average figures 1989-1995 of fishing mortality at age, incrcased and
dccreased by I standard deviation. This figure sho\vs that in the current situation the biomass pcr rccruit of the
population is reduccd to about half of that expected \vithout any fishery. This fishing prcassure could be sustainable
from a long tcrm point ofview according to some authors (Maccr and Sissenv..ine 1993; see bclow).

The high fishing mortality recorded in 1991, when the stock was at a very low levcl may indieate that the catchability •
of the flects may increase at decreasing trends in the stock abundancc, making the stock susceptiblcs of overfishing
in times of low abundance (Pitcher 1995). This possility should be kcpt in mind when advising ways of managing the
stock.

The imalysis of catch data at age shows a decrease of the mean age of anchovics in the catch since 1987. This fact
associated with the incrcasing fishing cffort sccms to indicate an incrcase in the fishing mortality in recent years. Tbc
prior assessment has shown it up to 1991 but afterwards the fishing mortality drops dov.n to the same level than in
1987-1990. This recent decrease may duc to the higher levels ofthe population recorded in 1992-1994.

10.11 Reference points for management purposes

10.11.1 l\IBAL

The data available show that spawning biomass of about 15,000-20,000 t produccd some of the the highest
recruitments in the period 1987-1994 (Figure 10.8). This gives a reference for a minimum precautionary biomass
level of about 20,000 t which could be used as a minirnun biological level of spav.ning biomass for this species.
However, the result is puzzling since it is below the historieal average catches recorded in the fishery since 1960
(Table 10.1) and the period of data used to set this MBAL is too short, exluding any information about the year
classcs produced in the 1960s when the spav.ning stock size was probably much larger than at present. Finally it
should be mentioned that the adoption of this low MBAL implies that this anchovy population has been in the recent •
years several limes elose or even below this thrcshold value! (like in 1989 or 1991). Therefore if managcrs would
like to choose an MBAL, the value of 20,000 t could serve of reference, although the Working Group express its
doubts on the suitability of this estimate for this stock.

10.11.2 Fishing mortality targets

The exploitation of pelagic species should be undertakcn with special care, keeping the exploitation of the stock at a
moderate level of fishing mortality provided the risks of overfishing at low levels of biomass of this species and
taking into account the historieal collapses of several anchovy stocks (Ulltang 1980, Csirke 1988, Pitcher 1995). In
this sense Macer and Sissenwine (1993) state that the higher the natural mortality the bigger should be kept the
percentage of spav.ning biomass per recruit in relation to the virgin state (without fishing) (the criteria of %SBR).
They also indicate that the small pelagics could have poor resistance to exploitation and for these species the %SBR
corresponding with the Fmed 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 these
reviews is that they are based on the knowledge adquired on medium size and not too short Iiving species compared
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with the anchovy. Nevertheless, at the current state of knowledge on this species they may be taken as orientative
about sustainable levels of fishing mortalities.

The current assessment suggests that average fishing mortalities on ages 1 to 3 (0.7) meets the criteria of Patterson
(1992). In adition, the % SßR obtained for this population is about 50 % (Figure 10.11) what satifies the criteria %
SßR of ~1acer and Sissenwine (1993) for pelagics. Therefore, the pattern of fishing mortality of this fishery could
be sustainable from a long term point of view, provided that the risk of overfishing at low levels of abundances is
avoided by a elose monitoring ofthe fishery coupled with an adaptative and fast managing system.

10.12 Management l\1easures and Considerations

The anchovy occurring in the ßay of ßiscay is a short-living species that attains 100% maturity at 1 year old.
Although the ßay of ßiscay 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 recently been
exceeding the average level since 1960. The history of the Spanish purse seine fishery shows that a large fleet
strongly dependent on anchovy and operating during a long period may not be economically profitable in the long
term. Therefore, the need to regulate the fishery is elear.

The above assessment suggests that the current level of fishing mortality could be sustained provided that steps
towards a more conservative approach is taken when the stock is at a low level. Therefore, a elose monotoring of
the fishery coupled with an adaptative and fast reactive managing procedure should be implemented.At the current
state ofknowledge two general objectives could be suggested to managers:

1. Fixing the current level of fishing effort and fishing pattern at age. The management of small short living
pelagics needs to take into account large levels of uncertainty, particularly the coming recruitment level, and
therefore requires a cautious approach. This general idea matches the qualitative management of the fishery
suggested in previous years by this WG, via fishing licences and technical measures. The current number of
fishing licences could be fixed until a final target is establishedon the basis ofthe expected average yield ofthe
stock within safe biologicallimits. In addition, a possible measure could be to elose fishing areas with high
abundance of l-group during the first half of the year in order to maximize survivorship to spawning (see
summary sheet).

2. Establishing a management procedure that would involve elose monitoring of the fishery and the stock and
would regulate fishing mortality according to this information in order to prevent the stock from collapsing. This
is particularly relevant in pelagic fish for which increases in catchability associated with low stock levels would
be expected. The recent series of population estimates indicate that low levels ofabundace are olten found in the
history ofthis resource, examples are 1989 and 1991, and therefore it could be extremely dangerous to manage
this resource ignoring this possibility. Also, it should be born in mind that the larger the fleet, the more diillcult
it becomes to regulate or reduce fishing effort. A case of effort reduction would need to be strengthened by a
quantitativeassessment.

Quantitative management of the fishery is implemented for short-Iiving pelagic species present in other areas such
as the South African Anchovy (ßutterworth el al., 1993) and the Icelandic Capelin (Anon. 1993/Assess:6). The
management ofthe ßay of ßiscay anchovy could be optimized if a reliable estimate ofthe coming recruitment (for
instance by means ofacoustics) was available either prior to or at the start ofthe fishing season. Without an estimate
ofthe coming recruitmentthe managementofthe fisherywould have to be conservativeand as a result the average
annual catches obtained from the resource would be substantially lower than the ones that could be obtained if an
estimate ofrecruitmentwas available early in the season.

The relationship found between the upwelling index at the spring and early summer and the subsequent recruitment
in the following year opens interesting possibilities for its utilization as a recruitment predictor in a quantitative
management system. The important role apparently played by the environment in the dynamics of the stock does
not imply that the management ofthe fishery is useless or impracticableOn the contrary, the above considerations
and risks involved in the exploitation of small pelagics stresses the importance of fishery management to prevent
high risk situations for the stocks, and encourage the use ofreliable forecasts ofthe coming recruitment.
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According to the possible tools for monitoring the stock (DEPM surveys in May, acoustics at the end or begining of
every year and the upwelling index) the following scenarios for quantitative management are presented for
consideration.

2.1 + Submission ofAdvice on the level ofallowable catches within safe biologicallimits on the basis ofthe 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
conservativeappoach to rrianagementneeds to be taken.

2.2 + Submission of Advice on the level of allowable catches within safe biologicallimits using a predictor of the
new recruitment such as the upwelling index ofthe 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 would serve
as starting point to estimate the survivors for the next years. This approach should allow, with suitable estimates, a
less conservativeapproach to management.

2.3 + Submission ofAdvice on the level ofallowable catches within safe biologicallimits making use ofan estimate
of coming recruitment obtained by means of an acoustic survey. The DEPM would complement the system
providing estimates of absolute levels of spawning biomass every year and would be use to forecast the survivors
for the next year. The frequency ofthe DEPI\I surveys could be relaxed once the management approach has proved
to be satisfactory. This strategy would also allow a less conservative approach to be taken.

The benefits and costs of management approaches based on more or less precise information on coming
recruitment, as has just been described, should be tested by simulation studies using assessmentmodels. The relative
benefits of 2.2 and 2.3 would depend on the precision and accuracy of the upwelling index as a predictor of
recruitment, and the recruitmentsurvey. This should also be investigated by simulation studies.

In order to implementa rigorous managementofthe Bay ofBiscay Anchovy, precise information on the abundance
ofthe stock provided on regular basis is absolutely necessary. The assessment and scientific advice for a species like
anchovy rely heavily on this direct methods. The current lack of support provided by the countries involved on the
fishcry to the stock direct monitoring (Le. by Acoustic or DEPM methods), puts at risk the continuity of the
assessment ofthis fishery and precludes the implementationofan optimal management ofthe fishery.

Finally, it should be mentioned that such a management system can not be implemented within the present
leES/EU institutional structure due to the need of implement management measures very shortly after the surveys.
Ifmanagement of the anchovy stock is required, an institutional framework should be established that would allow
management measures to be taken at very short notice. This might be achieved by devolving management
responsabilityto a regional administration.

•
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Table 10.1 Annual catches (in tannes) af Bay of Biscay anchovy (Subarea VIII)
As estimated by the Working Group members.

COUNTRY FRANCE SPAIN INTERNATIONAL
YEAR Villab Villbc VIII

1960 1085 57000 58085
1961 1494 74000 75494
1962 1123 58000 59123
1963 652 48000 48652
1964 1973 75000 76973
1965 2615 81000 83615
1966 839 47519 48358
1967 1812 39363 41175
1968 1190 38429 39619
1969 2991 33092 36083
1970 3665 19820 23485
1971 4825 23787 28612
1972 6150 26917 33067
1973 4395 23614 28009
1974 3835 27282 31117
1975 2913 23389 26302
1976 1095 36166 37261
1977 3807 44384 48191
1978 3683 41536 45219
1979 1349 25000 26349
1980 1564 20538 22102
1981 1021 9794 10815
1982 381 4610 4991
1983 1911 12242 14153
1984 1711 33468 35179
1985 3005 8481 11486
1986 2311 5612 7923
1987 5061 9863 14924
1988 6743 8266 15009
1989 2200 8174 10374• 1990 10598 23258 33856
1991 9708 9573 19281
1992 15207 22468 37675
1993 20914 19173 40087
1994 16993 17554 34547
1995 10848 18950 29798
1996 2630 16128 18758 (*)

AVERAGE 4491 29870 34361
(1960-95)

(*) Preliminary data for the first half of the year
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Table 10.2 Monthly catches of the Bay of Biscay anchovy by country (Sub-area VIII)

COUNTRY: FRANCE Units: t.

YEARIMONTH J F M A M J J 0 S 0 N 0 TOTAL
1987 0.0 0.0 0.0 1225.0 1716.0 283.0 162.0 643.0 749.0 273.0 15.0 1.0 5067.0
1988 0.0 0.4 14.0 784.0 1388.0 781.0 296.0 1154.0 2000.0 324.0 0.2 0.0 6741.6
1989 699.6 81.4 11.0 378.4 763.4 11.0 59.4 8.8 30.8 151.8 4.4 0.0 2200.0
1990 0.4 0.0 15.9 1330.0 1511.3 127.2 269.2 1904.5 3274.8 1446.3 635.9 82.7 10598.1
1991 1318.0 2135.4 603.1 808.0 1622.0 195.2 124.2 419.1 1587.3 556.7 53.7 285.5 9708.2
1992 2062.0 1480.0 941.0 783.0 48.0 10.0 335.0 1202.0 2786.0 3165.0 2395.0 0.4 15207.4
1993 1636.4 1805.3 1536.7 91.2 342.5 1439.2 1314.6 2639.7 4056.6 3277.3 2726.7 47.2 20913.4
1994 1972.4 1907.6 1442.2 171.9 770.1 1730.2 662.7 2125.0 3276.4 2652.3 222.9 0.0 16933.7
1995 618.6 951.5 805.4 258.1 862.4 1662.6 388.6 1083.7 2141.0 1200.3 853.2 22.1 10847.5

Average 87-95 923.0 929.1 596.6 647.7 1002.6 693.3 401.3 1242.2 2211.3 1449.6 767.4 48.8 10913.0
in percentage 8.5% 8.5% 5.5% 5.9% 9.2% 6.4% 3.7% 11.4% 20.3% 13.3% 7.0% 0.4% 100%

Average 91-94 1747.2 1832.1 1130.8 463.5 695.7 843.7 609.1 1596.5 2926.6 2412.8 1349.6 83.3 15690.7
in percentage 11.1% 11.7% 7.2% 3.0% 4.4% 5.4% 3.9% 10.2% 18.7% 15.4% 8.6% 0.5% 100%

COUNTRY: SPAIN

YEARIMONTH J F M A M J J 0 S 0 N 0 TOTAL
tv 1987 0.0 0.0 453.5 4133.0 3677.0 514.0 80.6 53.5 27.9 456.9 202.1 265.1 9863.600
00 1988 6.0 0.0 27.9 785.7 2931.4 3203.8 292.1 97.6 421.1 118.3 136.2 245.9 8265.9

1989 1.9 2.3 25.1 257.8 4295.5 794.9 90.0 509.7 115.6 198.4 1609.6 272.7 8173.5
1990 79.2 5.6 2084.7 1327.8 9947.4 2956.7 1202.4 3226.9 2278.3 123.2 16.4 9.5 23258.2
1991 99.6 39.7 23.0 1227.6 5290.8 1662.7 90.5 59.5 34.1 265.3 184.4 596.2 9573.3
1992 360.0 384.0 340.0 3458.0 13068.0 3437.0 384.0 286.0 505.0 63.0 94.0 89.0 22468.0
1993 101.7 59.1 1825.0 3169.0 7563.5 4488.2 794.9 339.7 197.5 64.9 546.3 23.0 19172.8
1994 0.0 9.3 148.7 5569.1 3991.1 5501.2 1133.2 181.4 105.6 642.5 198.0 73.8 17553.9
1995 0.0 0.1 35.1 5707.5 11484.8 1094.4 50.1 8.9 6.0 151.7 47.8 364.5 18950.8

Average 87-95 72.0 55.6 551.4 2848.4 6916.6 2628.1 457.5 529.3 410.1 231.6 337.2 215.5 15253.3
in percentage 0.5% 0.4% 3.6% 18.7% 45.3% 17.2% 3.0% 3.5% 2.7% 1.5% 2.2% 1.4% 100%

Average 91-94 140.3 123.0 584.2 3355.9 7478.4 3772.3 600.6 216.7 210.6 258.9 255.7 195.5 17192.0
. in percentage 0.8% 0.7% 3.4% 19.5% 43.5% 21.9% 3.5% 1.3% 1.2% 1.5% 1.5% 1.1% 100%

COUNTRY:

Average 91-94
in percentage

FRANCE + SPAIN

1887.5 1955.1 1714.9 3819.4 8174.0 4615.9 1209.8 1813.1 3137.1 2671.8 1605.3
5.7% 5.9% 5.2% 11.6% 24.9% 14.0% 3.7% 5.5% 9.5% 8.1 % 4.9%

278.8 32882.7
0.8% 100%
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Table 10.3 ANCHOVY catches in the Bay of Biscay by country and divisions in 1995

COUNTRIES DIVISIONS QUARTERS CATCH (t )
1 2 3 4 ANNUAL %

SPAIN Vlllb 0.0 3384.7 0.0 0.0 3384.7 17.9%
VIIIC 35.2 14901.9 65.0 563.9 15566.1 82.1%

TOTAL 35.2 18286.7 65.0 563.9 18950.8 100.0%
% 0.2% 96.5% 0.3% 3.0% 100.0%

FRANCE Vlllab 2380.0 2768.3 3620.0 2079.5 10847.8 100.0%
TOTAL 2380.0 2768.3 3620.0 2079.5 10847.8 100.0%

% 21.9% 25.5% 33.4% 19.2% 100.0%

INTERNATIONAL Vlllab 2380.0 6153.0 3620.0 2079.5 14232.5 47.8%
N VIIIC 35.2 14901.9 65.0 563.9 15566.1 52.2%00
IC TOTAL 2415.2 21055.0 3685.0 2643.4 29798.6 100.0%

% 8.1% 70.7% 12.4% 8.9% 100.0%
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Table 10.4 Bay of Biscay ANCHOVY catches (t) by country and EU market categories in 1995

QUARTERS

COUNTRY EEC CAT. 1 2 3 4 ANNUAL %

SPAIN T1 0 3681082 1143447 114639 4939168 26.1 %
T2 30118 11161166 1000359 1059913 13251556 69.9%
T3 30521 150059 203511 372278 756369 4.0%
T4 1281 0 0 2379 3660 0.0%

TOTAL 61920 14992307 2347317 1549209 18950753 100.0%

FRANCE T1 20355 33392 803959 66480 924186 8.5%
N T2 1751804 1252912 2524826 1680383 7209925 66.5%
-.0
0 T3 613441 1392713 279658 288448 2574260 23.7%

T4 9105 107336 22027 1517 139985 1.3%

TOTAL 2394705 2786353 3630470 2036828 10848356 100.0%

INTERN. T1 20355 3714474 1947406 181119 5863354 19.7%
T2 1781922 12414078 3525185 2740296 20461481 68.7%
T3 643962 1542772 483169 660726 3330629 11.2%
T4 10386 107336 22027 3896 143645 0.5%

TOTAL 2456625 17778660 5977787 3586037 29799109 100.0%

Tl : < = = 30 anchovies/Kg.
T2 : between 31 and 50 per Kg.
T3 : between 51 and 83 per Kg.
T4 : more than 84 per Kg.
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Table 10.5 Evolution of the French and Spanish fleet for ANCHOVY in Subarea VIII
(from Working Group members). Units: Numbers of boats.

•

France Spain
Year P. seiner P. trawl Total P. seiner total
1960 52 o (1) 52 571 623
1972 35 o (1) 35 492 527
1976 24 o (1) 24 354 378
1980 14 n/a (1) 14 293 307
1984 n/a 4 (1) 4 306 310
1987 9 36 (1) 45 282 327
1988 10 61 (1) 71 278 349
1989 2 51 (1) 53 215 268
1990 30 80 (2) 110 266 376
1991 30 115 (2) 145 250 395
1992 13 123 (2) 136 244 380
1993 21 138 (2) 159 253 412
1994 26 150 (2) 176 255 431

1995 (3) 26 150 (2) 176 262 438
1996 (3) 26 150 (2) 176 262 438

(1) Only St. Jean de Luz and Hendaya.
(2) Maximun number of potential boats; the number of pelagic trawling gears is roughly half
of this number due to the fishing in pairs of mid-water trawlers.
(3) Provisional figures for 1995 and 1996
n/a = Not available.

G:\ACFM\WGMHMSA\ANE_BISC\ANT8WG96.XLS (TAB10_5)

• TABLE 10.6 Catch per unit effort of anchovy from the Spanish Spring fishery in the Bay of Biscay
(Average catches per boat and fishing day) (From WG members)

(Provisionall
YEAR 87 88 89 90 91 92 93 94 95 96

CPUE/PERJOD 03-06 03-06 04-06 04-06 04-06 04-06 04-06 04-06 04-06 01-06
CPUE (t) 0.9 0.6 0.8 1.5 1.2 2.5 1.7 1.6 2.6 2.0
CPUE age 1 (#) 13.8 16.7 16.1 63.4 29.3 86.3 46.7 26.7 51.6 66.3
CPUE aga 2 (#) 12.2 7.0 13.7 4.4 20.2 16.6 29.7 32.8 29.0 12.9
CPUE age 3 (#) 2.8 1.8 1.2 0.8 0.4 1.3 0.1 4.7 8.0 2.1
CPUE ages 4+ (#) 2.5 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.3

CPUE ages 2 + (#) 17.5 9.1 14.9 5.3 20.6 17.9 29.8 37.5 37.6 15.2
CPUE ages 3 + (#) 5.3 2.0 1.2 0.8 0.4 1.3 0.1 4.7 8.6 2.3

# in thousands
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TABlE 10~ 7 Daily Egg Production Method.: Egg surveys on the Bay of Biscay anchovy.
(fram MOTOS & URIARTE WD1993, MOTOS et al. 1995, 1996 and MOTOS & URIARTE WO 1996)

YEAR 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
(Prelimnary estimates)

Period of year 2 - 7 June 21 - 28 May 10 - 21 May 4 - 15 May 16May-07June 16May-13June No survey 17 May-3June 11 - 25 May 18 - 30 May
Positive area (km2) 23850 45384 17546 59757 24264 67796 48735 31189 28448
Surveyed area (km2) 34934 59840 37930 79759 84032 92782 60330 51698 34294
Daily egg praduction 2.198 5.015 0.73 5.02 1.24 5.81 4.48
Exp(-12) C.V. 0.39 0.24 0.4 0.15 0.06 0.14 0.14

SSB (t) 29365 63500 11861 97239 19276 90720 70940 45000 40600
C.V. 0.48 0.31 0.41 0.17 0.14 0.2 0.16 0.25 0.25

Coastal egg Production 2.319 5.312 0.328 3.35 0.524 2.97 2.74
Exp(-12)

N TOTAL # 1129 2675 470 5843 965.6 5797 3516\0
N C.V. 0.14 0.25 0.18

No/age: 1 656 2349 246 5613 670.5 5571 2457
C.V. 0.16 0.26 0.23

(millions) 2 331 258 206 190 290.3 209.3 1005
C.V. 0.17 0.22 0.19
3+ 142 68 18 40 4.8 16.7 54

C.V. 0.42 0.51 0.28
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Tabla 10.8 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 14.5-32.2 (4) 23.6 32.8

Biomass (t) 50,000 38,500 15,500 60-110,000 (4) 64,000 89,000

Number (10**(-6)) 2,600 2,000 805 4,300-7,500 (4) 3,173 9,342

Number of 1-group(10**(-6)) 1,800 (1) 600 400 4,100-7,500 (4) 1,873 9,072

(1) Rough estimation
(2) Assumption of overestimate
(3) Positive area
(4) Must be revised
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Table 10.9 Summary of egg and acoustic surveys of Bay of Biscay anchovy

YEARS 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

Egg survey (million) 656 2,349 246 5,613 647 5,571 2,457
11-year-old)
Acoustic survey 1,800 600 440 n.a. 1,373 9,072
11-year-old) millions

epUE 1 (#) 16.1 63.4 29.3 86.3 46.7 26.7

Y.c.C.e.ll ) 1,444 352 177 267 340 542 302 1,738 668 2,044 2,034 1150
N
10
,j:>, Assessed age 1 1769 2481 990 6401 2176 8139 8260 4654

N = number of years that year dass j is fished.
Cij = Catch from year dass j in year i

with

(1) Year class cumulative Catches per cohort in numbers

It.c, I
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Table 10.10 ANCHOVY catch at age in thousands for 1995 by country, division and quarter.

QUARTERS AND MAIN DIVISIONS
units: thousands

1 2 3 4 Annual total
SPAIN AGE Vlllbc Vlllbc VlI1bc VlI1bc VlI1bc

0 0 0 0 20,948 20,948
1 1,135 366,789 2,565 4,161 374,650
2 325 206,062 215 909 207,511
3 76 57,138 53 36 57,303
4 0 4,096 7 0 4,103

TOTAL(n) 1,536 634,085 2,840 26,054 664,515
WMED. 23.45 29.43 22.42 21.61 29.08
CATCH. (tl 35.2 18,286.7 65.0 563.9 18,951
SOP 36.0 18,678.8 63.6 563.9 19,342
VAR.% 102.33% 102.14% 97.88% 99.99% 102.07%

• FRANCE AGE Vlllab Vlllab Vlllab Vlllab V111ab

0 0 0 4,031 13,888 17,919
1 32,276 121,918 117,012 53,452 324,658
2 56,558 19,248 11,008 9,404 96,218
3 19,174 99 0 0 19,273
4 0 0 0 0 0

TOTAL(nl 108,008 141,265 132,051 76,744 458,068
WMED. 21.62 18.80 26.10 25.60 22.71
CATCH. (tl 2,380 2,768 3,620 2,080 10,848
SOP 2,543 2,575 3,629 1,957 10,704
VAR. % 106.85% 93.02% 100.25% 94.11 % 98.67%

QUARTERS 1 2 3 4 Annual total

• TOTAL AGE Vlllbc Vlllbc Vlllbc VlI1bc VlI1bc

Sub-area VI1I 0 0 0 4,031 34,836 38,867
1 33,411 488,707 119,577 57,613 699,308
2 56,883 225,310 11,223 10,313 303,729
3 19,250 57,237 53 36 76,576
4 0 4,096 7 0 4,103

TOTAL(n) 109,544 775,350 134,891 102,798 1,122,583
WMED. 21.65 27.49 26.02 24.59 26.48
CATCH. (t) 2,415 21,055 3,685 2,643 29,799
SOP 2,579 21,254 3,693 2,521 30,046
VAR.% 106.78% 100.94% 100.21 % 95.36% 100.83%
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Table 10.11
Spanish half - yearly catches of anchovy ( 2nd semester) by age in ('000)
of Bay of Biscay anchovy from the live bait tuna boats. (from ANON 1996 and WG members)

Age 1987 1988 1989 1990 1991 1992 1993 1994 1995

0 10020 97581 N/A 27993 6098 2167 3557 7872 10154
1 24975 17353 N/A 22238 13736 14268 20160 5753 10885
2 1461 203 N/A 109 0 0 477 209
3 912 3 N/A 0 0 0 0 0

Total 37368 115140 N/A 50340 19834 16435 23717 14102 21248
Catch (t) 546 493 416 353 200 306 143.2 273.2

meanW (g) 14.6 4.3 8.3 17.8 12.1 12.9 10.2 15.8
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Table 10.12 Total catches of anchovy ( in millions) by age from 1989 to 1994 on a half·year basis
including catches of live bait anchovies for tuna fishing.

Year 1989 1990 1991 1992 1993 1994 1995 1996
Half year 2 2 2 2 2 1 2 2 1 2
Age Preliminary

0 0 175 0 33 0 79 0 36 0 64 0 60 0 49 0

IV 1 157 8 842 541 328 113 998 452 796 613 495 356 522 188 631
\l)

2 130 12 62 58 322 16 197 23 437 90 493 55 282 22 157-...J

3 14 3 10 5 16 1 17 1 7 0 62 1.3 76 0 21
4 0 0 0 0 0 0 0 0 0 0 0 0 4 0 2

Total (#) 301 198 914 637 666 209 1212 512 1240 767 1050 472 885 259 810
Catch (tl 7321 3052 19385 14887 15025 4610 26381 11504 24057 16334 23213 11416 23470 6602 18629

G:\ACFM\WGMHMSA\ANE_BISC\ANT8WG96.XLS (TAB10_12)



- --- --- ----------------------------------

Table 10.13 Catch at age in numbers ( millionsl of Anchovy in the Bay of Biscay (11.

Age 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 I
0 0 0 0 0 0 0 0 0 0 0 0
1 776 0 156 31 0 1 14 3 0 388 161
2 602 861 1322 1687 1307 405 688 0 25 166 813
3 0 77 262 435 574 535 267 330 133 69 309
4 0 0 0 0 7 7 0 0 0 10 46

5+ 0 0 0 0 0 0 0 0 0 0 0
IV Total 1378 938 1740 2153 1888 948 969 333 158 633 13291
\0
00

Age 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 I
0 0 0 31 128 175 33 79 36 64 60 49
1 53 52 220 385 164 1383 441 1450 1409 850 710
2 105 80 187 128 142 120 338 220 527 548 304
3 177 63 42 29 18 15 18 18 7 63 77
4 4 54 22 3 0 0 0 0 0 0 4

5+ 0 0 12 1 0 0 0 0 0 0 0
Total 339 249 514 674 499 1551 876 1724 2007 1521 11441

(1) before 1983 same ageing errors could have occurred
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Table 10.14 Half-year mean weight at age in the catches of the Bay of Biscay anchovy in 1995
Units: g.

Country Spain France Spain France Total
Semester 1 1 2 2 1 2 Annual

Area VIIleb Villab Vlllcb VIIlab VIII VIII VIII
Age

0 0.00 0.00 19.19 13.55 16.59 16.59
1 24.76 17.24 26.81 27.62 22.54 27.59 23.82
2 35.18 24.49 36.39 31.14 32.31 31.41 32.25
3 38.02 31.36 36.44 36.34 36.44 36.34
4 37.28 29.15 37.28 29.15 37.27

Total 29.42 20.54 21.69 26.76 26.92 26.14 26.75
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Table 10.15 Weight at age (in grams) in the Total Catch of Anchovy in the Bay of Biscay.
w
oo years

1987
1988
1989
1990
1991
1992
1993
1994
1995

O-group

13
13
13
10
15
12
12
16
17

1-group

21
21
20
22
19
21
18
21
24

2-group

33
31
29
28
26
31
27
26
32

3-group

38
35
30
42
32
38
30
29
35
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Table 10.16 Weight at age (in grams) in the stock of Anchovy in the Bay of Biscay.

years O-group 1-group 2-group 3-group

w 1987 13 16 29 33
0- 1988 13 16 29 33

1989 13 16 29 33
1990 10 16 29 35
1991 15 17 28 34
1992 12 15 32 32
1994 15 17 26 32
1995 12 16 27 33

from Cendrero 1994
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Table 10.17 Input data and constraints for the assessment ofthe Bay of Biscay anchovy (Division VIII) with the
Integrated Catch at age analysis package.

Range ofyears for the analysis: 1987-1995:
Relative weight for each year in the analysis: 0.5 / 0.5 / 1 / I / 1 / 1 / 1 / 1

Catch Data: Matrix of annual catches at age from the International fishery in Division VIII.
Range of ages: 0-5. Significant range of ages: 1-3 years old.
Relative weights for the reliability ofthe catches at age: 0.1 / I / 1 / I /0.1 / 0.1

Tuning data: Biomass indices:
In.l: DEPM: 8 Observations., 1987-1995 (missing value in 1993), Taken as absolute values.
In.2: Acoustic, 3 values, 1989,1991,1992. Used as relative index

Tuning data: Aged desagregated indices:
In. 1: DEPM Pop. estimates (1987-1994, except for 1993), used as absolute values. Ages: 1-3+
In. 2: Acoustic Population estimates in 1989,91 & 92. Used as relative figures. Ages: 1,2+

Equal confidence has been set to all the tuning indices. Relative weight for all = 1

Reference age for the separated constraint: 2 y.o..
Selection pattern: Flat. S on last age fixed at 1
Ages used to calculate the reference F : 1-3 y.o.

•

•
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Table 10.18 ICA. AV file.

Total weighted SSQ is: 8.4163358629667

Unweighted Residuals About the Model fit

.4851 2.06125

.1408 3.44652

.1775 2.73300

.2033 2.38662

.2055 2.36110

Wt
Separable model:

Biomass idx 1
Biomass idx 2
Aged index 1
Aged index 2

Start SSQ

27.7132
2.7667274

.7555241
18.6256450
2.6410028

End SSQ df

9.7028 20
1.1261026 8

.3550254 2
4.2687818 21

.8218924 4

Variance IV

Catch at Age Matrix :

Partition of the weighted residuals

.3473E+01 for 45 observations.

1 2
.4678E+00 .1486E+00

3 3

2 3
.1071E+01 •1296E+01 .4789E+00

777

•

SSB Index 2
SSB Index 2

Aged Index
Age:

Wted SSQ:
No data:

Aged Index 2
Age:

Wted SSQ:
No data:

1.1261 8
.3550254 3
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Table 10.19 ICA Outputs.

CATCH NUMBERS AT AGE (Hillions)
1987 1988 1989 1990 1991 1992 1993 1994 1995

0 31. 128. 175. 33. 79. 36. 64. 60. 49.
1 220. 385. 164. 1383. 441. 1450. 1409. 850. 710.
2 187. 128. 142. 120. 338. 220. 527. 548. 304.
3 42. 29. 18. 15. 18. 18. 7. 63. 77.
4 22. 3. 1. 1. 1. 1. 1. 1. 4.
5 12. 1. 1- 1. 1. 1. 1. 1- 1.

INDICES OF SPAYNING STOCK BIOMASS
1987 1988 1989 1990 1991 1992 1993 1994 1995

1 .294E+OS .63SE+OS .lS0E+OS .972E+05 •193E+05 .907E+05 -.100E+01 .709E+05 .450E+05
2 -.100E+01 -.100E+01 .155E+05 -.100E+01 .640E+05 .890E+05 -.100E+01 -.100E+01 -.100E+01

AGE - STRUCTURED INDICES
INDEX: 1 trom 1987 to 1994

1987 1988, 1989 1990 1991 1992 1993 1994

1 .656E+06 .235E+07 .246E+06 .561E+07 .671E+06 .557E+07 -.100E+Ol .246E+07-
2 .331E+06 .258E+06 .206E+06 .190E+06 •290E+06 .209E+06 -.100E+01 .101E+07
3 .760E+05 .680E+05 .180E+05 .400E+05 •480E+04 .167E+05 -.100E+01 •540E+05

INDEX: 2 tram 1989 to 1992
1989 1990 1991 1992

1 .400E+03 -.100E+01 •187E+04 .907E+04
2 .405E+03 -.100E+01 .130E+04 •270E+03

FISHING MORTALITY
1987 1988

STOCK SUMMARY

NUMBERS AT AGE (Millions)
1987 1988 1989

o
1
2
3
4
5

o
1
2
3
4
5

.0048

.2389

.7070

.6493

.7070

.7070

8276.
1769.
663.
128.
70.
5.

.0069

.3425
1.0137

.9310
1.0137
1.0137

3310.
2481.
420.
98.
20.
11.

1989

.0068

.3343

.9895

.9087

.9895

.9895

21395.
990.
530.
46.
12.
3.

1990

.0068

.3353

.9925

.9116

.9925

.9925

1990

7272.
6401.
213.
59.
6.
2.

1991

.0137

.6755
1.9992
1.8361
1.9992
1.9992

1991

27393.
2176.
1379.

24.
7.
1.

1992

.0092

.4537
1.3427
1.2332
1.3427
1.3427

1992

27677.
8139.
333.
56.

1.
O.

1993

.0063

.3129

.9260

.8504

.9260

.9260

1993

15551.
8260.
1557.

26.
5.
O.

1994

.0062

.3045

.9013

.8278

.9013

.9013

1994

14273.
4654.
1819.

186.
3.
1.

1995

.0056

.2787

.8248

.7575
_8248
.8248

1995

14963.
4273.
1034.
223.
24.

O.

1996

13036.
4481.
974.
136.
31.
3.

•
Year

1987

Recruits
x10"6
8276.

Total B
tonnes

162141.

Spawn B
tonnes
29065.

Landings
tannes

14924.
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Yld/SSB

.5135

Ref. F
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Table 10.19 (cont'd)

1988 3310. 99342. 29178. 15009. .5144 .7624
1989 21395. 311446. 16356. 10374. .6342 .7442
1990 7272. 183893. 60886. 33856. .5561 .7465
1991 27393. 487589. 29395. 19281. .6559 1.5036
1992 27677. 466726. 69621. 37675. .5411 1.0099
1993 15551. 361866. 93342. 40087. .4295 .6964
1994 14273. 346617. 68487. 34547. .5044 .6779
1995 14963. 284091. 55670. 29798. .5353 .6203

I FAP rl.81 code: 103

PARAMETER ESTIMATES +/- SO

.9616
1.2975
1.2196
1.2265
2.3164
1.6507
1.1648
1.1795
1.2258

59898164.
6152010.
1346763.
306481.
35656.

246035.1372
36540.9286
17066.5369
7820.9126
9819.3370
1725.8324
7350.6287
4997.0420

.0111

.4063
Reference age

1.1026
last true age

.5198

.7920

.8028

.8032
1.7255
1.0923

.7361

.6887

.5549

12

Separable Model: Reference F by year
1 1987 .7070
2 1988 1.0137
3 1989 .9895
4 1990 .9925
5 1991 1.9992
6 1992 1.3427
7 1993 .9260
8 1994 .9013
9 1995 .8248
Separable Model: Selection (S) by age

10 0 .0068 .0042
11 1 .3379 .2810

2 1.0000 Fixed :
3 .9184 .7650
4 1.0000 Fixed :

Separable Model: Populations in year 1995
13 0 14962522. 3737628.
14 1 4272511. 2967218.
15 2 1033814. 793585.
16 3 222517. 161556.
17 4 24457. 16776.
Separable Model: Populations at age 4
18 1987 69818.2799 19812.5856
19 1988 20205.1776 11172.3817
20 1989 11684.6629 7999.9445
21 1990 5564.9526 3959.7294
22 1991 7189.2927 5263.6884
23 1992 1143.3706 757.4875
24 1993 4934.1128 3312.0254
25 1994 3374.0648 2278.2105

•

SSB Index catchabilities
SSB Index 1 was used as absolute estimator.

No fitted catchability for this index.
26 2 Linear Model: Q • 13816E+01 .10871E+01 •17560E+01

Age-structured index catchabilities
Age-Structured Index 1

Absolute estimator: No fitted catchability.
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Table 10.19 (cont'd)

Age·Structured Index 2

Linear model fitted. Slopes at age:
27 1 Q .11896E·02 •8988BE' 03
28 2 Q • 16279E·02 .12316E·02

RESIDUALS ABOUT THE MOOEL FIT

separable ModeL Residuals
(log(Observed Catch)·log(Expected Catch»
and weights (W) used in the analysis.

.15743E·02

.21517E·02

Age 1987 1988 1989 1990 1991 1992 1993 1994 1995
0 .28814E+OO •22630E+01 •73373E+00 •14143E+00 ·.10093E+01 ·.14093E+01 .11303E+00 .16118E+OO -.26814E-11
1 .•17910E·01 - _11754E+OO -.31348E·01 •23177E+00 ·.40843E+00 ·.21928E+00 .56295E·01 •14840E+OO •13291E+OO
2 •. 11219E+OO -.29033E+OO -.40495E+00 .33490E+00 ·.89396E+OO .30448E+00 ·.12532E+OO ·.22311E+OO -.18428E+00
3 .10026E+OO ·.26762E+OO .36152E·01 ·.40718E+00 .27154E+00 ·.36774E+OO ·.30313E+00 ·.44485E·01 .40459E·01
4 ·.18074E·02 .• 10106E+01 ·.15454E+01 ·.80575E+00 .• 14609E+01 .58559E+00 ·.63819E+00 ·.23949E+OO ·.74628E+00

Ilts .50000E+OO .50000E+OO .10000E+01 .10000E+01 .10000E+01 .10000E+01 .10000E+01 .10000E+01 .10000E+01

Biomass Index ResiduaLs: log(Observed Index) - log(Expected Index)
~ ..-.. __ _.-_ -----_ .._ - _. __ .-._ _------_ __ ..
o
Q\

Idx 1987 1988 1989 1990 1991 1992 1993 1994 1995
1 .10280E·01 _77761E+00 -.86572E·01 .46816E+00 ·.42198E+00 .26471E+OO -.10000E+01 .35184E-01 ·.21278E+OO
2 -.10000E+01 ·.10000E+01 ·.37706E+OO ·.10000E+01 .45477E+00 ·.77712E-01 ·.10000E+01 ·.10000E+01 ·.10000E+01

Aged Index Residuals: Log(Observed Index) - Log(Expected Index)

Aged Index
.------ ....._-
Age 1987 1988 1989 1990 1991 1992 1993 1994
1 -.30839E+OO .67816E+OO -.66369E+00 •59798E+OO ·.28619E+00 .40644E+OO -.10000E+01 .75814E·01
2 .21158E+OO •56534E+OO .94111E·01 •92497E+00 ·.38249E-01 .74198E+OO ·.10000E+01 .40455E+OO
3 - .96308E-01 .37521E+OO -.20889E+OO .49642E+OO -.43076E+OO ·.82913E·01 -.10000E+01 -.29302E+OO

Aged Index 2
--------_ ..-..
Age 1989 1990 1991 1992
1 - .63502E+OO •• 10000E+01 .22050E+OO .41452E+00
2 - .23285E+OO ·.10000E+01 .35815E+00 -.12530E+00

.10000E+00

.10000E+01

.10000E+Ol

.10000E+01

.10000E+OO

PARAMETERS OF THE DISTRIBUTION OF Ln CATCHES AT AGE·e



Table 10.19 (cont'd)

Separable model fitted from
Variance
Skewness test statistic
Kurtosis test statistic
Partial chi-square
Probability of chi-square
Degrees of freedom

1987 to 1995
.8705

-.3728
3.8333
1.9480
1.0000

20

--- -- ------------------

PARAMETERS OF THE DISTRIBUTION OF THE SSB INDICES

DISTRIBUTION STATISTICS FOR ln SSB INDEX

Index used as absolute measure of abundance.
Last age is a plus-group.

DISTRIBUTION STATISTICS FOR ln SSB INDEX 2•

Variance
Skewness test statistic
Kurtosis test statistic
Partial chi-square
Probability of chi-square
Number of observations
Degrees of freedom
Weight in the analysis

.1299
1.3829
-.0843

.1073
1.0000

8
8

1.0000

Linear catchability relationship assumed.
Last age is a plus-group.

Variance
Skewness test statistic
Kurtosis test statistic
Partial chi-square
Probability of chi-square
Number of observations
Degrees of freedom
Weight in the analysis

.1775

.2315
-.5303
.0342

1.0000
3
2

1.0000

•

PARAMETERS OF THE DISTRIBUTION OF THE AGE-STRUCTURED INDICES

DISTRIBUTION STATISTICS FOR ln AGED INDEX

Index used as absolute measure of abundance•

Age 1 2 3
Variance .2243 .1056 .1015
Skewness test stat. .3485 1.5356 .2792
Kurtosis test stat. -.7751 -.4542 -.7091
Partial chi-square .1147 .1675 .0719

Prob. of chi-square 1.0000 1.0000 1.0000
Number of data 7 7 7
Degrees of freedom 7 7 7
Weight in analysis .6667 .6667 .6667

DISTRIBUTION STATISTICS FOR ln AGED INDEX 2

linear catchability relationship assumed.

Age
Variance
Skewness test stat.
Kurtosis test stat.
Partial chi-square
Prob. of chi-square
NlIIlber of data
Degrees of freedom
Weight in analysis

1
.3118

-.4330
-.5303

.0873

.9573
3
2

.7500
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2
.0991
.4352

-.5303
.0303
.9850

3
2

.7500



Figure 10.1 Bay of Biscay anchovy: Historical evolution of the
fishery since 1940 - - Spain Vlllbc
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3. Minimum 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. Minimum landing size 12 cm : increase of the french pelagic fleet
9. Bilateral agreement between Spain and France : the pelagic fleet is not allowed

to fish anchovy from the end of March to the end of June
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Figure 10.2
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Figure 10.3 Evolution of the fleets fishing for anchovy in the Bay of Biscay
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Figure 10.4 Relationship between spawning biomass (t) and extension of the spawning area (kmA 2) for the Bay of
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Figure 10.5 Anchovy VIII: Comparison of recruitment indexes at age 1
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Figure 10.6 Results ofthe anchovy assessment in Sub-area VIII.
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Figure 10.6 (cont'd)

1 unln'iJ O.~..,nuiio~-~.o~"~.~.",.-'-In"'d;r..;-:K;-'I-------------------

BioMass

.'ilIno~ ac.: . -.-
Stock NUMbers Catchability•••

1
4.0.S

t;,.

~ 3.0.6 t;,.

f
..... •

I ~ 2.0.6
z:

Z. 2.6 « t;,.
~ .1.0e6
~

0 0
1987 1990 1993 1'96 0.2_' 3.0.6 5.886

f' ~"Y'ear IndeM Valu.
II 'ndCM Predict ton +/- .d - VPA t;,. Index Observat ton - Fitted Lin.

0.7 0.7 U.. t;,. .. t;,.,
t;,.

,
t;,.:2 :2• •• t;,. • II" 0 " 0

1 .0 14.1 1:5.2 1 .7 1991 1995

E4ected Va Jue rA.

-0.7 t;,.
-0.7 t;,.

1991

TI",_
t;,.

1 .7

0.8

-0.8

Catchability
80000

t;,.

60000 t;,.
t;,.

:..
40000

« t;,. t;,.
~

20000

0
O.1a5 O.4e~ 0.7.5 1.0.5

IndeN U~lu.

II Ind.1( Obs.,-vat ion - Fltt.d Line

18951991

Spawning
1.0.' 1

.O'.'J.! ...
" O. 1 ...~_~,.,I~(;.....~_"'"-:-_-':4l,

j
-\? 10.2 10.'7 l'JJ. li.2

EM.p.~ t ed Va lue
1:>

-0.&

v••,.
/) JndelC P"ed let ion ./- sd - UPA

l1 IndeM Ob58,.V4It Ion 6 lnde", Ob.ervatlon li Inde", Oh~ervatjon

_9005 lC5. • a9_

-0.5

0.'

Ti ...

o +----~__,r-..,....----.,
1 ? 19S1(1 199'5

-0.5

•
.~·•"

Catchabll1ty
90000

l

~
t;,.

• 60000
.a

1 t;,.

er 30000
~
~

2.8." 5.2.4 7.6."
IndeM Ualu.

t;,. IndeM Ob.ervation - FItted lin.

0.'

/) IndeK Ob.ervat ton

19961993

.9

O+-~--__"T"_~ '"

l:J. W.2

EKPeA.d Value

Stock NUMbers
1.0.'

Vaar
~ IndeK Predict ion +/- sd _ UPA

I l'!! IndeM Ob.~rv.tion

Stock NUMbers Catchab 11 i ty
1.2.'

i
...

V
l.

• •••0.9.8 ·~ •1......! 0.6.S

I'l-l::rI,~
z: I

~ « I0.3.6 ~ 2••

I
0

~
0

!SI. 0.19•• 0.60.6 1.0""1987 1990 1993

'Vear Index Uililu.

./- sd UPA {'; IndeM Observ.t ion _ Fitted Lin.(I. IndeM Pr.dict Ion

0.93 "
0.93 L>

t;,. t;,.

'; t;,.
'; t;,.
J,
:2:2 0.44 t;,. 0.44 t;,.·. •• "" t;,.

t;,. t;,.

, 12 •• 13.6 -O.O~ 87 1,'91 1995
-0.0:1 .. 12.0

EKpeet.d Uililue Ti ....

(I. IodeIe Observ.t ion (I. IndeM Obsarv.. t ion



•

Figure 10.6 (cont'd)
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Figure 10.7 Fish Stock Summary
Anchovy in the Bay of Biscay (Fishing Area VIII)

17-8-1996
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Figure 10.9a Relationship between the number of recruits (1 year old anchovies) and the 55B
estimated from the assessment.
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Figure 10.9b Relationship between the number of recruits (1 year old anchovies) and the 5SB
estimated from direct estimation method
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Figure 10.10 Historical variation of Upwelling and Recruitment indexes (From Borja et al. WD1996)
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Figure 10.8 DEPM and estimated biomass ofthe Bay ofBiscay Anchovy from the production model.
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11 ANCHOVY IN DIVISION IXa

11.1 Thc Fishery in 1995

"Unlike previous years, the fishery in 1995 was located to the north of Portugal (Sub-division Central-North) and
to the west of Galicia (Sub-division lXa North). Due to the abundance of anchovy in these areas, this was the
target species of the Spanish and Portuguese fleets in this year. The fishery is highly dependent of the anchovy
abundance in these areas. Nevertheless, the Bay of Cadiz fishery (Sub-division IXa South) was very reduced in
1995.

The Spanish fleet in the Bay of Cadiz is mainly made up of purse-seiners (Anon., 1992/Assess:17) although
currently there is another kind of fleet in the form of trawlers, geared for pelagic fishreries, mainly anchovies.
The Spanish fleet in the west of Galicia is composed of purse seiners. The Portuguese fleet is made up, mainly,
ofpurse-seiners, some trawlers and artisanal ships, whieh catch a very small quantity ofanchovies.

,
11.1;1 Landings in Division IXa

The total catch in 1995 was 12,956 t, having increased greatly with respect to previous years (Table 11.1). The
catch in 1995 increased in both countries. The Spanish catch in 1995 was 5,900 t and the Portuguese catch was
7,0561. Portuguese catches in 1995 are at the level observed during the 1960s (Figure 11.1).

From 1943 to 1987 data of catches were only provided by Portugal, and during this period the catches varied
bet\.\'een 23 t and 12610 t (Table 11.1). 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 level of catches
(1927-1936, 1966-1976, 1979-1984 and 1987-1994) (Pestana, WD 1996). Data of the Spanish catches in the
Bay of Cadiz (Sub-division IXa South) for this period cannot be given since they have been combined with
anchovy catches in the area of Morocco, and catches in Galician waters (Sub-division IXa North) are not
available but Junquera (1986) pointed out that anchovy dissappeared from the west of Galicia at the beginning
of the sixties.

The main season ofthe Spanish fisheries in 1995 was the second half ofthe year corresponding to the summer
months in the IXa North area, in whieh 74% ofthe total annual catch \vas taken. This was unlike previous years
in whieh spring was the main season in IXa South (Table 11.2). Most of the Portuguese landings were caught
from May to October (during the period 1927-1994). The 1995 landings show different evolution with two very
important periods from April to June and from August to December (Pestana, 1996).

11.1.2 Landings by Sub-division

In 1995, the catches increased substantially in Sub-division IXa North (Galician waters) and in Sub-division IXa
Central North (Portuguese waters) compared to previous years. However, in the Bay ofCadiz (Sub-division IXa
South) the catch fell from 3,036 t in 1994 to 571 tin 1995 (Table 11.1 and Figurell.l).

The distribution of Spanish catches in 1995 \vas totally different to those of previous years, with 90% of catches
located in Sub-division IXa North (west ofGalicia) and the rest (10%) in Sub-division IXa South (Bay ofCadiz)
(Anc>n, 1992/Assess:17, 1993/Assess:19, 1995/Assess:2 and 1996/Assess:7). Catches in Sub-division IXa North
occurred mainly in summer (from June to September) and anchovies in this fishery had already spawned. In the
Bay of Cadiz catches were very similar throughout the year, without showing any increase in spring, as was
obserVed in previous years, due in part to the fact that part ofthe fleet stopped operating from May (Table 11.3).

The greatest contribution to the 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 the last 4 years the landings were less than I tonne. In Sub-division IXa
Central-North there were alternate periods of relatively high and low landings. After 1984 the landings of the
Sub-division IXa Central-North gave the greater contribution to the total annuallandings (mean value 1,116 t).
Tbe mean percentage ofthe landings by Sub-division (1970-1995) is 70% ofthe total in IXa central-North, 5%
in IXa Central-South and 20% in IXa South. The same landings pattern occurs in Sub-divisons IXa Central­
North and Central-South during the period from 1970-1994 and in 1995 (Pestana, WD 1996) (Figure 11.1).

E.IACFM\WGMIISA91.REPORT97 DOC 20109196 322



In the first half of 1996, the preliminary data from the fishery, indicates that the catches in Sub-division IXa
Central-North and North have reduced to similar levels to those ofthe period 1991-1994.

11.2 Effort and Catch per Unit Effort

The data provided for fishing effort and CPVE indices of anchovy in Division IXa refer to the Spanish purse­
seine fleet in the Bay ofCadiz from 1988 to 1995 and to the Spanish purse-seine fleet in Sub-division IXa North
in 1995. No Portuguese data are available.

Effort measured as the number of effective fishing trips made by the five fleets of the Bay of Cadiz shows a
decrease in 1995 in a11 fleets (Table 11.4).

In a11 ofthe Bay ofCadiz fleets the CPVE series reflect a declining trend (Tabte 11.5).

11.3 Acoustic Surveys

An acoustic survey was carried out in the Bay of Cadiz (Sub-division IXa South) in 1993, to 'estimate anchovy
abundance, and the total biomass estimated was 6,569 t (Anon., 1995/Assess:2). Since then, no acoustic surveys
have been conducted.

11.4 Catch in Number at Age

Table 11.6 shows the catches in number at age by half years corresponding to the Spanish fishery in Sub­
division IXa North. This data mainly corresponds to the months from June to September, when 93% ofthe total
catch in this area was taken. Catches were made up ofage 1 anchovies.

11.5 Mean Weight at age and Mean Length at Age

Tables 11.7 and 11.8 show mean lengths and mean weights at age of the Spanish fishery in Sub-division IXa
North in 1995. Mean weights at age of Spanish anchovies were calculated from biological sampling of
commercial catches.

11.6 Management Measures and Considerations

The regulatory measures in 1995 were the same as for the previous year and are summarised by Millan and
Villamor (1992). As in previous years the purse-seine fleet in the Bay of Cadiz stopped operating voluntarily
from October to February, and part ofthe single-purpose purse-seine fleet ofthe same area stopped from June to
December.

Given the reduced knowledge of the biology and dynamic of this population, it is recommended that the
precautionary TAC at the level ofrecent catches would be appropriate to avoid an increase in effort.
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Table 11.1 Ponuguese and Spanish annuallandings of ANCHOVY in Division IXa.
(From Pestana, 1989 and 1996 and Working Group members).

Portul!lll SIlIIin

Vear IXaC-N IXaC-S IXa Soulh Total IXa NOI1b IXa Soulh Total TOTAL

1943 7121 355 2499 9975 - - - -
1944 1220 55 5376 6651 - - - -
1945 781 15 7983 8779 - - - -
1946 0 335 5515 58S0 - - - -
1947 0 79 3313 3392 - · - ·
11148 0 75 4863 4938 · - - -
1949 0 34 2684 2718 · - - -
1950 31 30 3316 3377 - · - -
1951 21 6 3567 3594 - - - -
1952 1537 I 2877 4415 - - - -
1953 1627 15 2710 4352 · - - -
1954 328 18 3573 3919 - - - -
1955 83 53 4387 4523 - - - -
1956 12 164 7722 7898 - - - ·
1957 96 13 12501 12610 · - - -
1958 1858 63 1109 3030 - - - -
1959 12 1 3775 3788 - - - ·
1960 990 129 8384 9503 - - - -
1961 1351 81 1060 2492 - - - -
1962 542 137 3767 4446 - - - ·
1963 140 9 5565 5714 - · - ·
1964 0 0 4118 4118 - - - ·
1965 7 0 4452 4460 · - - -
1966 23 35 4402 4460 · - - -
1967 153 34 3631 3818 - · - -
1968 518 5 447 970 - - - -
1969 782 10 582 1375 - - - -
1970 323 0 839 1162 - - - ·
1971 257 2 67 326 - - · -
1972 - . . - - - - ·
1973 6 0 120 126 - - - -
1974 113 1 124 238 - - - -
1975 8 24 340 372 - · · -
1976 32 38 18 88 - - - -
1977 3027 1 233 3261 - - - ·
1978 640 17 354 1011 - - - -
1979 194 8 453 655 - - · ·
1980 21 24 935 980 - · · -
1981 426 117 435 978 - - · -
1982 48 96 512 656 - · · -
1983 283 58 332 673 · - - ·
1984 214 94 84 392 · - - ·
1985 1893 146 83 2122 - - - ·
1986 1892 194 9S 2181 - - · ·
1987 84 17 11 112 - - - -
1988 338 77 43 458 - 4263 4263 4721

1989 389 85 22 496 118 5336 5454 5950

1990 424 93 24 541 220 5911 6131 6672
1991 187 3 20 210 15 5696 57J1 5921
1992 92 46 0 138 . 33 2995 3028 3166

1993 20 3 0 23 1 1960 1961 1984
1994 231 5 0 236 117 3036 3153 3389
1995 6724 332 0 7OS6 5329 571 5900 12956
1996· - . - - 116 547 663 ·

( - ) NO! available
( 0 ) Less lban 1 loone

• Preliminary daIa for the ftnt balf of tbe year
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Table 11.2 Anchovy cath distribution (t) and porcentage according to half of the year
for the period 1988-1995, in Division IXa.

1st half year (1) 2nd half year (2) Anual
Year- Country Catch(t) % Catch (t) % Catch (t)1_

Spain 2534 59.7 1708 40.3 4242
1989 Spain 3876 73.5 1394 26.5 5270
1990 Spain 3806 67.2 1860 32.8 5666
1991 Spain 4736 82.9 975 17.1 5711
1992 Spain 2492 82.3 536 17.7 3028
1993 Spain 1689 86.1 272 13.9 1961
1994 Spain 2745 81.1 408 12.9 3153
1995 Spain 1510 25.6 4390 74.4 5900
1991 Portugal 39 18.5 172 81.5 211
1992 Portugal 38 27.5 100 72.5 13S
1993 Portugal 9 40.9 13 59-.1 22
1994 Portugal 1 0.3 235 99.7 236
1995 Portugal 2200 31.2 4856 68.8 7056

(1): Corresponds to the spring fishery in Division IXa
(2): Corresponds to tbe summer and autumn Spanisb Fisheries and

auturnn Portuguese fisheries in Division IXa
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Table 11.3 Anchovy catches (t) in Division IXa by country and Subdivisions in 1995.

QUARTER 1 QUARTER 2 QUARTER 3 QUARTER 4 ANUAL
COUNTRY SUBDIVISIONS C(t) % C(t) % C(t) % C(t) % C (t) %

IXa North 12 0.2 1233 23.1 4043 75.9 42 0.8 5329 90.3
SPAIN IXa South 185 32.5 80 14.0 148 25.9 157 27.6 571 9.7

TOTAL 197 3.3 1313 22.3 4191 71.0 199 3.4 5900

IXa Central North 203 3.0 1989 29.6 1817 27.0 2716 40.4 6725 95.3
PORTUGAL IXa Central South 1 0.3 7 2.1 52 15.7 271 81.9 331 4.7

IXa South 0.00 0.0 0.04 66.7 0.00 0.0 0.02 33.3 0.06 0.0
TOTAL 204 2.9 1996 28.3 1869 26.5 2987 42.3 7056

IXa North 12 0.2 1233 23.1 4043 75.9 42 0.8 5329 41.1
IXa Central North 203 3.0 1989 29.6 1817 27.0 2716 40.4 6725 51.9

TOTAL IXa Central South 1 0.3 7 2.1 52 15.7 271 81.9 331 2.6
IXa South 185 32.5 80 14.0 148 25.9 157 27.6 571 4.4
TOTAL 401 3.1 3309 25.5 6060 46.8 3186 24.6 12956
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Table 11. 4 ANCHOVY in Division IXa. Effort data : Spain IXa South (Bay of Cadiz) and Spain IXa North (Galician South) number of

fishing trips.

SUB-DIVISION IXa SOlITH SUB-DIVISION IXa NORm
PURSESEINE PURSESEINE

BARBATE BARBATE SAN LUCAR I. CRISTINA I.CRISTINA VIGO . RIVEIRA

Year Single purpose Multi purpose Multi purpose Single purpose Multi purpose
No. fishing trip No. fishing trip

1988 3958 17 210 - - - .
1989 4415 39 234 - - · -
1990 4622 92 660 - - - -
1991 3981 40 919 . - - .
1992 3450 116 583 . - · -
1993 2152 5 225 - . - -
1994 1625 69 899 196 28 - -
1995 528 17 377 22 17 1537 252

Table 11. S ANCHOVY in Division IXa. Spain IXa South (Bay of Cadiz) and Spain IXa North (Galician South) CPUE series in commercial
fisheries

SUB-DIVISION IXa SOlITH SUB·DIVISION IXa NORm
PURSESEINE PURSESEINE

BARBATE BARBATE SAN LUCAR I. CRISTINA I.CRISTINA VIGO RIVEIRA
Year Single purpose Multi purpose Multi purpose Single purpose Multi purpose

kg/No. fishing trip kg/No. fishing trip
1988 1047 461 420 - . - -
1989 1139 534 943 - - - -
1990 1128 287 643 - - · -
1991 1312 339 456 - - - -
1992 819 173 300 - - - -
1993 641 268 225 - - · -
1994 1326 262 398 204 174 · -
1995 377 134 166 52 25 2509 2286
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Table 11. 6 Catch in nurnbers ('000) at age by half of the year of ANCHOVY in
Sub-division IXa North in 1995.

AGE 1st half year 2nd half year Total
0 0 0 0
1 51223 153482 204705
2 0 0 0

3 0 0 0
4 0 0 0

5+ 0 0 0

0-5+ 51223 153482 204705
Tonnes 1245 4084 5329

Table 11. 7 Length (crn) at age by half of the year of ANCHOVY in Sub-division
IXa North in 1995.

AGE 1st half year 2nd half year Total
0 0.0 0.0 0.0
1 15.2 15.7 15.6
2 0.0 0.0 0.0
3 0.0 0.0 0.0

4 0.0 0.0 0.0

5+ 0.0 0.0 0.0
0-5+ 15.2 15.7 15.6

Table 11. 8 Weight (g) at age by half of the year of ANCHOVY in Sub-division
IXa North in 1995.

AGE 1st half year 2nd half year Total
0 0.0 0.0 0.0

1 24.3 26.6 26.0
2 0.0 0.0 0.0
3 0.0 0.0 0.0

4 0.0 0.0 0.0

5+ 0.0 0.0 0.0

0-5+ 24.3 26.6 26.0
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Figure 11.1 Portuguese and Spanish annuallandings of ANCHOVY in Division IXa since
1943.
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12 DATA REQUESTED BY TUE MULTI-SPECIES WORKING GROUP

12.1 Mackerel

12.1.1 Catch in numbers at age by quarter for the North Sea mackerel stock

Tbe catch ofmackerel belonging to the North Sea stock has been included in the catches ofthe western stock in
Sub-area IV since 1987 and in Division IIIa since 1993.

No notable changes have taken place in the fisheries in Sub-area IV or Division IIIa in 1995 compared with
1994. Tbere have been no more egg surveys since the one in 1992 (Anon. 19931H:4) whieh confinned the
results ofsurveys in 1990 and 1991 indieating a very low but stable SSB. Therefore the total catch ofNorth Sea
stock mackerel was again assumed to 10,000 tonnes.

Tbere was no data available on the age structure of North Sea stock mackerel in the catch in 1995. The age
structure was therefore based on the 1992 data with some additional infonnation from 1993 (Anon.
1996/Asses:7).

The catch in numbers for the whole year was calculated by use ofthe mean weight in the catch of IV and IIIa for
the whole year. Tbe catch in numbers of North Sea mackerel for each quarter of 1995 was calculated using the
proportion derived from the total weight of mackerel in Sub-area IV and Division IIIa and the assumed weight
ofthe North Sea stock component, 10,000t. Tbe North Sea stock component fonned 3.1% ofthe total catch. Tbe •
total number of North Sea stock mackerel in each quarter was then distributed across the ages using the same
percentage distribution as feir 1993 (Table 12.1).

It should be noted that egg surveys were conducted in 1996 but that the results were not available to the 1996
Working Group.

12.1.2 Weight at age for the North Sea mackerel stock

Tbere were no new observations on weight at age in the stock for any period in 1995. Therefore the data
presented (Table 12.2) are the same as those given in 1995 (AilOn. 1996/Asses:7).

12.1.3 ·Stock distribution by quarter .

Tbere is no evidence of changes in the distribution in the North Sea therefore the Working Group have assumed
the same quarterly distribution of the stocks in 1995 (Table 12.3) as described in the previous report (Anon.,

. 1996/Asses:7).

12.2 Ho'rse Mackerel

12.2.1 Catch in numbers at age by quarter for the North Sea horse mackerel stock

As explained in the 1994 report of this Working Group (Anon.1995/Asses:5) the available sampIes [rom the
commercial fishery are not representative ofthe majority ofthe catch. Tberefore it is still not possible to provide
a reliable estimate ofthe catch in numbers at age.

12.2.2 Weight at age for the North Sea horse mackerel

As the sampIes weight at age for the North' Sea horse mackerel are only taken by division it is not possible to
give infonnation on weight at age by statistieal rectangles. Weights at age given in Table 12.4 are based on only
a few research vessel sampIes and commercial catches in Division IVb and IVc.

12.2.3 Stock distribution by quarter

The North Sea Horse Mackerel stock are known to migrate south for the Channel during the 4th quarter and to
be back in thc North Sea in thc 2nd quarter. The Working Group therefore considers that 50% and 10 % to be in
the North Sea during 4th and Ist quarter respectively.

•
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There is still no information about the numbers ofwestern 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 indicating very littIe migration. However, since then catches have increased to a maximum of 113,000t
in 1990, which is about 30% ofthe total western stock catch. In 1995 the provisional catch in Division IVa was
about 93,000 t (see section 6). This increase in the catch in Division IVa has been attributed to the influence of
the large 1982 year class.

With a continued high catch in this area there is no change in the advice about horse mackerel stock distribution
by quarter. The Working Group considers that 5% and 65% of the western stock horse mackerel were in the
North Sea in the second and third quarters ofthe year, respectively (Table 12.5).

Some information on the distribution of the earliest age groups, 0 to 2+, may come from the quarterly
distributions from the North Sea IBTS once these data become available to the Working Group.
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Table 12.1 Estimated catch in numbers ('000) ofNorth Sea mackerel stock in 1988·1995 by quarter.

Year·· 1988 Sum 1989 Sum 1990 Sum 1991 Sum
Quarter 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Age% 2.8 0.4 25.5 71.3 5.5 0.6 36.4 57.5 13.2 0.6 22.8 63.4 31.2 0.3 25.2 45.3
1 81 12 741 2,072 2,906 115 13 746 1,206 2,098 172 8 297 825 1,302 153 1 114 222 489
2 87 12 795 2,224 3,118 449 49 2,969 4,689 8,156 571 26 986 2,740 4,323 3,841 37 2,856 5,077 12,311
3 94 13 859 2,402 3,368 445 49 2,947 4,654 8,095 2,795 127 4,829 13,429 21,180 4,112 40 3,058 5,871 13,180
4 53 8 486 1,358 1,905 129 14 854 1,349 2,346 744 34 1,286 3,576 5,640 1,995 19 1,485 2,896 6,393
5 11 2 99 276 388 73 8 482 760 1,323 216 10 374 1,040 1,640 443 4 330 644 1,421
6 45 6 414 1,158 1,623 16 1 103 162 282 121 6 209 581 917 172 2 128 250 552
7 27 4 243 678 952 62 7 411 649 1,129 26 1 44 123 194 394 4 293 572 1,263
8 30 4 274 768 1,076 37 4 245 387 673 105 5 181 503 794 + + + + +
9 1 + 9 25 35 41 4 270 426 741 60 3 104 291 458 148 1 110 215 494
10 15 2 139 391 547 2 + 13 20 35 70 3 121 335 529 172 2 128 250 552
11 3 + 31 88 123 21 2 142 223 388 2 + 4 12 18 123 1 92 179 395
12 1 + 5 12 18 5 1 32 51 88 35 2 60 168 265 49 + 37 72 158
13 4 I 36 101 142 1 + 7 10 18 7 + 12 34 53 49 + 37 72 158
'4 2 + 22 61 85 3 + 21 36 59 + + + 1 1 25 + 18 36 79
5 16 2 146 403 567 27 3 178 280 488 51 2 89 246 388 98 1 93 143 316

w
w
N

Iear 1992 Sum 1993 Sum 1994 Sum 1995 Sum %
Quarter 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Age% 19.8 0.4 16.1 63.7 17.5 0.3 16.5 65.7 21 1 27 51 32.2 0.3 19.7 47.8
1 747 15 608 2,404 3,775 331 6 312 1,242 1,870 217 6 276 525 1,024 369 4 226 548 II 47 5
2 3,005 61 3,443 9,667 15,176 1,323 23 1,247 4,960 7,554 870 23 1,103 2,099 4,095 1475 16 905 2191 4587 20
3 2,444 49 1,987 7,863 12,344 2,315 40 2,183 8,681 13,219 1522 39 1,931 3,674 7,166 2582 27 1584 3835 8028 35
4 573 12 480 1,890 2,982 1,693 29 1,596 6,149 9,669 1092 28 1,384 2,635 5,139 1844 19 1131 2739 5734 25
5 359 7 292 1,154 1,812 562 10 530 2,108 3,210 370 10 469 892 1,741 627 7 385 931 1950 8.5
6 112 2 91 361 566 132 2 125 496 755 87 2 110 210 409 148 2 91 219 459 2.0
7 45 1 37 145 227 40 1 37 149 227 26 1 33 63 123 44 + 27 66 138 0.6
8 22 + 18 72 113 26 + 25 99 151 17 • 22 42 81 30 + 18 44 92 0.4
9 + + + + + 20 + 19 74 113 13 • 17 31 61 22 + 14 33 69 0.3
10 + + + + + + + + + + • • • • 0 + + + + + +
II 15 + 12 48 76 + + + + + 4 • 6 10 20 7 + 5 II 23 0.1
12 37 1 30 120 189 7 + 6 25 38 9 • 11 21 41 15 + 9 22 46 0.2
13 15 + 12 48 76 26 + 25 99 151 22 28 52 103 37 + 23 55 115 0.5
14 + + + + + 13 + 12 50 96 13 • 17 31 61 22 + 14 33 69 0.3
15+ 82 2 67 264 415 126 2 119 471 718 87 2 110 210 409 148 2 91 219 459 2.0

•
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Table 12.2 Mean weight at age (g) by quarter in the North Sea mackerel stock and mean weight in
the catch.

Age
Quarter

Mean weight
in catch

1 2 3 4

1 180 140 180 180 180
2 210 255 240 210 215
3 240 330 280 240 250
4 260 395 330 260 275
5 300 450 375 300 320
6 325 500 420 325 350
7 355 540 465 355 380
8 380 570 510 380 410
9 410 605 550 410 445
10 435 635 585 435 470
11 465 670 620 465 500
12 500 700 650 500 535
13 530 730 680 530 565
14 560 765 705 560 595

15+ 590 790 720 590 620

Table 12.3 Percentage of mackerel present in the North Sea by age, quarter and stock.

Age
North Sea stock Western stock

1 2 3 4 1 2 3 4

1 100 100 100 100 - 20 30 30
2 80 100 100 80 10 10 50 70

>2 90 100 50 70 10 + 50 70
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Table 12.4~ Mean weight at age (g) by quarter in the catches of North Sea horse mackerel
in 1995. The numbers of fish analysed per age group are given in ( ).

Age Quarter 1 Quarter 2 Quarter 3 Quarter 4

1 no data no data no data no data

2 no data no data no data 76 (9)

3 no data no data 96 (2) 124 (6)

4 no data no data 145 (14) 124 (9)

5 no data no data 158 (40) 123 (7)

6 no data no data 160 (42) 144 (11)

7 no data nodata 181 (44) 160 (14)

8 no data no data 161 (16) 167 (14)

9 no data no data 183 (10) 178 (12)

10 no data no data 174 (2) 174 (10)

11 no data no data no data 174 (6)

12 no data no data no data no data

13 no data no data 232 (3) 221 (15)

14 no data no data nodata 235 (1)

15+ no data no data 188 (2) 347 (11)

TabJe 12.5 Percentage of each horse mackerel stock assumed to be present in the
North Sea by quarter in 1995.

North Sea Stock Western Stock

1 2 3 4 1 2 3 4

I Age 1-4 10 100 100 50 0 0 0 0

Age5+ 10 100 100 50 0 0 5 65
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13 CLOSED AREAS

13.1 Mackerel Box (Proteetion of Juveniles)

General

It was not possible to prepare a full and comprehensive review of the possible effeets of different closed areas to
proteet juveniles in the time available. The Working Group reeommends that if a detailed evaluation of area
closures is required, a speeialist group should be eonvened to address the topie and appropriate resourees be
alloeated.

An area otTthe south-west eoast ofthe UK, eommonly known as the SW Maekerel Box, has eurrent restrictions
on fishing for mackerel. The area is bounded by the following eo-ordinates:

- a point on the south coast of England at 02°00'W.
- latitude 49° 30'N, longitude 02° OO'W.
-latitude 49° 30'N, longitude 07° OO'W.
-latitude 52° OO'N, longitude 07° OO'W.
- a point on the west eoast ofWales at latitude 52° OO'N.

The restrictions were imposed in 1989 in order to reduce the fishing effort on juvenile mackerel which were
abundant in the area. The only targeted maekerel fishing permitted is for vessels fishing with gill nets or
handlines. This fishery is regulated bya quota (1,804 tonnes in 1995). Mackerel mayaIso be taken legally inside
the box as a 10% or 15% by-eateh in pelagie fisheries targeted at other species. A Dutch human eonsumption
fishery, targeted at horse maekerel, and a Danish industrial fishery for pilchards and horse maekerel, regularly
take plaee inside the box. In 1994 the by-eateh of maekerel, from inside the box, in the Duteh and Danish
fisheries was an estimated 2,200 tonnes. A further 1000 tonnes was reported from reetangles immediately
outside the box.

The UK fishery, in 1994, reported 1,651 tonnes of maekerel from inside the box, taken mainly by handliners. In
reeent years pilchards have beeome more abundant in the area. This has led to an inereased etTort by UK mid­
water trawlers and purse seiners whieh generates a small by-eateh ofmackerel inside the box. A total of 18,161
tonnes ofmaekerel was taken by the UK pelagie fleet from the reetangles immediately outside the box.

Mackerel Box SurYe)'s and Sampling

The last surveys, to determine the proportion and abundanee ofjuvenile maekerel inside the restricted area, were
earried out in Jan./Feb. 1990 and in Jan. 1991. In addition UK landings from the area have been regularly
sampled. Areport was presented to the Working Group (Nichols et al., WD 1996) on the results of the most
recent survey ofmackerel within the SW mackerel Box. The survey was earried out on a eommercial mid-water
trawler during Deeember 1995 and January 1996. The vessel was permitted to fish commercially and the eatches
were sampled for length, weight, age and maturity.

The results showed that the pereentage immature maekerel, in the eatches was over 70% by number and 58 ­
60% by weight. These figures eompare with 91 % immature by number in the 1990 survey and 60% by numher

. in the survey, earried out on the same eommereial vessel, in 1991. Commerciallandings into the UK from ICES
Division Vlle, in the last quarter of 1995 and the first quarter of 1996 showed that the pereentage juvenile
maekerel by number was still high at 44% in the last quarter 1995 and 56% in the first quarter of 1996. Division
Vlle eontains the maekerel box and the reetangles immediately outside it. The total international eateh from
Divisions Vlla,e-h for the first and last quarters of 1994 also show a high pereentage of juvenile maekerel, 55%
and 48% by number respeetively. A summary of the relevant eatch data presented in the Working Doeument is
presented in the text table belaw.
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Summary of all catch data for percentages of mackerel mature and immature with the SW Mackerel Box.

Percentage by-
Data Source Numbers Numbers Weight Weight

Mature Immature Mature Immature

Marbella Survey Jan/Feb 1990

(by length) 9.3 90.7

Silver Harvester Jan. 1991

(byage) 39.9 60.1

Commercial catches Vlla, e-h

(by age) Q I 1994 45 55 58 42

(by age) Q4 1994 52.2 47.8 56.1 43.9

Commercial catches Vlle

UK landings to E&W

(by age) Q4 1995 56.5 43.5 61.8 38.2

(by age) Q I 1996 44.4 55.6 50.9 49.1

Silver Harvester 1995/96 Survey

(by length) Q4 1995 23.6 76.4 39.6 60.4

QI 1996 23.7 76.3 38.1 61.9

(by age) Q4 1995 26.95 73.05 42.35 57.65

QI 1996 28.8 71.2 41.5 58.5

The length compositions of the catches of mackerel from the handliner fleet fishing inside the box during the
1995/96 season were also examined. These were compared with the length compositions of the catches of
mackerel from commercial pair trawlers fishing immediately outside the mackerel box. These data showed that
generally the handliners select significantly larger mackerel than those taken by the pair trawlers.

Present information confirms that large catches of juveniles have consistently been taken in Division VII a, e-h,
and that, had fishing been permitted within the SW mackerel box an even greater number of juvenile fish would
most likely have been caught. There is therefore strong justification for retaining the mackerel box.

•

Information from the North-West Irish Fishery

Additional information was provided to the Working Group on the details of catches of mackerel in Divisions •
Via (South) and Vllb. These have increased considerably in recent years from Division VIa South and Division
Vllb - mainly during the fourth quarter. In 1995 over 16 000 t of mackerel were recorded from this fishery
which takes place e10se to the Irish coast. Data from the fishery were presented in a working document (Molloy,
1996). The distribution of the catches during the fourth quarter of 1995, according to the log sheets, is shown in
Figure 13.1. The distribution is similar to that of previous years. The main catches are taken from Statistical
Rectangles 39E I, 38E I ,38EO and 37EO which together constituted over 12,000 t. Smaller catches of similar
mackerel are taken from other squares in these Divisions and also in the adjacent Divisions VIIj and VIIg.

Biological data is available from this fishery since 1986. The age distributions of the catches from 1986, together
with the catches in tonnes, are shown in Table 13.1. In general the catches are composed of young mackerel in
the age groups 1-4. These age groups have always comprised over 86% of the total catch in numbers from the
area. In some years (1993 and 1995) O-group mackerel were present in the area and were taken in the directed
trawl fishery for mackerel. O-group mackerei, from the very strong \987 year c\ass, were taken in \987 as a by-
catch in the herring fishery but there was no directed mackerel fishery in that year. The length distribution ofthe
catches indicate that approximately 50% of the fish were under 33 cm.
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It is not possible to determine whether the increased catches from this area are a result of a change or an
expansion of the area normally inhabited by these small fish or whether they are as a result of an increased
effort. Certainly, in 1994 and 1995 a number of large Irish vessels, which normally fish in the North Sea during
the fourth quarter, took part in this fishery. Local fishermen report that there has been a notable increase in
mackerel shoals in the area in recent years.

The Working Grou),) would be concemed at any continued exploitation of young mackerel in this area
particularly at the catch level of 1995. It is important therefore to ensure that this fishery should continue to be
c10sely monitored and that adequate biological information should be collected.

\Vorking Group estimates of catches of junniles by area

In order to compare the proportions of juvenile mackerel in the landings from other areas the Working Group
examined the available information from 1991 to 1995 for Divisions IVa, Via, VII b,cJ,k, VII a,e,f,g,h, VIII
a,b,d, Vlllc and IXa in quarters I and 4 when the major fishery takes place. Some data were also available for
Via South. The percentage of 0, land 2 year olds in the landings from each of those divisions and the total
weight landed, are presented for quarter I in Figure 132 and for quarter 4 in Figure 13.3.

These show that the main areas and periods when juvenile fish are caught are in Quarters I and 4 in Divisions
IVa and in Division VIIa,e,f,g,h in both Quarter I and Quarter 4, and possibly also in Via South. A smaller
quantity is caught in Via in hoth quarters. The IVa fishery catches juvenile fish as a small proportion ofthe total

• catch. making it impractical to reduce mortality on juveniles by management measures in this area.

Figure 13.4 shows the landings by year by Division for the period 1991-1995, as numbers and percentage of
juveniles (0, I, 2 years old) and total weight landed, all ages, in tonnes. This shows that there is an increasing
trend in the catches of juveniles in Divisions VIIa,e,f,g,h with the highest catches being taken in 1995. These
data suggest strongly that management measures intended to protect juvenile mackerel in this Division, should
not be relaxed but may rather need to be strengthened.

Catches ofjuveniles in Via are also high and have been increasing in the fourth quarter. and have also been high
in IXa. In both these areas, the proportion ofjuveniles in the catches has been high.

Conclusion

•

Information presented here suggests that it would be unwise to ease any of the existing restrictions which offer
some protection to juvenile mackerel. The present mackerel box should therefore be retained, and if possible
measures to strengthen its effectiveness should be explored, such as improving policing, reducing the by-catch
from industrial fishing, and extending the boundaries. Furthermore, the high proportion of young fish in the
catches in Divisions Via and IXa suggest that improvements in yield per recruit (by reducing the exploitation of
younger fish) may be achievable by some restrictive measures in those areas also. Such measures would also be
helpful in aiding the recovery of the spawning stock biomass from present historic low levels at a time "....hen a
recruitment has been poor. The Working Group was not able to explore such management options.

13.2 Closure of areas to protect junnile sardine

The Working Group were asked by ACFM to define the data and information requirements for evaluating and, if
possible carry out an evaluation of, the effects of an area c10sure or c10sures to protect juvenile sardine. taking
into account different scenarios ofrecruitment and fishing mortality levels. The Working Group has pointed out
the lack oftime necessary to give an adequate consideration for this subjecl. Therefore. and taking into account
further management proposals deriving from this work, this should be considered as a preliminar evaluation and
any conc1usions must be regarded with caution.

Nevertheless the available information about sardine biology and sardine fisheries has been collected and
evaluated.
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Distribution ofthe recruitment areas

The annual recruitment of sardine usually occurs in the Sub-divisions IXa Central North and Central South from
the 3rd quarter of each year to the end of the 2nd quarter of the next year with a marked peak from August to
NovemberlDecember and a less marked one from February to March!April (lCES, 1980, 1982, Pestana, 1989).
This can also be assumed for the whole Iberian Atlantic stock.

From the percentage ofjuveniles (0 age-group) in the catch data during the 3rd and 4th quarters in 1992-1995 it
can be seen that they mainly occur in Sub-divisions VlIIc West, IXa North, Central-North and Central-South.
During the 3rd quarter there is a northward increasing trend of juvenile catch abundance while during the 4th
quarterthis trend is southwards (Figures. 13.2.1 and 13.2.2).

The results of acoustie surveys carried out since 1984 by Portugal and Spain, mainly those during the
recruitment season, also confirm that these are the main juvenile distribution areas of the Iberian Atlantic stock
(Pastor el al., 1985, 1986, Dias el al., 1987, 1988, 1989, WD 1996, Soares, 1995, Marques el al., WD 1996,
Porteiro el al, 1994, 1996).

Off the Portuguese coast sardine juveniles (0 age group) are usually distributed in shallow waters near the coast
(~50m depth) (Dias el al., 1989; Soares, 1995). Sub-division IXa (Minho river-Nazare) has been identified as a
preferential distribution area of sardine juveniles (Dias el al., 1989). Off the Sub-division IXa Central South
(Nazare-Sagres) juveniles were usually detected between the northem boundary of the area and cape Espiehel,
mainly in the area of Tagus estuary between Capes da Roca and Espichel. In these areas juveniles mainly occur
in summer and in winter (Soares, 1995). Unlikely adults, they do not undertake any diel vertical migration
remaining in midwater layers.

The Gulf of Cadiz also seems to be an area of occurrence of juvenile sardine. More than 60% of the abundance
of j~veniles estimated in the acoustic surveys carried out in May-June 1995 and in June-July 1996 were
distributed in this area (Marques el al., 1996).

Distribution ofthe Sardine Fishery

As it was pointed out in Section 8.3, 57% ofthe total catches comes from Sub-divisons IXa Central North and
South. Table 13.2.la,b,c and d show the catch in numbers at age by quarter and by Sub-division. In addition,
quaterly distribution of O-group in 1991 and 1992 are shown in Figures 13.3a,b and c. In 1992 during the third
and fourth quarter, 80% ofthe O-group was caught in IXa North and Central North (South ofSpain and North of
Portugal). In 1993, catches ofO-group mainly occurred in Sub-division VlIIc East during the third quarter and in
Sub-division IXa during the fourth quarter. This pattern was similar to that of 1994 whereas in 1995 catches of
O-group occurred in IXa Central South. This information agrees with the information gathered about O-group
during the acoustic surveys carried out for both Portugal and Spain (Figure 13.2.4).

Taking into account this information, it may be concluded that the most important areas ofrecruitment where the
sardine fishery is fully developed seems to be in northem part of Sub-division IXa Central South and IXa
Central North and the IXa North.

Medium-term projections

On the basis ofthe assessment performed in Section 8.10, the deterministic projections were performed over 5
year. The :values of fishing mortality chosen were Fbllf'=Fbar9S• F=O and Fbar=0.22. The last value was selected
according to Section 8.17.2. This value is an appropriate target fishing mortality once the stock has reached
MßAL. In addition three different scenarios ofrecruitment were selected, 1) the historical geometrie mean as the
highest recruitrnent level (6649 million fish), 2) the geometrie mean ofthe last 8 year (3233 million fish) and 3)
recruitments estimated by fitting a Beverton & Holt stock-recruitment The fitted model is described in Section
8.13. Duc to the state of this stock, the last two options seem to be more realistic than the historieal geometric
mean.

Projections were carried out in whieh fishing mortality for age group 0 was removed. Similar projections were
carried out with the normal value of fishing mortality for age group O.

•

•
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The input data for the "Beverton & Holt" projection are given in Tables 13.2.1a and b. In Table 13.2.la the
exploitation is set to zero on O-groups.

A total of 15 projections were perfonned (Tables 13.2.3a,b,c,d and e). Figure 13.2.5 shows the trends in
spawning stock biomass and landings for the different scenarios.

The spawning stock biomass follows almost the same trend when the fitted Beverton & Holt model is applied for
all the scenarios. At this level of recruitments, the probability that the stock will recover is low, even for a full
fishery c1osure. Only projections made with a fixed recruitment level shows an increasing trend in spawning
stock. Differences between the predicted spawning stock biomasses seem to be important when the recruitments
are fixed at levels higher than 3233 million fish (Figure 13.2.6). This plot shows the evolution ofthe difference
between the spawning stock biomass generated as a result ofno fishing mortality at age 0 (i.e. full closed area of
recruitment) and those which have F=O.II72 for age 0 for the differents scenarios.

In relation to the predicted landings, the same kind of plot was used to shows the trends of the differences
between the expected landings \vhen the fishing mortality for age 0 is fixed at 0.1127 and those when the fishing
mortality at age 0 is nil. In this case, the projected catches when F=O at age 0 using the fitted Beverton & Holt
model could be higher than those when F=0.1127 for age O. The other scenarios of recruitment shows the same
trend. The difference in landings between the two levels of fishing mortality at age 0 might by lower than 4
thousand tonnes for all the values ofreference fishing mortality.

From this it may conc1uded that:

a) Even if the fishing mortality is reduced to 0, there will be no expected improvement in the situation of the
stock. Therefore the imposition of c10sure areas to protect juvenile sardine is not a sufficient management
measure by itselfto allow the stock to recover.

b) In a medium tenn, this management option will produce the same levels of landings which those predicted
when the fishing mortality at age 0 is retained at the same level as in 1995.

As it was pointed out in Section 8.17.2, in the present situation, where the stock is weIl below MBAL due to a
succession ofpoor year c1asses, the stock will remain below MBAL until a better year c1ass appears. In addition
to keeping the fishing mortality at the lowest possible level, special care should be taken to protect juveniles in
order to take full advantage ofa better year c1ass, once it appears.
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Table 13.1 Age distribution ofIrish mackerel catches in "Iocal fishery". Quarter 4.
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Table 13.2.1a Catch in numbers ('000) at age by quarter and by sub-division of SARDINE in 1992,

1991 VIII. East VIII. West IXa North IXa C.ntr-N IXoCentr·S IX, Soulh All arees
l'stQ l'slQ l'stQ I'slQ I'slQ I'stQ l'stQ

AR. ••tchl'Oool c,lch,'oool c'tchroool c.tch{'ooO\ c,lch,'OOOI c.tchrOoo\ c,lch 1'000\
0 0 0 0 0 0 0 0
I 6,585 217 9,832 49,255 ~,485 618 123,002
2 2,411 1,746 794 2,445 50.285 8.m 65.932
3 4.664 2.792 704 7,187 32,819 18.900 67,066
4 3.309 1,71\ 307 5,3l3 27,200 22,168 60,048
5 IO,S83 4.130 658 841 7,214 7,928 31,354
6 2,4OS 997 125 63 39 1,197 4,826
7 2,412 943 132 0 0 0 3.487
8 I,30S 303 29 0 0 0 1,637

9 6.744 1.405 I~ 0 0 0 8,305
10 847 141 14 0 0 0 1,112
11 789 132 11 0 0 0 932
12 189 22 I 0 0 0 212
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

IS<- o 0 0 0 0 0 0
TolJiJ 42.243 14,649 12,773 65.144 174.042 59,002 307,913

Tonnes 3.004 1058 421 2158 6882 2.981 16504

VIII. East VlllcWesl IX. North lXaC.:ntt-N IX.C.ntr-S IX, Soulh All ateas

TndQ TndQ 2'ndQ 2'ndQ 2'ndQ 2'ndQ 2'ndQ
A•• c.tchI'Ooo) c",chrooO, calchl'ooo\ catchrOool c,'chI'OOO\ calchrooO\ c,'ch 1'0001

0 0 0 0 0 0 0 0

I 1.708 S1.71Il 76,289 105.700 14,575 23,606 m,ns
2 2,,9S7 13,812 13.833 26.617 39,790 24,069 121,078

3 2.799 6,727 6,589 14.533 36.163 1I,69S 711,500
4 1,431 2,300 2,210 19.693 24,190 3,589 53,413

5 3,370 5,001 4,542 6,040 7,982 413 27,348
6 752 1,192 810 267 1,Sll1 84 4,686

7 728 1,102 9SS 40 0 0 1.825
8 204 334 1S7 0 0 0 695
9 1,189 1,648 I,OS2 0 0 0 ),1l89

10 lSl 242 128 0 0 0 521
11 132 189 68 0 0 0 3S9
12 28 67 8 0 0 0 103

13 0 0 0 -0 0 0 0
14 0 0 0 0 0 0 0

IS<- o 0 0 0 0 0 0
TolJiJ 1S,449 84,39S 106,641 172,9S6 124,281 63,4~ ~7,178

Tonnes 1.183 4.676 5.288 8.038 6.S73 2.800 28.SS8

VIII.East VIII.Wesl IX, North IX.Centr-N IX,Centr·S lXaSoulh All arcas
)',dQ 3"dQ )',dQ 3',dQ 3',dQ 3',dQ 3',dQ

A•• calchrOOOl co,chI'OOO\ CalchrOoo\ calchrOOO) c.lchrOOO\ c,lchrOOO) .,Ich 1'000)

0 10,586 23,053 199,512 60.051 1,163 593 294,958

I 5,029 66,981 40,934 115,475 38,200 38,294 304,913

2 902 6,586 2,825 57,320 ~.089 6,719 130,441
) 3,361 10,588 3,788 25,114 49.263 1,636 93,750
4 1,876 5,137 1,796 15,651 8,974 93 33,527

5 6.815 13,161 4,314 2,030 424 0 26,744

6 1,574 2,967 804 287 9\ 0 5,723
7 1,524 2.171 765 333 0 0 4,793

8 \.029 944 337 0 0 0 2,310

9 4.020 2,865 972 0 0 0 7,857

10 252 150 61 0 0 0 463

11 475 99 26 0 0 0 600

12 107 7 0 0 0 0 114

13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

IS<- o 0 0 0 0 0 0
TolJiJ 37,550 134,709 2S6,I34 276,261 154,204 47,335 906,193

Tonnes 2.684 7.527 6.618 14,430 9,359 2.196 42.814

VIII. Eas' VlllcWest IX,NoN' IXaCcntr-N IXa Centr-S lXa South All areas
4'thQ 4'thQ 4'th Q 4'lhQ 4·thQ 4'thQ 4'thQ

Ag. c,IchrOOO) c.lchrOOO) calchl'Ooo\ calchl'oool Calchrooo) Calchrooo) calch 1'000\
0 74 1,096 68.889 124,197 1,024 27 195,307

I 427 25,574 35.489 149,686 60.980 11,060 283.216
2 i02 2.268 1,704 44,234 34,138 22.870 105,916
3 3.078 4.262 2,338 30,559 15,833 11.921 77,991
4 1,980 2,144 976 14,964 4,381 3.801 28,246
5 8,188 6.504 2,329 2,984 691 1,790 22,486
6 1,~3 1.628 379 I 0 325 3,896
7 2,357 1,358 54) 122 0 0 4,378
8 1,852 676 220 0 0 0 2,748
9 7,973 2,549 760 0 0 0 11.282
10 212 152 45 0 0 0 409
11 1,257 24S 28 0 0 0 1.530
12 725 124 8 0 0 0 8S7
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

IS<- o 0 0 0 0 0 0

TOlal 30,388 48,580 113,700 366,747 1\7,047 61,794 738,262
Tonn~ 2.R:!8 3,200 ~.2~2 1.,.O~,1 7.lS4 3689 38.177
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TabJe 13.2.tb Catch in numbers ('000) at age by quarter and by sub-division ofSARDINE in 1993.

1993 Vlile f .., VllleW.., IX. Notth IX. Centr-N IX. CeN'~S IX. South AII.re.
l'lt Q I'" 0 1'11 0 1'11 0 1'11 0 1'., a 1','0

A". clrcM!'COOl el1<"I'OOOI cltehrOOO) Cltenl'OOOl c.te~I'COOl eatenrOOOI eeren {'0001
0 0 0 0 0 0 0 0
1 2,962 14,038 24.262 28.466 36.443 481 107.641
2 3.610 3.183 16,024 18,883 38,139 10,898 97.437
3 2.763 2.494 7.439 6,078 34,449 11.872 85.084
4 3.200 1.392 2,482 3.227 15.571 13.440 39.312
6 4.643 1,299 2,092 2,068 10.603 4.824 25.219
8 7.887 1.798 1.888 699 3,482 2,664 18.098
7 1.474 300 410 87 664 863 3,498
8 1.870 329 406 0 0 0 2.806
9 1,617 78 36 0 0 0 1.730

10 8.209 711 421 0 0 0 7.341
11 961 91 49 0 0 0 1.091
12 1.292 102 40 0 0 0 1.434
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

16. 0 0 0 0 0 0 0
To," 38,078 25,806 54.547 60,287 137.231 44,642 360,490

Tol"'lt"'l8 3.193 1039 2407 2 108 6936 2.340 17.020

Vlllc e..t VlllcWnt IX, Nort" IX. contr'NIIX. Contr·S IX. Sout" AU"e_
2''''; 0 2''''; 0 2''''; a 2''''; 0 2''''; 0 2''''; 0 2''''; 0

Aco eltel"lrOOOl eatehrOCOl cltCl"l("OOOl eltehrOOOl e.tc:hrOOOl e"e"/'OOOI eo'eh 1'0001
0 0 0 0 0 0 0 0
1 6.125 13.027 69.288 76.397 7,387 3.060 173.274
2 2,221 ~ 6,626 74, I 36 110,118 13,263 27.168 242,421
3 1,206 10,474 31,086 28,109 38,342 24,020 131.~3e

4 1.176 6,641 6,696 11.211 37.368 11.722 74.804
6 1,233 6.216 6,664 7.378 16.806 3. 118 40.314
6 1.740 6.809 3,978 1,149 1.932 1,094 16.702
7 329 1,417 979 38 935 311 4,009
8 347 909 1,283 0 0 0 2.619
9 166 362 12 0 0 0 629

10 883 2,003 240 0 0 0 3.106
11 116 308 46 0 0 0 488
12 170 336 8 0 0 0 513
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

16 - 0 0 0 0 0 0 0
Total 14.879 84.028 193,296 231,400 118,022 70,473 888.686

Tonne 690 3797 9.326 9428 6954 3057 32.460

Ville f .., VlllcW..t IX. No"" IX, C.ntr~PI.I IX, Centr~S IX.South All.,...
3'rd 0 3'rd a 3'rd 0 3'rd 0 3'rd 0 3'rd 0 3'rd 0

Aco elfeh('COO) e.'ohl'OOOI oo'ohl'OOOI o.'Ch/'OOOI ol1oh('OOOI ••,ehI'OOOI el1eh 1'0001
0 22 37.786 2.921 670 3,816 27 44.923
I 1.602 12,201 41.827 30.391 2,289 6.380 33,870
2 4.974 32.214 62,404 109,711 81.191 68,319 348.813
3 3.819 19.141 19.179 98,640 66.380 14,192 208,261
4 2,649 10.122 6.638 30,478 27.900 2,816 79.198
6 1,710 8.374 2.818 10.683 8.642 170 27,976
8 3.278 8.082 3.637 1.862 1.340 170 18.239
7 601 1.308 289 0 83 0 2. '39
8 944 1,432 364 0 40 0 2,770
9 398 663 149 0 0 0 1, I 08

10 1.037 1,949 374 0 0 0 3.360

" 288 811 76 0 0 0 975
12 230 304 91 0 0 0 826
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

16. 0 0 0 0 0 0 0
To,. 21,460 132.044 129.333 280.103 188.263 80.863 332.046

T.,.",. 1.886 7 437 7.365 16.738 10.044 3.712 48,149

Wie f .., V1l1eW... IX, Nonn IX. Centr·T>.j IX. Cantr-S IX. Soutn All At._
4',hO 4"h 0 4"h 0 4'Ih 0 4"h 0 4"h 0 4',,, 0

Ac. clrcnf'OOOI Clteh('OOOI elteni'OOOl ~.te"I'OOOl e.t:t'lfOOOI eetcl"tl'OOOl e.ten 1'000)
0 88 11.570 2.639 .361 27.778 469 42.986
I 3.606 5.981 19.639 86.643 85.540 7,148 187,536
2 7.392 17.521 31.248 220.341 66.162 40.493 372,147
3 4.812 11.:)68 13.920 30.334 18.906 18,867 97.887
4 2.970 8.040 5,022 17.740 12.677 7.546 61.896
5 2.063 3,946 2.491 7.233 \,289 372 17.383
8 3.279 6.947 3,419 Ja3 93 138 13.269
7 539 927 360 383 0 0 2.~09

8 a08 1,462 671 :> 0 0 2.831
9 342 627 219 01 :> 0 1.18BI

10 1.39S 2.438 349 0 ~ 0 4. I 921
11 321 811 114 ~ 0 0 '.11 2
12 17 I 301 180 0 :> 0 532
13 :> CI 0 0 : :> :>
14 0 0 0 0 C 0 0

'5· ~ 0 ~
, , ,

~

Tot.' :: 7,7') 1 '38.468 90.041 ~e2,eJ8 181.316 16.023 m,23~1
1"'~,..Nt ~ 013 4.262 48' 8 ZO,O~ S a 028 4 C61 '3.' 78
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Table 13.2.1c Catch in numbers ('000) at age by quarter and by sub-division of SARDINE in 1994.

-----

•

•

1994 Vlllc East Vlllc West IXa North Xa Centr- Xa Centr· IXa South All areas
1'st Q 1'st Q 1'st Q 1'st Q 1'st Q l'st Q 1'st Q

AQe catch('OOO atch('OOO lcatchl'OOO atch('OOO atchl'OOO atch('OOO catch ('OOOl
0 0 0 0 0 0 0 0
1 157 199 913 0 3,045 337 4,651
2 4,058 8,402 25,499 3.030 13,874 12,053 66,916
3 9,859 14,616 25,384 14.367 55,691 28,439 148.357
4 4.285 3,424 3,061 6,271 32,108 10,051 59,201
5 8.886 3.752 2,182 3,197 19,382 4,672 42,070
6 4,718 1.673 937 2,006 2,320 1.277 12.930
7 6,166 1,851 897 395 1,018 124 10,452
8 1,159 320 163 0 0 0 1.642
9 2.392 448 116 0 0 0 2,956
10 670 104 11 0 0 0 786
11 954 137 18 0 0 0 1,109
12 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15+ 0 0 0 0 0 0 0
Total 43,306 34,926 59,183 29,265 127,438 56,953 351,070
onne 3.366 2,191 3.096 1,667 6.252 2.742 19.314

Vllic East Vllic West IXa North Xa Centr· Xa Centr- IXa South All areas
2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q

AQe atch('OOO atch('OOO atch('OOO atch('OOO atch('OOO atch('OOO catch 1'0001
0 0 0 0 0 0 0 0
1 4 85 914 709 17,658 0 19,369
2 745 8,216 35,636 24,353 12,114 8,761 89,826
3 1,695 17,453 35,538 98,497 42,341 51,148 246,672
4 504 3,994 4,029 11,089 17,456 13,122 50,193
5 734 4,166 2.267 2,941 5,852 2,014 17,973
6 351 1,763 893 1,127 789 118 5,040
7 425 1,872 599 185 92 0 3,173
8 63 316 117 211 0 0 706
9 119 381 61 0 0 0 561
10 25 66 4 0 0 0 95
11 37 112 12 0 0 0 161
12 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15 + 0 0 0 0 0 0 0
Total 4,701 38,423 80,070 139,110 96,301 75,163 433,768
onne 366 2.800 5.023 7.044 4.753 3.709 23.695

.'
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Continued.••

Table 13.2.1c Catch in numbers ('000) at age by quarter and by sub-division of SARDINE in 1994.

"

VllIc East VlIlc West IXa North Xa Centr- Xa Centr- IXa South All areas
3'rd Q 3'rd Q 3'rd Q 3'rd Q 3'rd Q 3'rd Q 3'rd Q

Age '"'atchl'OOO atch('OOO atch('OOO atch('OOO atch('OOO atch('OOO catch ('0001
0 0 4,505 7,190 393 12,196 0 24.284
1 475 1.547 6.046 743 5,868 0 14.678
2 6,357 22.142 23,471 99.383 54.583 32.264 238,199
3 7.010 24.578 13,260 173,310 82,204 37.668 338.030
4 1,890 5.786 2,513 20,035 24,271 9,489 63,984
5 1,216 2.881 832 5,417 3.642 727 14,714
6 973 2,171 754 2,720 477 0 7,095
7 1,258 2,452 974 155 0 0 4.839
8 109 234 64 155 0 0 561

.9 85 228 52 0 0 0 365
10 24 67 36 0 0 0 127
11 45 93 19 0 0 0 157
12 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15+ 0 0 0 0 0 0 0
Total 19,440 66.683 55,210 302.313 183.241 80,147 707,035
onne 1.663 5.224 3.464 19,524 9.920 4,978 44.773

Vlllc East Vllic West IXa North Xa Centr- Xa Centr- IXa South All areas
4'th Q 4'th Q 4'th Q 4'th Q 4'th Q 4'th Q 4'th Q

Aqe lcatchl'OOO atchl'OOO r-atchl'OOO atch('OOO atchl'OOO atchl'OOO catch 1'0001
0 7 12,646 4,812 13,593 65,454 0 96,513
1 284 998 7,354 5.450 7,408 0 21,494
2 6.888 16.336 26,008 31.304 42,646 9,040 132,222
3 9,365 18,955 19,104 201,195 56,877 19.887 . 325,384
4 2,935 5.038 4.053 55,502 10,766 9,792 88,087
5 2.035 3.030 1,679 6,684 4.202 14,248 31,878
6 1,947 2,319 1,403 1,203 1.874 1,434 10,182
7 2,282 2,805 1,525 0 0 0 6,613
8 202 279 152 0 0 0 633
9 138 191 108 0 0 0 437
10 52 88 87 0 0 0 227
11 89 119 36 0 0 0 245
12 0 0 '0

.
0 00 0

13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15+ " 0 .' " 0 . , 0 . .0 0 . 0 'o' .. 0
Total 26,226 62,806 66,323 314,931 189,227 54,401 713.914
onne ·2,306 .. 4.263 4.567 20.901 9,465 3.513 45.015

. .... .. ..

Vlllc East Vlllc West IXa North Xa Centr- Xa Centr· IXa South All areas
1:4 Q 1-4 Q 1-4 Q 1-4 Q 1-4 Q 1-4 Q 1-4 Q

AQe atch('OOO atchl'OOO atchl'OOO atchl'OOO atch('OOO atch('OOO catch ('0001
0 7 17,151 12,003 13,987 77,650 0 120,797
1 920 2,829 15,228 6,901 33,979 337 60,194
2 18,048 55.096 110,614 158.070 123,217 62.118 527,163
3 27,929 75,603 93,287 487,368 237,114 137,142 1,058,442
4 9,614 18.243 13,656 92,897 84.601 42,454 261,466
5 12,870 13,828 6,960 18,239 33.077 21,660 106,635
6 7,989 7,926 3,988 7,057 5,459 2,828 35,247
7 10,132 8,980 3,995 735 1,110 124 25,076
8 1.533 1,148 495 366 0 0 3.543
9 2,734 1,248 337 0 0 0 4,319

10 771 325 138 0 0 0 1,235
11 1,125 461 85 0 0 0 1,672
12 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15+ 0 " .. 0 0 ·.··.0 ., 0 . 0 . 0
Total 93.673 202.839 260,786 785.620 596,207 266.664 2,205,787
onne . 7.701 14,478 16.150 49.136 30.390 14.942 132.797

•

•
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Table 13.2.1d Catch in numbers ('000) at age by quarter and by sub-division of SARDINE in 1995.

1995 Vllic East Vllic West IXa North IXa Centr-N IXa Centr-S IXa South All areas

1'st Q 1'st Q 1'st Q 1'st Q 1'st Q 1'st Q 1'st Q

Aoe catch('OOOI catch('OOOI catch('OOO) catch('OOOI catch('OOOI catch('OOOI catch ('000)

0 0 0 0 0 0 0 0

1 26 416 1.015 373 17,068 3.346 22,244

2 527 707 2,168 441 12.026 6,656 22.525

3 7,713 8,039 10.319 7,561 49.797 18.795 102.223
4 8,801 8.289 8,223 16,291 52.011 33,279 126,894

5 3.012 1.653 1.239 2,881 8,428 2,887 20.100

6 3,191 1,066 775 1,008 1.302 198 7.539

7 1,825 698 409 233 45 36 3.246

8 2,585 543 193 0 0 0 3,321

9 363 87 25 0 0 0 415

10 457 113 50 0 0 0 620

11 701 122 40 0 0 0 863

12 0 0 0 0 0 0 0

13 0 0 0 0 0 0 0

14 0 0 0 0 0 0 0

15 + 0 0 0 0 0 0 0

Total 29.201 21,733 24.456 28.788 140,676 65.197 310,051

Tonne 2,354 1,553 1,572 2,406 6,667 3,486 18,038

Vilic East VlIlc West IXa North IXa Centr-N IXa Centr·S IXa Sou{h All areas

2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q.

Aoe catch('OOO) catch('OOO) catch('OOO) catch('OOOI catch('OOO) catch('OOO) catch I"OOOl

0 0 0 0 0 0 0 0

1 12 674 1,866 15,743 20,601 0 38.895

2 189 1,342 9,092 28,049 15,653 3.938 58,263

3 2,751 16,465 38,661 77,898 42,831 24.119 202.725

4 3,067 17.137 27.740 35.756 34.611 32.831 151.142

5 917 3.089 3,268 1,310 5.203 1,467 15,254

6 876 1,755 1,767 3.345 47 0 7,790

7 518 1,248 864 1.669 0 0 4,299

8 662 695 405 707 0 0 2,469

9 96 90 49 0 0 0 235

10 119 127 78 0 0 0 324

11 198 193 140 0 0 0 531

12 0 0 0 0 0 0 0

13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15 + 0 0 0 0 0 0 0

Total 9,405 42,815 83,930 164,471 118,945 62.355 481.927

Tonne 804 3,264 5,595 9,225 6,433 3.289 28,610

Vllic East Vllic West IXa North IXa Centr-N IXa Centr·S IXa South All areas
3'rd Q 3'rd Q 3'rd Q 3'rd Q 3'rd Q 3'rd Q 3'rd Q

Aoe catch('OOO) catch('OOO) catch('OOO) catch('OOO) catch('OOO) catch('OOOI catch ('000)

0 5 440 2,304 1,083 172 0 4,005

1 932 2.753 11.509 54,436 1,148 0 70,718

2 1,449 4,117 11,342 58,230 41,039 21,485 137,662

3 3,996 10,660 17,854 111.211 79,336 82.523 305,579

4 5,492 13,145 12,910 28,809 16,137 5,486 81,978

5 1,441 3,324 2,208 1,797 1,496 238 10,505

6 1,271 1,926 1.224 541 0 0 4,962

7 1.016 1,967 992 2,724 0 0 6,699

8 690 1,219 472 207 0 0 2.588

9 36 26 9 0 0 0 71

10 70 91 29 0 0 0 190
11 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0

14 0 0 0 0 0 0 0

15 + 0 0 0 0 0 0 0
Total 16,398 39,668 60,853 259.038 139.328 109,132 625,011

Tonne 1,629 3,138 4,687 11,303 9,419 6,653 43.429
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Table 13.2.1d (Cont'd)

Vllic East Vllic West IXa North IXa Centr-N IXa Centr·S IXa South All areas
4'th 0 4'th 0 4'th 0 4'th 0 4'th 0 4'th 0 4'th 0

AQe catch('OOOl catch('OOO) catch('OOO) catch('OOO) catch('OOOl catch('OOO) catch ('000)
0 139 1,414 1,380 1,561 22,013 0 26,507
1 4,972 1,114 3,300 25,546 19,298 0 54,230
2 6,398 1,643 3,500 25,221 16,288 1,215 54,265
3 13,874 4,766 6,930 68,690 24,779 68,141 187,180
4 15,279 6,588 7,295 30,119 8,884 11,701 79,865
5 3,645 1,802 1,537 10,416 831 3,118 21,349
6 3,305 1,308 1,024 3,022 7 0 8,665
7 2,450 1,123 906 1,535 0 0 6,014
8 1,760 830 543 0 0 0 3,133
9 79 21 21 0 0 0 121
10 202 86 42 0 0 0 330
11 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15 + 0 0 0 0 0 0 0
Total 52,103 20,695 26,478 166,109 92,100 84,174 441,659

Tonne 4,422 1,774 2,074 12,510 4,751 5,677 31,208

Vllic East Vlllc West IXa North IXa Centr-N IXa Centr-S IXa South All areas
1·40 1·40 1·40 1·40 1·40 1·40 1·40

Aga catch('OOOl catch('OOO) catch('OOO) catch('OOO) catch('OOO) catch('OOO) catch ('000)
0 144 1,854 3,684 2,645 22,185 0 30,S 12
1 5,942 4,957 17,690 96,097 58,115 3,346 186,147
2 8,563 7,809 26,102 111,942 85,006 33,293 272,715
3 28,334 39,930 73,764 265,359 196,743 193,578 797,707
4 32,639 45,159 56,168 110,975 111,642 83,297 439,880
5 9,015 9,868 8,252 16,405 15,958 7,709 67,208
6 8,643 6,055 4,790 7,915 1,356 198 28,956
7 5,809 5,036 3,171 6,162 45 36 20,259
8 5,697 3,287 1,613 913 0 0 11,510
9 574 224 104 0 0 0 902
10 848 417 199 0 0 0 1,464
11 899 315 180 0 0 0 1,394
12 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0

15 + 0 0 0 0 0 0 0
Total 107,107 124,911 195,717 618,412 491,050 321,458 1,858,654

Tonne 9,209 10,329 13,928 41,444 27,270 19,104 121,284
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Table 13.2.2a

The SAS System
Sardine in the Southern Area (Fishing Areas Vlllc and IXa)

Prediction with management option table: Input data

Year: 1996

Stock Natural Maturi ty Prop.of F Prop.of M l.Jeight Exploit. l.Jeight
Age size mortality ogive bef.spaw. bef.spaw. in stock pattern in catch

0 4258.000 0.3300 0.0000 0.2500 0.2500 0.000 0.0000 0.025
1 279.000 0.3300 0.7300 0.2500 0.2500 0.029 0.2296 0.047
2 591.000 0.3300 0.9800 0.2500 0.2500 0.050 0.4354 0.059
3 233.000 0.3300 0.9700 0.2500 0.2500 0.062 0.6611 0.066
4 561.000 0.3300 0.9900 0.2500 0.2500 0.072 0.7530 0.066
5 384.000 0.3300 1.0000 0.2500 0.2500 0.079 0.7972 0.071
6+ 180.000 0.3300 1.0000 0.2500 0.2500 0.087 0.9421 0.087

Unit Millions - - - - Kilograms - Kilograms

Year: 1997

Recruit- Natural Maturity Prop.of F Prop.of M l.Jeight Exploit. Weight
Age ment mortality ogive bef.spaw. bef.spaw. in stock pattern in catch

0 2827.000 0.3300 0.0000 0.2500 0.2500 0.000 0.0000 0.025
1 · 0.3300 0.7300 0.2500 0.2500 0.029 0.2296 0.047
2 · 0.3300 0.9800 0.2500 0.2500 0.050 0.4354 0.059
3 · 0.3300 0.9700 0.2500 0.2500 0.062 0.6611 0.066
4 · 0.3300 0.9900 0.2500 0.2500 0.072 0.7530 0.066
5 · 0.3300 1.0000 0.2500 0.2500 0.079 0.7972 0.071
6+ · 0.3300 1.0000 0.2500 0.2500 0.087 0.9421 0.087

Unit Millions - - - - Kilograms - Kilograms

Year: 1998

Recruit- Natural Maturity Prop.of F Prop.of M l.Jeight Exploit. l.Jeight
Age ment mortal ity ogive bef.spaw. bef. spaw. in stock pattern in catch

0 1340.000 0.3300 0.0000 0.2500 0.2500 0.000 0.0000 0.025
1 · 0.3300 0.7300 0.2500 0.2500 0.029 0.2296 0.047
2 · 0.3300 0.9800 0.2500 0.2500 0.050 0.4354 0.059
3 · 0.3300 0.9700 0.2500 0.2500 0.062 0.6611 0.066
4 · 0.3300 0.9900 0.2500 0.2500 0.072 0.7530 0.066
5 · 0.3300 1.0000 0.2500 0.2500 0.079 0.7972 0.071
6+ · 0.3300 1.0000 0.2500 0.2500 0.087 0.9421 0.087

Unit Mi II ions - - - - Kilograms - Kilograms
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Table 13.2.2a (cont'd)

Year: 1999

Recruit- Natural Maturity Prop.of F Prop.of M Weight Exploit. weight
Age ment mortal i ty ogive bef.spaw. bef.spaw. in stock pattern in catch

0 980.000 0.3300 0.0000 0.2500 0.2500 0.000 0.0000 0.025
1 · 0.3300 0.7300 0.2500 0.2500 0.029 0.2296 0.047
2 · 0.3300 0.9800 0.2500 0.2500 0.050 0.4354 0.059
3 0.3300 0.9700 0.2500 0.2500 0.062 0.6611 0.066
4 · 0.3300 0.9900 0.2500 0.2500 0.072 0.7530 0.066
5 0.3300 1.0000 0.2500 0.2500 0.079 0.7972 0.071
6+ 0.3300 1.0000 0.2500 0.2500 0.087 0.9421 0.087

Unit Mill ions - - - - Kilograms - Kilograms

Year: 2000

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

0 814.000 0.3300 0.0000 0.2500 0.2500 0.000 0.0000 0.025
1 · 0.3300 0.7300 0.2500 0.2500 0.029 0.2296 0.047
2 · 0.3300 0.9800 0.2500 0.2500 0.050 0.4354 0.059
3 0.3300 0.9700 0.2500 0.2500 0.062 0.6611 0.066
4 · 0.3300 0.9900 0.2500 0.2500 0.072 0.7530 0.066
5 · 0.3300 1.0000 0.2500 0.2500 0.079 0.7972 0.071
6+ · 0.3300 1.0000 0.2500 0.2500 0.087 0.9421 0.087

Unit Milli ons - - - - Kilograms - Ki lograms

Notes: Run name : MANPCL04
Date and time: 21AUG96:07:46
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Table 13.2.2b

The SAS System
Sardine in the Southern Area (Fishing Areas VIIIc and IXa)

Prediction with management option table: Input data

Year: 1996

Stock Natural Maturity Prop.of F Prop.of M lJeight Exploit. l.Ieight
Age size mortality ogive bef.spaw. bef.spaw. in stock pattern in catch

0 4258.000 0.3300 0.0000 0.2500 0.2500 0.000 0.1172 0.025
1 279.000 0.3300 0.7300 0.2500 0.2500 0.029 0.2296 0.047
2 591.000 0.3300 0.9800 0.2500 0.2500 0.050 0.4354 0.059
3 233.000 0.3300 0.9700 0.2500 0.2500 0.062 0.6611 0.066
4 561.000 0.3300 0.9900 0.2500 0.2500 0.072 0.7530 0.066
5 384.000 0.3300 1.0000 0.2500 0.2500 0.079 0.7972 0.071
6+ 180.000 0.3300 1.0000 0.2500 0.2500 0.087 0.9421 0.087

Unit Milli ons - - - . Kilograms - Kilograms

Year: 1997

Recruit- Natural Maturity Prop.of F Prop.of M l.Ieight Exploit. l.Ieight
Age ment mortal ity ogive bef.spaw. bef.spaw. in stock pattern in catch

0 2827.000 0.3300 0.0000 0.2500 0.2500 0.000 0.1172 0.025
1 · 0.3300 0.7300 0.2500 0.2500 0.029 0.2296 0.047
2 0.3300 0.9800 0.2500 0.2500 0.050 0.4354 0.059
3 · 0.3300 0.9700 0.2500 0.2500 0.062 0.6611 0.066
4 · 0.3300 0.9900 0.2500 0.2500 0.072 0.7530 0.066
5 · 0.3300 1.0000 0.2500 0.2500 0.079 0.7972 0.071
6+ · 0.3300 1.0000 0.2500 0.2500 0.087 0.9421 0.087

Unit Mi II ions - - - . Kilograms - Ki lograms

Year: 1998

Recruit- Natural Maturity Prop.of F Prop.of M l.Ieight Exploit. W'eight
Age ment mortality ogive bef.spaw. bef.spaw. in stock pattern in catch

0 1340.000 0.3300 0.0000 0.2500 0.2500 0.000 0.1172 0.025
1 · 0.3300 0.7300 0.2500 0.2500 0.029 0.2296 0.047
2 · 0.3300 0.9800 0.2500 0.2500 0.050 0.4354 0.059
3 · 0.3300 0.9700 0.2500 0.2500 0.062 0.6611 0.066
4 · 0.3300 0.9900 0.2500 0.2500 0.072 0.7530 0.066
5 · 0.3300 1.0000 0.2500 0.2500 0.079 0.7972 0.071
6+ · 0.3300 1.0000 0.2500 0.2500 0.087 0.9421 0.087

Unit Mill ions - - . - Ki lograms - Kilograms
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Table 13.2.2b (cont'd)

Year: 1999

Recruit- Natural Maturity Prop.of F Prop.of M I.Ieight Exploit. I.Ieight
Age ment mortality ogive bef.spaw. beL spaw. in stock pattern in catch

0 980.000 0.3300 0.0000 0.2500 0.2500 0.000 0.1172 0.025
1 · 0.3300 0.7300 0.2500 0.2500 0.029 0.2296 0.047
2 0.3300 0.9800 0.2500 0.2500 0.050 0.4354 0.059
3 · 0.3300 0.9700 0.2500 0.2500 0.062 0.6611 0.066
4 · 0.3300 0.9900 0.2500 0.2500 0.072 0.7530 0.066
5 · 0.3300 1.0000 0.2500 0.2500 0.079 0.7972 0.071
6+ · 0.3300 1.0000 0.2500 0.2500 0.087 0.9421 0.087

Unit Mill ions - - - - Kilograms - Kilograms

(cont.)

Year: 2000

Recruit- Natural Maturi ty Prop.of F Prop.of M I.Ieight Exploit. I.Ieight
Age ment mortality ogive beLspaw. bef.spaw. in stock pattern in catch

0 814.000 0.3300 0.0000 0.2500 0.2500 0.000 0.1172 0.025
1 0.3300 0.7300 0.2500 0.2500 0.029 0.2296 0.047
2 · 0.3300 0.9800 0.2500 0.2500 0.050 0.4354 0.059
3 · 0.3300 0.9700 0.2500 0.2500 0.062 0.6611 0.066
4 · 0.3300 0.9900 0.2500 0.2500 0.072 0.7530 0.066
5 · 0.3300 1.0000 0.2500 0.2500 0.079 0.7972 0.071
6+ · 0.3300 1.0000 0.2500 0.2500 0.087 0.9421 0.087

Unit Mill ions - - . - Kilograms . Ki lograms

Notes: Run name MANPCL04
Date and time: 21AUG96:22:16
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Tonnes

Year: 2000

Tonnes

124124
164936

Tonnes

Spawning time

08:56 Wednesday, August 21, 1996

08:56 Wednesday, August 21, 1996

08:56 wednesday, August 21, 1996

Tonnes

134798 1959717
179121 3515647

January

Tonnes

2128250
3817988

Year: 1999

138411
204201

Stock Sp.stock Sp.stock Sp.stock Sp.stock
biomass size biomass size biomass

0.0000 0.0000 267624 235361 0 253086 224774

F Reference Stock Sp.stock Catch in Stock Sp.stock
Factor F biomass biomass weight biomass biomass

o 6486000
o 7489939

Tonnes

Prediction with management option table

o
o

Tonnes

Single option prediction: Summary table

351

MANPCL04
21AUG96:08:57
Simple mean, age 2 - 5
F factors

MANPCL04
21AUG96:08:57
Simple mean, age 2 - 5
F factors

Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

MANPCL04
21AUG96:08:57

F: Simple mean, age 2 - 5
F factors

Tonnes

0.0000
0.0000

Year: 1998

The SAS System
Southern Area (Fishing Areas VIIIc and IXa)

Single option prediction: Summary table

The SAS System
Southern Area (Fishing Areas VIIIc and IXa)

The SAS System
Southern Area (Fishing Areas VIIIc and IXa)

January Spawning time

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

000 0.0000 0 0 6486000 138411 2128250 134798 1959717 124124
000 0.0000 0 0 7895939 204201 3817988 179121 3515647 164936

Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

me
nd time
ation of ref. F
tion basis

Reference Catch in Catch in Stock
or F numbers weight size

000
000

me
nd time
ation of ref.
tion basis

erence Stock Sp.stock Catch in
F biomass biomass weight

me
nd time
ation of ref. F:
for 1998

0.0000 259805 222102 0

.3a Outputs for projections. Above assuming F=O and fitted beverton & Holt Stock Recruitment
ow recruitment fixed at 3233 million fish:

.

.
Table 13.2
model; bel

Sardine in the

Year F
Fact

1996 0.0
1997 0.0

UnH .
Notes: Run na

Date a
Comput
Predic

•
Sardine in the

F Ref
Factor

0.0000

-
Notes: Run na

Date a
Comput
Basis

•
Sardine in the

Year F
Fact

1996 0.0
1997 0.0

UnH -
Notes: Run na

Date a
comput
Predic



Table 13.2.3a Outputs for projections. Above assuming f=O and recruitment fixed at 3233 f=O: below
recruitment fixed at 6649 million fish.

The SAS System
Sardine in the Southern Area (Fishing Areas Vtllc and IXa)

Prediction with management option table

08:56 Yednesday, August 21, 199

Year: 1998 Year: 1999 Year: 2000

F Reference Stock Sp.stock Catch in F Reference Stock sp.stock Catch in Stock Sp.stock
Factor F biomass biomass weight Factor F biomass biomass weight biomass biomass

0.0000 0.0000 268270 227792 0 0.0000 0.0000 317582 271358 0 358331 308847

. . Tonnes Tonnes Tonnes - - Tonnes Tonnes Tonnes Tonnes Tonnes

Notes: Run name
Date and time
Computation of ref. F:
Basis for 1998

MANPCL04
21AUG96:08:57
Simple mean, age 2
F factors

• 5

•The SAS System
Sardine in the Southern Area (Fishing Areas Vllic and IXa)

Single option prediction: Summary table

08:56 Yednesday, August 21, 199

1 January Spawning time

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

1996 0.0000 0.0000 0 0 6486000 138411 2128250 134798 1959717 124124
1997 0.0000 0.0000 0 0 11311939 204201 3817988 179121 3515647 164936

Unit - . Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

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

MANPCL04
21AUG96:08:57

F: Simple mean, age 2 - 5
F factors

•
The SAS System

Sardine in the Southern Area (Fishing Areas Vlllc and IXa)

Prediction with management option table

08:56 Yednesday, August 21, 19~

Year: 1998 Year: 1999 Year: 2000

F Reference Stock Sp.stock Catch in F Reference Stock Sp.stock Catch in Stock Sp.stock
Factor F biomass biomass weight Factor F biomass biomass weight biomass biomass

0.0000 0.0000 339490 275665 0 0.0000 0.0000 477080 398893 0 596526 506674

. . Tonnes Tonnes Tonnes - - Tonnes Tonnes Tonnes Tonnes Tonnes

Notes: Run name
Date and time
Computation of ref. F
Basis for 1998

MANPCL04
21AUG96:08:57
simple mean, age 2 - 5
F factors
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Table 13.2.3b Outputs for projections. Above assuming F=O for age group 0 and Fbar= 0.22 and fitted Beverton
& Holt Stock Recruitment model; below recruitment fixed at 3233 million fish.

The SAS System
Sardine in the Southern Area (Fishing Areas Vllic and IXa)

Single option prediction: Summary table

08:56 ~ednesday. August 21. 1996

1 January Spawning time

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

1996 0.3325 0.2200 349876 23539 6486000 138411 2128250 134798 1859900 11n76
1997 0.3325 0.2200 434674 26689 7196463 181891 3526855 156956 3137924 138171

Unit - . Thousands Tonnes Thousands Tonnes Thousancls Tonnes Thousancls Tonnes

•
Notes: Run name

Date ancl time
Computation of ref.
Prediction basis

MANPCL04
21AUG96:08:57

F: Simple mean. age 2 - 5
F factors

The SAS System
Sardine in the Southern Area (Fishing Areas Vllic and IXa)

Prediction with management option table

08:56 ~ednesday. August 21. 1996

Year: 1998 Year: 1999 Year: 2000

F Reference Stock Sp.stock Catch in F Reference Stock Sp.stock Catch in Stock Sp.stock
Factor F biomass biomass weight Factor F biomass biomass weight biomass biomass

0.3325 0.2200 218233 176516 31591 0.3325 0.2200 20n58 1n031 33085 175932 146452

- . Tonnes Tonnes Tonnes - - Tonnes Tonnes Tonnes Tonnes Tonnes

•

Notes: Run name
Date ancl time
Computation of ref. F:
Basis for 1998

MANPCL04
21AUG96:08:57
Simple-mean. age 2 - 5
F factors

The SAS System
Sardine in the Southern Area (Fishing Areas Vllic and IXa)

Single option prediction: Summary table

08:56 ~ednesday. August 21. 1996

1 January Spawning time

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

1996 0.3325 0.2200 349876 23539 6486000 138411 2128250 134798 1859900 117276
1997 0.3325 0.2200 434674 26689 7602463 181891 3526855 156956 3137924 138171

Unit - - Thousands Tonnes Thousands Tonnes Thousancls Tonnes Thousancls Tonnes

Notes: Run name
Date ancl time
computation of ref.
Prediction basis

MANPCL04
21AUG96:08:57

F: Simple mean. age 2 • 5
F factors
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Table 13.2.3b Outputs for projections. Above assuming F=O for age group 0 and Fbar= 0.22 and recruitment
fixed at 3233 F=O: below recruitment fixed at 6649 million fish.

The SAS System
Sardine in the Southern Area (Fishing Areas Vllic and IXa)

Prediction with management option table

08:56 Yednesday, August 21, 1996

Year: 1998 Year: 1999 Year: 2000

F Reference Stock Sp.stock Catch in F Reference Stock Sp.stock Catch in Stock Sp.stock

Factor F biomass biomass wei ght Factor F biomass biomass weight biomass biomass

0.3325 0.2200 226697 182098 32452 0.3325 0.2200 256446 206519 38420 275727 223215

- . Tonnes Tonnes Tonnes . . Tonnes Tonnes Tonnes Tonnes Tonnes

Notes: Run name
Date and time
Computation of ref. F:
Basis for 1998

MANPCLD4
21AUG96:08:57
Simple mean, age 2 • 5
F factors

•The SAS System
Sardine in the Southern Area (Fishing Areas Vllic and IXa)

Single option prediction: Summary table

08:56 Yednesday, August 21, 1996

1 January Spawning time

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

1996 0.3325 0.2200 349876 23539 6486000 138411 2128250 134798 1859900 117276
1997 0.3325 0.2200 434674 26689 11018463 181891 3526855 156956 3137924 138171

Unit . . Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

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

MANPCL04 '
21AUG96:08:57

F: Simple mean, age 2 . 5
F factors

•The SAS System
Sardine in the Southern Area (Fishing Areas Vllic and IXa)

Prediction with management option table

08:56 Yednesday, August 21, 1996

Year: 1998 Year: 1999 Year: 2000

F Reference Stock Sp.stock Catch in F Reference Stock Sp.stock Catch in Stock Sp.stock
Factor F biomass biomass weight Factor F biomass biomass weight biomass biomass

0.3325 0.2200 297917 229066 39693 0.3325 0.2200 409455 324670 56784 491821 394700

. . Tonnes Tonnes Tonnes . . Tonnes Tonnes Tonnes Tonnes Tonnes

Notes: Run name
Date and time
Computation of ref. F:
Basis for 1998

MANPCL04
21AUG96:08:57
Simple mean, age 2 • 5
F factors
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Table 13.2.3c Outputs for projections. Above assuming F=0.1172 for age group 0 and Fbar= 0.22 and fitted
Beverton & Holt Stock Recruitment model; below recruitment fixed at 3233 million fish.

The SAS System
Sardine in the Southern Area (Fishing Areas Vllic and IXa)

Single option prediction: Summary table

22:14 Uednesday, August 21, 1996

1 January Spawning time

Year F Referenee Cateh in Cateh in Stock Stock Sp.stoek Sp.stoek Sp.stoek Sp.stoek
Faetor F numbers weight size biomass size biomass size biomass

1996 0.3325 0.2200 488636 27008 6486000 138411 2128250 134798 1859900 117276
1997 0.3325 0.2200 519461 28647 7079466 178499 3441448 154479 3060767 135933

Unit - . Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

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

MANPCL04
21AUG96:22: 16

F: Simple mean, age 2 - 5
F factors

The SAS System
Sardine in the Southern Area (Fishing Areas Vllic and IXa)

Prediction with management option table

22:14 uednesday, August 21. 1996

Year: 1998 Year: 1999 Year: 2000

F Reference Stock Sp.stoek Cateh in F Reference Stock Sp.stock Catch in Stock Sp.stock
Factor F biomass biomass weight Factor F biomass biomass weight biomass biomass

0.3325 0.2200 212083 171639 31924 0.3325 0.2200 200598 166534 32882 169916 141458

. - Tonnes Tonnes Tonnes . . Tonnes Tonnes Tonnes Tonnes Tonnes

•

Notes: Run name
Dateand time
Camputation of ref. F:
Basis for 1998

MANPCL04
21AUG96:22:16
Simple mean, age 2 • 5
F factors

The SAS System
Sardine in the Southern Area (Fishing Areas Ville and IXa)

Single option predietion: Summary table

22:14 Uednesday, August 21, 1996

1 January Spawning time

Year F Referenee Cateh in Caten in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Faetor F numbers weight size biomass size biomass size biomass

1996 0.3325 0.2200 488636 27008 6486000 138411 2128250 134798 1859900 117276
1997 0.3325 0.2200 532691 28978 7485466 178499 3441448 154479 3060767 135933

Unit - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

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

MANPCL04
21AUG96:22: 16
Simple mean, age 2 - 5
F faetors
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Table 13.2.3c Outputs for projections. Above assuming F=O. I 172 for age group 0 and Fbar= 0.22 and
recruitment fixed at 3233 F=O: below recruitment fixed at 6649 million fish.

The SAS System
Sardine in the Southern Area (Fishing Areas VIIIc and IXa)

Prediction with management option table

22:14 ~ednesday, August 21, 1996

Year: 1998 Year: 1999 Year: 2000

F Reference Stock Sp.stock Catch in F Reference Stock Sp.stock Catch in Stock Sp.stock
Factor F biemass biemass wei ght Factor F biomass biomass weight biomass biomass

0.3325 0.2200 220225 177008 34294 0.3325 0.2200 247906 199704 39848 265896 215287

- . Tennes Tennes Tonnes - - Tonnes Tennes .Tonnes Tennes Tennes

Notes: Run name
Date and time
Computation of
Basis for 1998

MANPCL04
21AUG96:22: 16

ref. F: Simple mean, age 2
F factors

- 5

•
The SAS System .

Sardine in the Southern Area (Fishing Areas VIIIc and IXa)

Single option prediction: Summary table

22:14 ~ednesday. August 21, 1996

1 January Spawning time

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

1996 0.3325 0.2200 488636 27008 6486000 138411 2128250 134798 1859900 117276
1997 0.3325 0.2200 644012 • 31761 10901466 178499 3441448 154479 3060767 135933

Unit . . Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

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

MANPCL04
21AUG96:22:16

F: Simple mean, age 2 - 5
F factors •

The SAS System
Sardine in the Seuthern Area (Fishing Areas VIIIc and IXa)

Prediction with management option table

22:14 ~ednesday. August 21, 1996

Year: 1998 Year: 1999 Year: 2000

F Reference Stock Sp.stock Catch in F Reference Stock Sp.stock Catch in Stock Sp.stock

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

0.3325 0.2200 288722 222181 44041 0.3325 0.2200 395067 313340 60294 473732 380219

. . Tonnes Tonnes Tonnes . . Tonnes Tonnes Tonnes Tonnes Tonnes

Notes: Run name
Date and time
Computation of ref. F:
Basis for 1998

MANPCL04
21AUG96:22:16
Simple mean, age 2 - 5
F factors
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Table 13.2.3d Outputs for porojections. Above assuming F=O for age group 0 and Fbar=.FbaI95 and fitted
Beverton & Holt Stock Recruitment model: below recruitment fixed at 3233 million fish.

The SAS System
Sardine in the Southern Area (Fishing Areas Ville and IXa)

Single option prediction: Summary table

08:56 Yednesday, August 21, 1996

.. 1 January Spawning time

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

1996 1.0000 0.6617 864149 57774 6486000 138411 21.28250 134798 1676121 104725
1997 1.0000 0.6617 925867 52950 6m772 150171 3107953 125469 2615895 102745

Unit - - Thousands TOMes Thousands Tennes .Thousands Tonnes Thousands Tonnes

•
Notes: Run name

Date and time
Camputation of ref.
Prediction basis

MANPCl04
21AUG96:08:57

F: Simple mean, age 2 • 5
F faetors

The SAS System
Sardine in the Southern Area (Fishing Areas Ville and IXa)

Prediction with management option table

08:56 Yednesday, August 21, 1996

Year: 1998 Year: 1999 Year: 2000

F Reference Stock Sp.stock Cateh in F Reference Stock Sp.stock Cateh in Stock Sp.stock
Factor F biomass biomass weight Factor F biomass biomass weight biomass biomass

1.0000 0.6617 170237 125937 59466 1.0000 0.6617 144671 109030 55219 105883 79000

- . Tonnes Tonnes Tonnes - - Tonnes Tonnes Tonnes TOMes TOMes

•
Notes: Run name

Date and time
Computation of ref. F:
Basis for 1998

MANPCl04
21AUG96:08:57
Simple mean, age 2 . 5
F faetors

The SAS System
Sardine in the Southern Area (Fishing Areas Vllic and IXa)

Single option prediction: Summary table

08:56 Yednesday, August 21, 1996

1 January Spawning time

Year F Referenee Catch in Catch in Stock Stock Sp.stoek Sp.stock Sp.stock Sp.stock
Faetor F nlSllbers weight size biomass size biomass size biomass

1996 1.0000 0.6617 864149 57774 6486000 138411 2128250 134798 1676121 104725
1997 1.0000 0.6617 925867 52950 7179772 150171 3107953 125469 2615895 102745

Unit . . Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

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

MANPCL04
21AUG96:08:57

F: Simple mean, age 2 • 5
F faetors
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Table 13.2.3d Outputs for projections. Above assuming F=O for age group 0 and Fbar=Fbar95 and recruitment
fixed at 3233 F=O: recruitment fixed at 6649 million fish.

The SAS System
Sardine in the Southern Area (Fishing Areas VIIlc and IXa)

Prediction with management option table

08:56 Uednesday, August 21, 1996

Year: 1998 Year: 1999 Year: 2000

F Reference Stock Sp.stock Catch in F Reference Stock Sp.stock Catch in Stock Sp.stock
Factor F biomass biomass weight Factor F biomass biomass weight biomass biomass

1.0000 0.6617 178702 131310 61878 1.0000 0.6617 192477 140829 69460 196550 143925

- . Tonnes Tonnes Tonnes - . Tonnes Tonnes Tonnes Tonnes Tonnes

Notes: Run name
Date and time
Computation of
Basis for 1998

MANPCL04
21AUG96:08:57

ref. F: Simple mean, age 2
F factors

• 5

•
The SAS System

Sardine in the Southern Area (Fishing Areas VIIIc and IXa)

Single option prediction: Summary table

08:56 Uednesday, August 21, 1996

1 January Spawning time

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

1996 ·1.0000 0.6617 864149 57774 6486000 138411 2128250 134798 1676121 104725
1997 1.0000 0.6617 925867 52950 10595772 150171 3107953 125469 2615895 102745

Unit - . Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

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

MANPCL04
21AUG96:08:57

F: Simple-mean, age 2 - 5
F factors •

The SAS System
Sardine in the Southern Area (Fishing Areas VIIlc and IXa)

Prediction with management option table

08:56 Uednesday, August 21, 1996

Year: 1998 Year: 1999 Year: 2000

F Reference Stock Sp.stock Catch in F Reference Stock Sp.stock Catch in Stock Sp.stock
Factar F biamass biamass weight Factar F biomass biamass weight biomass biomass

, .0000 0.6617 249921 176512 82174 1.0000 0.6617 333865 242820 114948 378409 276558

. . Tannes Tannes Tannes - . Tannes Tannes Tannes Tonnes Tannes

Notes: Run name
Date and time
Camputatian of ref. F:
Basis for 1998

MANPCL04
21AUG96:08:57
Simple mean, age 2 - 5
F factors
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Table 13.2.3e Outputs for projections. Above assuming F=O.ll72 for age group 0 and Fbar=Fbar<J5 and fitted
Beverton & Holt Stock Recruitment model; below recruitment fixed at 3233 million fish.

The SAS System
Sardine in the Southern Area (Fishing Areas Vllic and IXa)

Single option prediction: Summary table

22:14 ~ednesday, August 21, 1996

1 January Spawning time

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

1996 1.0000 0.6617 1266531 67834 6486000 138411 2128250 134798 1676121 104725
1997 1.0000 0.6617 1133490 56831 6435228 140353 2860816 118302 2401022 96514

Unit - . Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

•
Notes: Run name

Date and time
Computation of ref.
Prediction basis

MANPCL04
21AUG96:22: 16

F: Simple mean, age 2 • 5
F factors

The SAS System
Sardine in the Southern Area (Fishing Areas Vllic and IXa)

Prediction with management option table

22:14 ~ednesday, August 21, 1996

Year: 1998 Year: 1999 Year: 2000

F Reference Stock sp. stock Catch in F Reference Stock Sp.stock Catch in Stock Sp.stock
Factor F biomass biomass weight Factor F biomass biomass weight biomass biomass

1.0000 0.6617 154046 113972 57302 1.0000 0.6617 129580 97647 51857 94471 70482

. - Tonnes Tonnes Tonnes - - Tonnes Tonnes Tonnes Tonnes Tonnes-

•
Notes: Run name

Date and time
Computation of ref. F:
Basis for 1998

MANPCl04
21AUG96:22:16
Simple mean, age 2 - 5
F factors

The SAS System
Sardine in the Southern Area (Fishing Areas Vllic and IXa)

Single option prediction: Summary table

22:14 ~ednesday, August 21, 1996

1 January Spawning time

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

1996 1.0000 0.6617 1266531 67834 6486000 138411 2128250 134798 1676121 104725
1997 1.0000 0.6617 1171857 57791 6841228 140353 2860816 118302 2401022 96514

Unit - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

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

MANPCL04
21AUG96:22:16

F: Simple mean, age 2 - 5
F factors
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Table 13.2.3e Outputs for projections. Above assuming F=O.II72 for age group 0 and Fbar=Fbar')s and
recruitment fixed at 3233 F=O: recruitment fixed at 6649 million fish.

The SAS System
Sardine in the Southern Area (Fishing Areas Vllic and IXa)

Prediction with management option table

22:14 Yednesday, August 21, 1996

Year: 1998 Year: 1999 Year: 2000

F Reference Stock Sp.stock Catch in F Reference Stock Sp.stock Catch in Stock Sp.stock
Factor F biomass biomass weight Factor F biomass biomass weight biomass biomass

1.0000 0.6617 161575 118750 63919 1.0000 0.6617 172100 125929 69846 175110 128226

- . Tonnes Tonnes Tonnes . - Tonnes Tonnes Tonnes Tonnes Tomes

Notes: Run name
Date and time
Computation of ref. F:
Basis for 1998

MANPCL04
21AUG96:22: 16
Simple mean, age 2 - 5
F factors

•The SAS System
Sardine in the Southern Area (Fishing Areas Vllic and IXa)

Single option prediction: Summary table

22:14 Yednesday, August 21, 1996

1 January Spawning time

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

1996 1.0000 0.6617 1266531 67834 6486000 138411 2128250 134798 1676121 104725
1997 1.0000 0.6617 1494670 65861 10257228 140353 2860816 118302 2401022 96514

Unit - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes-
Notes: Run name

Date and time
Computation of ref.
Prediction basis

MANPCL04
21AUG96:22:16

F: Simple mean, age 2 • 5
F factors

The SAS System
Sardine in the Southern Area (Fishing Areas Vllic and IXa)

Prediction with management option table

22:14 Yednesday, August 21, 1996

Year: 1998 Year: 1999 Year: 2000

F Reference Stock Sp.stock Catch in F Reference Stock Sp.stock Catch in Stock Sp.stock
Factor F biomass biomass weight Factor F biomass biomass weight biomass biomass

1.0000 0.6617 224918 158954 90041 1.0000 0.6617 297851 216641 118373 336857 246192

. - Tonnes Tonnes Tonnes - . Tonnes Tonnes Tonnes Tonnes Tonnes

Notes: Run name
Date and time
Computation of ref. F:
Basis for 1998

MANPCL04
21AUG96:22:16
Simple mean, age 2
F factors
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Figure 13.2 Landings of mackerel by Division for the Years 1991 - 1995 in Quarter 1
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Figure 13.3 Landings of mackerel by Division for the Years 1991 - 1995 in Quarter 4

Landings of 0, 1 & 2 years old in percentage by numbers
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Figure 13.4 Landings of mackerel by Division from 1991 - 1995

Landings in numbers of 0, 1 & 2 years old by year
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Figure 13,2.4 Sardine. Distribution ofage groups (as a percentage of the total numbers in each age group) from the joint Portuguese and Spanish Acoustic Survey - March
1986. From Anon. (1989/Assess:19).
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14 INVESTIGATIONS ON ENVIRONMENTAL INFLUENCES ON PRODUCTIVITY OF
SARDINE AND ANCHOVY. GLOBEC

The Working Group noted the recent establisment of an lCES/GLOBEC office, one of whose purposes is to
develop links between the GLOBEC programme and the lCES advisory mechanisms for fishery management.
Results presented by Borja et al. (WD 1996) served to support their earlier findings which have demonstrated a
correlation between anchovy recruitment in the Bay of Biscay and upwelling intensity in the area (Borja et al. in
press). There results were complementary to earlier conclusions which demostrated a relationship between
environmental conditions and recruitment in the sardine stock ( Dickson et al., 1988; Chesney, EJ and Alonso
Noval, M. 1989; Robles R et al., 1992; Roy, C et al. 1993; Dias, C.M.A. et al., 1996).

In view of this strengthening evidence of environmental influences on small pelagic fish in the Bay of Biscay,
the Working Group recommend that the ICES/GLOBEC secretary should explore ways to encourage further
work on anchovy, sardine and other smal1 pelagic species within the ICES/GLOBEC North Atlantic reginal
programme. The Working Group would also request that the lCES Oceanographers should provide data on the
provision ofrapid and appropiate indices ofupwelling to update early indicators ofrecruitment.

•
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15 RECOMMENDATIONS

15.1 General

The Working Group again strongly recommended that all countries should make effort to provide reliable
statistics.

Further evaluate the use of Generalized Additive Modeling in survey planning and analysis of egg survey data
with reference to the results of the analysis of the 1989, 1992 and 1995 surveys and the comments of the 1996
MHSA Working Group.

Review a11 the fecundity and atresia data co11ected in the western and southern areas for mackerel with particular
reference to the significance ofany inter-annual differences in the values measured. Advise the MHSA Working
Group on any changes which should be made to the values of fecundity and atresia used by them in their
analysis of the 1995 egg survey data.

Coordinate the planning of the sampling for maturity of both mackerel and horse mackerel to be used for
histological analysis.

Examine the basis for the different mackerel maturity ogive used in 1986. Estimate appropriate maturity ogives
from the survey data for use in the calculation ofSSB in 1992 and 1995 with an estimate ofthe CV.

Examine ways of combining the mackere1 egg survey data for the western and southern areas to produce a single
estimate ofmackerel egg production for the combined North East Atlantic Mackerel.

The Working Group recommends and encourages the prosecution environmental studies aimed to understand
the connections between the climatic regimes and oceanographic conditions of the waters with the recruitments
ofthe sma11 pelagics assessed by this working groups, like anchovy and sardine.

15.2 Mackerel

The Working Group recommends to investigate the distribution pattern of overwintering mackerel in the North
Sea on VIa (N).

The Working Group recommends that during the next egg survey in 1998 both mackerel and horse mackerel
ovaries be co11ected at peak spawning time in both the western and southern area in order to construct maturity
ogives based on histological analysis. At the same time additional sampling should be carried out in the juvenile
areas.

The Working Group recommends further modeling work should be undertaken in order the explore further the
use of distributional models for improving the use of the juvenile surveys for prediction of recruitment.
Preliminary work indicates good prospects for deriving a robust index of abundance from the mackerel survey
data, and the Working Group recommends that the surveys be continued.

15.3 Horse mackerel

The Working Group strongly recommends that a11 countries with relatively high horse mackerel catches should
sampie for age at an adequate level.

The Working Group recommends that during the next egg survey in 1998 both mackerel and horse mackerel
ovaries be co11ected at peak spawning time in both the western and southern area in order to construct maturity
ogives based on histological analysis. At the same time additional sampling should be carried out in the juvenile
areas.

The Working Group recommends that more research be carried out on North Sea horse mackerel.

The Working Group recommends that at its next meeting results of sensitivity analyses should be presented, which
particularlyre-examinethe biological basis for the currentselection ofM especially for the western horse mackere!.
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Tbe Working Group recommends to develop further studies in relation to stock identity problems and/or
possible migration patterns especially for the southern horse mackerei.

15.4 Sardine

The Working Group recommends to carry out ajoint acoustic survey covering the entire distribution area ofthe
sardine stock during the spring (March-April) in 1997. In order to plan the survey and standardize the
methodology, it is recommended that a 3 days meeting should take place in Vigo in January 1997 with Pablo
Carrera as chairman.

The Working Group recommends a workshop in order to clarify and to understand the otolith structure and
ageing those sardines Ionger than 22 cm and, especially younger sardines caught at the end of the year and
clarify the ageing criteria for those sardines caught in the middle ofthe year.

15.5 Anchovy

The Working Group recommends the continuation of otolith reading exchanges and discussions between the age
readers involved with anchovy fisheries in order to improve the consistency among them.

The Working Group recommends the application of simulation studies on the benefits and costs of the
management approaches considered in the report, using assessment models.

15.6 ICES

Maps iIIustrating the quarterly distribution of catches by ICES rectangle are a valuable aid to the interpretation
oftotal fishery and age class spatial distributions. Tbe production ofthese maps is time consuming and would be
spent more productively on other work. With the aim of increasing the efficiency of the Working Group, it is
recommended that the ICES Secretariat purchase a software package capable of producing such charts, and
provide a standard format for the data to be used within it. Thus allowing data to be prepared before the meeting.

•
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