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Introduction

There are three stocks of redfish in NAFO Division 3M: deep-sea redfish (Sebates mentella), golden redfish
(Sebastes marinus) and Acadian redfish (Sebastes fasciatus). Due to their external resemblance S. mentella and
S fasciatus are commonly designated as beaked redfish. Deep-sea redfish has its maximum abundance at depths
greater than 300m while either golden and Acadian redfish prefer shallower waters of less than 400m. Each of the -
three species of redfish has both a pelagic and demersal behaviour presenting wide inter annual shifts in their
concentrations between the Flemish Cap bank and other 3M fishing grounds in the vicinity of this bank.

From a recent study on growth and maturation of redfish populations on Flemish Cap (Saborido-Rey, 1994) all
redfish species are long living and present a slow (and very similar) growth, with fish attaining a size around
20cm-22cm at 5 years old and reaching 30cm only at age 10, All species are viviparous with the larvae eclosion
occuring right before or after birth, Mean age of first maturation varies from'8 years (mean length of 26,5cm) for
Acadian redfish, 10 years (mean length of 30.lcm) for deep-sca redfish, and 12-years {mean length of 33.8 cm)
for golden redfish. Spawning on Flemish Cap has a peak in March - first half of April for deep-sea and golden
redfish while for Acadian redfish spawning reach its maximum in July - August.

Description of the fishery

The 3M redfish stocks have been exploited over the past both by pelagic and bottom trawl. Due to the similarity of
their external morphology the commercial catches of 3M redfish are reported together. The majority of the bottom
commercial catches are composed of beaked redfish. The species composition of the pelagic redfish catches, which
dominated the fishery in the early nineties, remains unknown, However, taking into account that until very recently
and from survey results, S. mentella and . fasciatus together represented most of the whole abundance and
biomass of 3M redfish it is assumed that these pelagic catches were also dominated by beaked redfish.

The redfish fishery on Division 3M increased from 20,000 tons in 1985 to 81,000 rons in 1990, falling
continuously since then till 1997, when a catch of only 1,300 tons has been recorded, most as by-catch of the
Greenland halibut fishery. The quick drop of the 3M redfish catches from 1990 to 1996 is related with the abrupt
decline of fishing effort deployed in this fishery, caused by the vanishing from the NAFO Regulatory Area of the
fieets responsible for the high level of catches from the-late eightics-early nineties (former USSR, former DDR and
Korean crewed Non Contracting Party vessels). As for the remaining flects, such as the Portuguese trawlers, 3M
redfish has been a second choice target as regards cod or American plaice and, more recently, Greenland halibut.




Recent catches ('000 tons) arc as follows:

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
TAC 20 20 20 20 20 S0 50 43 30 26 26 26 26 20
Catch 203 28.9 444 232 S8.1' 81.0° 48.5' 433" 290 11.3'713.5"7 587 1.3

1 Includes estimates of non-reported catches from various sources
2 Provisional

The breakdown of the 3M redfish nominal catches by country is presented in Table | and Fig. 1.

Commercial fisheries data
Sampling data

Most of the commercial sampling data available for the 3M redfish stocks came, since 1989, from the Portuguese
fisheries and has been annually included in Portuguese research reports in the NAFO SCS Documnent series. A
summary for the 1993-1996 period was presented in last assessment (Avila de Melo ef al., 1997). Most of these
data referred to beaked redfish, No action was taken to separate S. fasciatus and S. mentella in those samples, but
taking into account that most of them were from depths greater than 400m, they should represent S. mentella
catches. As in previous years (with the exception of 1995, when otoliths from commercial catches were read)
information on age composition for the 1997 3M redfish catches from Portuguese bottom trawl were obtained using
the S mentella age length keys from the July 1997 EU survey. The ageing criteria of 3M redfish otoliths has been
revised recently (Saborido-Rey, 1995) and al) age information since 1988 has been standardised accordingly,
regardless coming from the commercial fishery or from the annual EU survey. Mean weights at age were derived
from the Power and Atkinson length-weight relationship (1990). This length weight relationship differs from the
one derived from the EU survey, but since most of the Portuguese 3M reddish catches have been taken from deeper
bottoms in Division 3M outside the surveyed area and at the vicinity of divisions 3L or 3N (Sackville spur and
Beotuk knoll) this second relationship seems more appropriate for those commmercial catches. Mean lengths and
weights at age are a mean of the mean lengths and weighis at age by sex, weighted by the abundance in the
sampled catches of males and females at each age and year.

The relatively small sample of 1997 3M beaked redfish came from the by-catch of the Portuguese Greenland
halibut fishery on the first three quarters of the year. The length composition peak at 25¢cm-26cm and all 27cm-
36cm length groups increase their proportion in the 1997 catch compared to the previous year, followed by an
increase of the mean length and weight in the catch (Table 2a). The 1991; 1990 and 1989 year clagses conlinue to
dominate in 1997 the comimercial beaked redfish catches. Ages 9 to 14 arc again well represented, but older ages
were kept at a low level in the 1997 catch (Table 2b).

Redfish by-catch in the 3M shrimp fishery

The loss of commercial yield of deep-sea redfish due to the 1993-1995 by-catches by the 3M shrimp fishery was
calculated to be at 23,000 tons for a exploitation level around F0.1 (Avila de Melo ef al., 1997). For this overall
figure the 1993 by-catch contributed with 63% of the yield loss while the 1995 by-catch is only responsible for 3%.
In terms of year classes the 1989 year class was the one with a major contribution to this overall yield loss (49%)
followed by the 1990 year class (30%).

From the available information for the Icelandic 3M shrimp fishery (Skuladattir, 1998), in terms of weight the
redfish by-catch was kept at 4 low stable level around 1.5% on 1996 and 1997. If a catch of 3M shrimp for 1997 of
25,000 tons, predicted on the 1997 assessment of the 3M shrimp (NAFO, 1998), is confirmed and if the Icelandic
by-catch data is representative of the whole 3M shrimp fishery, a redfish by-catch of 340 tons is estimated for 1997
corresponding to 6.6 millions of fish. Also from the Jeelandic data on length composition of redfish by-catch from
Tanuary 1996 to March 1998, the 1995 year class had dominated the redfish by-catch during these last couple of
years and since January-February 1997 the 1996 year class is also showing up in the redfish by-catch as relatively
abundant. :
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CPUE data

No directed redfish hauls on Division 3M have been observed during the three trips monitored in 1997, and so no
new cpue data are available for 1997. However the additive model used to standardise the observed catch and effort
dati (Avila de Mclo and Alpoim, 1995) has been reformulated in order to include a vessel factor (Alpoim et al.,
1998). Each observation continues to correspond o a month and a trawler with 10 hours or more of directed effort
on redfish, but is no longer aggregated and averaged by month prior to standardisation.

The revised Portuguese cpue series is presented and compared with the EU survey biomass series for the three
species combined (Table 3, Fig. 2). The revised cpue series maintains a good agreement with the survey biomass
series namely over the 1990-1996 period, despite the differences on the time scale and “swept area” from which
these indices were derived, ' : '

Research survey data

There are two survey series providing biomass indices as well as length and age structure of the Flemish Cap
redfish stocks. The Russian survey has been conducted annually in April-May as a bottom trawl survey down to the
400 phts (728 m) depth contour since 1983 till* 1996, with an interruption in 1994. This survey has been
complemented with an acoustic estimate of the overall pelagic component for the three redfish stocks between 1988
and 1993, The bottom biomass estimates are available for golden and beaked redfish separately since 1987,

The EU survey has been conducted annually in June-July since 1988 as a bottom trawl survey, also down to the 400
phts depth contour. During the 1988 and 1989 surveys only golden redfish has been separated from the rest of the
redfish catches. Next, since 1990, juvenile redfish (lcss than 21 cm) has also been separated as an independent
category, and 1991 forward all the 3 species and juveniles were separated in ¢ach haul catch prior to sampling
procedures. However, with the continuation of these surveys, the skill to identify redfish smaller than 21 cm
increased. The small redfish that has been identified is directly allocated in its species, contributing to the
decreasing the proportion of small redfish classified as juvenile over the most recent years.

Each survey series presents a different picture of the recent evolution of the trawlable biomass and abundance of
the 3M redfish stocks, primarily as regards the beaked redfish stock. The Russian bottom trawl series has an

associated interannual variability higher than EU survey series, sometimes with biomass changes between

consecutive years too dramaiic to be explained by shifis in redfish distribution or by fishing mortality. Differences

arc also recorded on several years on the strata (and depths) with a higher proportion of redfish biomass estimated

by each of the surveys, which is difficult to explain taking into account the relatively short time lag between them,

The differences observed in survey design (EU survey with the number of sets proportional to the area of cach

stratum and higher number of valid tows each year) and the constancy on the vessel and gear used throughout most -
of the EU survey series should have accounted for those discrepancies in the bottom biomass indices from the two

SUTVeys.

A bottom trawl survey was also conducted by Canada on Flemish Cap during autumn 1996, the first one since

1985 (Brodic er al., 1997). Considering only the strata till 400 phts depth contour there was reasonably good
agreement between the biomass estimates from the Canadian survey and the EU survey for both golden and beaked
redfish. There was also a good match between the strata where most of the redfish biomass was found on both 1996
surveys, The former Canadian bottom trawl survey series on Flemish Cap has been conducted from 1979 till 1985
in January-February months and the respective abundance estimates for 3M beaked redfish (Power and Atkinson,
1986) were also found to be within the same range of magnitudé than the ones found on the following EU series.

Biomass indices from each survey series, since 1983 till 1997, are presented in Table 4a and Fig. 3 and 4.

a. Bottom biomass from EU surveys, 1988-1997

From the EU survey the bottom biomass of the 3M redfish siocks gradually decliﬁed from 1988 till 1991, most
probably as a consequence of the unusual high level of the 3M redfish catches. Since then either biomass and

abundance estimates suggests an overall stability of thesc stocks, followed by a biomass growth (the bottom
biomass index for 1997 of 139,000 tons is the second highest in the EU series). The recruitment to all redfish
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stocks (but primarily to 8. mentella, see Vazquez et al., 1998) of three consecutive strong year classes from the
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beginning of the nineties, along with (he drop of the 3M redfish fishery from 1993 onwards and the collapse of 3M
cod in 1994 (leading to a continuous decline of fishing mortality on each of the three stocks) contributed to the
present status of the 3M redfish. The fluctuation of the redfish bottom biomass during the middle years of the EU
survey series should reflect both vertical and geographical movements within NAFO Division 3M of the bulk of
these populations which, as a consequence of recent heavy exploitation, were pmgrcsswdy dominated by _]uvcmle
20em-30em n.dhsh :

The bottom biomass of golden redfish (8. marinus) fell from 23,000 tons in 1989 to 4,100 tons in 1991, induced by
to the high level of by-catch suffered on the 1989-1990 3M cod fishery, and remained at this low level till 1993. In
1994 a first peak occurred in the golden redfish biomass: an unusual availability near the bottom of most of the age
groups in the population pushed the biomass to 33,000 tons. During 1995 and 1996 the bottom biomass of golden
redfish stabilised at an intermediate level around 14,000 tons. In 1997 the growth of the survivals of the 1990 and
1991 cohorts, the recruitment to the bottom of the 1992 cohort and again the concentration near the bottom of 8
years and older age groups (Vazquez ef al., 1998) lead to a maximum bottom biomass of golden redfish of 65,000
tons.

The decp-sea redfish (S, mentella) bottom biomass increased steadily from 1993 (25,000 tons) to 1996 (78,000

tons) due to the gradual recruitment to the bottom of the abundant year classes between 1990 and 1992, In 1997 the
1992 year class was still the most abundant on the bottom, but the preceding cohorts of 1991 and 1990rand, on a
smaller scale, the rest of the older age groups diminished their demersal abundance, leading to a bottom bicmass of
deep sea redfish of 56,000 tons (Vazquez ef al., 1998). This decline can not be justified by the present fishing

mortality (directed fishing effort 1o 3M redfish dropped since 1993, reaching an almost residual level in 1997) or; .

as regards the cohorts from the early nineties, by the by-catch on the former years of the recent 3M shrimp fishery
(Avila de Melo ef al., 1997) ‘

Finally, and as regards Acadian redfish (5. fasciares) its bottom biomass is- increasing continuously since 1993,
reaching & maximum of 18,000 tons in 1997. This increase is related not only with the individual growth of fish
from the 1991 and 1992 year classes (Vazquez er af., 1998) but also with the recruitment to the bottom of what
seems to bee other abundant cohorts (1993 and 1994), .

b. Pelagic biomass from Russian survey, 1988-1993

The Russian bottom trawl survey series has been complemented with an acoustic estimate of the pelagic component
of the redfish stocks between 1987 and 1993. At present this is the only series providing an acoustic estimate of 3IM
pelagic redfish biomass. These acoustic results have been revised recently, as regards abundance and biomass of
redfish 15cm and smaller and larger than 15cm existing in the column of water from surface to 4m bottom- layer
{(Vaskov et al., 1998).

From the Russian acoustic surveys pelagic redfish biomass declined gradually from 579 400 tons in 1987 to
228,700 tons in 1990. A major drop to just 62,300 tons is recorded in 1991 being in 1993 still at 76,500 tons. Even
taking into account the unusuaily high level of catches observed between 1989 and 1991 (from 50,000 tons to
80,000 tons) is difficult to explain the drop between the range of acoustic biomass estimates from the former 1987-
1990 period to the late 1991-1993 period. From this acoustic survey series redfish 15¢m and smaller dominated the
pelagic redfish abundance in 1987-1988 and in 1991-1992.

¢. Total 3M redfish biomass from EU bottom trawl and Russian acoustic surveys, 1988-1997

According to the bottom trawl catchability of the EU survey, total 3M redfish biomass for each of the overlapping
years of the 2 survey series (1988-1993) is given by the sum of the EU bottom biomass with the Russian acoustic
biomass. In order to get a proportion of redfish biomass near the bottom that could be used in the conversion of the
EU redfish bottom biomass to a total biomass estimate for the more recent period of overall fluctuation (1992-
1995), and for 1991, 1996 and 1997 as well, a mean proportion of bottom redfish biomass was estimated by
averaging the annual ratios between the EU bottom biomass and the total biomass (EU bottom and Russian
acoustic combined). As for the former years of the EU survey series (1988-1990) and due to the similarity of the
bottom proportion found on these years, total redfish biomass was accepted simply as the sum of the respective EU
bottom and Russia acoustic indices (Table 4b and 4c¢).

-



d. Spawning bottom biomass from EU hottom trawl surveys (1988- 1997) and Canadian hottom trawl surveys
(1979-1985) -

Female spawning biomass of 3M beaked (5. mentella plus S. fasciatus) and golden (S.marinus) redfish have been
calculated based on abundance at length given by Canadian and EU bottom surveys for the periods of 1979-1985
and 1988-1997 respectively. Calculations were made from 1997 backwards. The following parameters from EU
survey series have been used as factors to transform, by a sequence of products, abundance into biomass and female
spawning biomass at length and finally to total bnttom biomass and female spawning biomass, both given as a sum
of products:

1) Length weight relationships by species and for beaked redfish from individual length/weight data collected

throughout the whole series (Vazquez, pers. comm.).

2) Juvenile beaked redfish proportion at length (Table 5a) given by the total number of beaked redfish found in the
total number of redfish at each length up to 21¢m, when the S marinus, S.mentella plus the S, fasciotus 1994-
1997 abundance’s at length are summed up.

1) Female propartion at length by species (Table 5b), from 1989-1994 S marinus survey catches and from 1992-
1994 S mentella and 8. fusciatus survey catches (Saborido-Rey, 1994).

4) Female proportion at length for beaked redfish (Table 5¢) given by the total number of beaked redfish females
found in the total number of beaked redfish at each length, when the 8. mentella plus the §. fasciarus 1994-1997
abundance’s at length are summed up.

.5} Mature female proportion at length by species, given by length maturity ogives obtained for each 3M redfish
species by the fit 1o a sigmoid logistic curve of the observed proportion of mature females on the sampled survey
catches {Table 5b). Those maturily data were based on the histological analysis of a total of 483 ovaries
(S marinus, 142; 8. mentella, 200; S.fasciatus, 141) obtained during the 1992 February-March cod tagging EU
survey and during 1992 and 1993 June—July regular EU bottom trawl survey {Saborido-Rey, 1994).

6) Mature fernale proportion at length for beaked redfish (Table 5¢) given by the rotal number of mature beaked
redfish females found in the total number of beaked redfish at each length, when the S mentella plus the
S.fasciatus 1994-1997 abundance’s at length are summed up.

From 1997 to 1992 beaked redfish abundance at lengith is given by the sum of S, menrella and S fasciatus
abundance at length with juvenile beaked redfish abundance at length (Juvenile redfish abundance at length times
juvenile beaked redfish proportion at length (2)) from the EU surveys; beaked redfish biomass at length is given by
the product between beaked redfish abundance at length and beaked redfish mean weight at length; beaked redfish
spawning biomass at length is given by the sum of the mature female abundance’s at length of 8. mentella and
S.fasciatus (abundance times female proportion (4) times mature female proportion (5) at length for each species)
multiplied by the beaked redfish mean weight at length. Biomass and spawning biomass were finally given by the
sums of the respective values at length.

From 1991 to 1990 beaked redfish abundance at length is given by the sum of beaked redfish abundance at length
and juvenile beaked redfish abundance at length (juvenile redfish iimes juvenile beaked redfish proportion at
length (2)) from the EU surveys; beaked redfish biomass at length is given by the product between beaked redfish
abundance at length and beaked redfish mean weight at length; beaked redfish spawning biomass at length is given
by the beaked redfish mature female abundance at length (abundance times beaked redfish mature female
proportion at length (6)) multiplied by the beaked redfish mean weight at length,

From 1989 to 1988 beaked redfish abundance at length is given directly by the EU survey results. Biomass and
spawning biomass are calculated as described for the 1990-1991 period. The same approach is used to convert the
1979-1985 beaked redfish abundance’s at length from the Canadian surveys (Power and Atkinson, 1986) to beaked
redfish biomass and spawning biomass (Table 6a and Fig. 5).

As for §. marinus the biomass and spawning biomass have been calculated the same way throughout the EU survey
series, from the respective abundance’s at length, length weight relationship, female and mature female
proportions at length (Table 6b and Fig. 6). The abundance, biomass and spawning biomass for the whole 3M
redfish stocks from 1988 to 1997 based on the EU surveys is presented as the sum of the beaked and golden redfish
results (Table 6¢ and Fig 7).




During the former period of 1979-1985, covered by the Canadian surveys, both bottom biomass ‘and spawning
biomass of beaked redfish were stabilised, with spawning biomass averaging a 42% proportion of the bottom
biomass, The more recent period of 1988-1997, covered by EU surveys, started with a continuous decling of bottom
biomass tili 1991, followed by a period of stability since then. Bottom spawning biomass however gradually
declined since 1988 and for the more recent period of 1994-1997 spawning biomass represented on average just
"10% of the bottom biomass (Table 6a, Fig. 5). Catches higher than 40,000 tons observed on most of the years
between 1987 and 1992 have generated unsustainable high levels of fishing mortality that affected primarily
beaked redfish larger than 30cm. Despite the survivai and growth of the abundant year classes from the early
ninelies, that recruited to the bottom between 1992 and 1994, the slow growth and late maturity of these species
didn’t allowed yet these cohorts to start to contribute to the recavery of the spawning biomass. '
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Both bottom biomass and spawning biomass of golden redfish declined from 1989 to 1991, remaining at the lowest
level of the EU survey series till 1Y93. Bottom biomass peaked in 1994 and again in 1997 by a combination of
recruitment and growth of three consecutive strong year classes together with mobility within the water column,
that seems to be higher than on beaked redfish. To a lesser extent this peaks were also followed by the spawning
biomass, which had a maximum in 1997 (Table 6b, Fig. 6). However the proportion of the bottom spawning
biomass was in 1997 at 16% when durmg the former [988-1990 period represented an average of 25% of the
golden redfish bottom biomass. .

As a wholg, the combined 3M redfish stocks experienced a decline of their bottom biomass from 1988 to 1991,
followed by an intermediate period of no apparent trend and a gradual growth observed during the last couple of
years. However the bottom spawning biomass didn’t recovered from the decline suffered during the late eightics
early nineties, remaining at a low level since 1992 (Table 6c, Fig. 7). The average proportion of spawning to
bottom biomass declined from 23% to 12% from the former (1988-1991) to the late period (1994-1997) of the EU
SUrvey series.

Fishing mortality trends, 1988-1997

The ratios between annual STACFIS estimates of 3M redfish catches and 3M redfish total biomass (given by the
EU bottom trawl and Russian acoustic surveys as described above) were considered to be an estimate of the
magnitude of the mean fishing mortality and its trend during the past 10 years (Table 4c, Fig.9). This approach
assumes constant survey catchability over the recruited age groups and a survey biomass representative of the mean

- annual biomass (both surveys were conducted around the middle of the year). Fishing mortality quickly rises to a
peak in 1991 and gradually fell since then, reaching a level near zero in 1997, From the yield per recruit analysis
included in the present assessment fishing mortality was above FO.1 from 1989 to 1993 and even higher than Fmax
on 1990 and 1991. From the non-equilibrium stock production model requltq presented bellow fishing mortality
was higher than Fmsy from 1989 to 1992,

A growth based model was also applied (Beverton and Holl, 19537 from Di¢ and Caddy, 1997) in order to get an
estimate of the mean total mortality (Z) for the most recent- years (1995-1997) and a precautionary limit of Z,
corresponding to a fishery where the mean length in the carch is above the mean length at maturity (Table 7). The
fishing mortality derived from the mean Z, assuming natural mortality of 0.1, was similar to an implied F from the
calch/total biomass ratio for the same period. As for the F given by the Z “at maturity”, its value was near the F
. associated with a 50% reduction on the female spawning stock biomass from its unexploited level.

Non-equilibrinm stock production model incorporating covariates (ASPIC)

A lngistié surplus production model which does not use the equilibrium assumption - ASPIC (Praguer, 1994) was'
applied with the 1959-1997 catch estimates, and the following survey and cpue data:

1) Three bottom trawl biomass indices: Canadian survey series (1978-1985), EU survey SBI’IE‘% (1988-1997) and the
Russian survey series (1983-1997).

2) “Two commercial cpue serics were used, one just from standardised observed catch and effort data of the
Portuguese trawl (1988-1996) and the other from slandardised catch and effort STATLANT data for most of
the components of the fishery (1959-1993).
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First all the biomass index series were incorporated in the ASPIC model, The model runned in IRF maode (so that
the statistical weight for cach serics is provided by the program) with the following specifications (Praguer, 1995):

1) no additional penalty term to the objective function (to prevent major differences between the first year’s
biomass, Bl, and the carrying capacity, K),

2) a maximum F allowed of 3.0 {eight times larger than the largest estimated F for the 1988 1997 period),

3) no starting guesses for the g’s, either as the caichability coefficients of the cpue series or as the constants
relating the survey indices to ASPIC estimates of biomass, and ‘

4) a starting guess for r (intrinsic rate of increase) of 0.3, taking into account the slow growing/long living
characteristic of the redfish species.

The inclusion of the Canadian, Russian and EU survey indices as well as the STATLANT and Portuguese cpue
series resubted in negative or very low correlations. The STATLANT commercial cpue (1959-1993) and the EU
bottom biomass (1988-1997) alone gave reasonable correlations, Another run as been conducted with the
STATLANT commercial cpue {1959-1993) and EU bottom biomass (1988-1997), but this time just with the
beaked redfish biomass taken as a sum of products from Table 6a ¢historically the major proportion on the 3M
redfish catches), increasing the correlation between the two series. On the two selected runs {Apendix 1 and 2) the
catchability of the EU survey was fixed at the ratio of the mean bottom biomass (EU survey)/ total biomass (EU
survey plus Russian acoustic) for the overlapping years of these two series, and an additional penalty of 100 was
set, to force close estimates of Bl and K (similar results were obtained however with and without this input),

The results of both selected runs of the production model converge to a total biomass above the Bmsy leve! for most
of time period, declining from the mid eighties till the carly nincties and recovering in the.last years of the series,
The model predicted that total biomas should be in 1998 at, or above, the Bmsy level and that MSY should between
28,000 1ons at 30,600 tons. The FO.1 is within the range but higher than the Fo. given by the yield per recruit
analysis. The 1998 vields at Fmsy predicted by the yield per recruit analysis (from the 1997 biomass) and by both
runs of the production models are the same (27,000 1ons).

Yield per recruit analysis

In order to get reference levels of fishing mortality taking into account the growth, maturity and bottom
exploitation pattern of the 3M redfish stocks an yield per recruit analysis was conducted, incorporating the
following sets of vectors (Table 9): :

1) Mean weights at age in the Portuguese commercial catch for the most recent years {1995-1997), taking notice of
the very low level of the present catches and the small proportion thal the Portuguese catches represented
during the period with the highest tevel of catches.

2) Mean weights at age in the stock (as well as in the female component) from EU survey data (1995-1997).

3) Female ratio at age from EU survey data (1992-1997),

4) Maturity ogive at age, from the histological analysis of gonads collected during the 1991-1994 EU surveys.

5) Partial recruitment vector derived from the average total mortality at age estimated from the EU survey
abundance at age for 1992-1997 period (Table 8), the way described on the previous assessment (Avila de Melo
et al,, 1997).

All biological information is referred to deep-sea redfish taking into account not only its predominance in the
bottom commercial catches but also its growth and maturity being positioned between those of the two other
redfish species, Natural mortality was assumed to be constant at 0,1

From the yield, biomass and spawning biomass per recruit curves, different levels of reduction of spawning and
total biomass were determined for corresponding levels of fishing mortality (Table 10, Fig. 8). With the
assumption of constant recruitment, the results indicated a reduction of 70% of the female spawning biomass from
its unexploited level when fishing at Fo.1 and, if a logistic natural growth of the biomass is accepted, the fishing
mortality associated with a 50% reduction of total biomass.(corresponding to Fusy) is below Fo.1.
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State of the 3M redfish stocks and prognosis

Over the past ten years the whole IM redfish stocks experienced a continuous decling from 1988 to 1991 duetoa
sharp increase of fishing mortality that peak in 1991. Since then fishing mortality declined as fast as it had went
up, allowing the survival of three consecutive strong year classes from the early nineties that showed up in each of
the Flemish Cap redfish populations. Not being severely affected by the boom of the shrimp fishery on 1993 and
1994, the survival and growth of those year classes contributed not.only to alter the former decline but also to a
discrete but continuous growth of the biomass since 1995, »

However the observed levels of fishing mortality, higher than Fo.l or even Fmsy, that have determined the decline
of the 3M redfish stocks affected primarily the larger length groups in each population, inducing a decliné on the
spawning stock biomass to a low level from which these stocks have not yet recovered. Despite that no apparent
relation is observed between spawning biomass and recruitment (in the NW Atlantic redfish stocks generally
produce one or two strong year classes every 5 or 10 years) redfish are slow growing, viviparous-species.

For the next coming years the recovery of the 3M redfish spawning biomass will be dependent-on the survival and
maturation of fish from the abundant 1990 to 1992 cohorts. To allow for this recovery. fishing mortality should be
kept at a level below Fo.1, which on a long-term equilibrium would be sustained at a reduction of 7% of the
female unexploited spawning biomass. For long living species like redfish this reduction might be too severe to
guarantee the “normal” rhythm on the pulse of recruitment and, as a general precautionary rule, spawning biomass
of fish species with such biology should be kept at or abave 50% reduction from its vnexplmted-level, In order to
achieve this goal a reduction of the 1999 3M redfish TAC to 10,500 tons is proposed. This. TAC corresponds to'a
fishing mortality which, on a long term equilibrium, would be sustained at a reduction about 40% of the female
unexploited spawning biomass, applied to the 1992-19497 average 3M-redfish biomass (Table 11). In pratical terms
the observance of this proposed 1999 TAC would correspond anyway to an important increase from the 1996-1997
level of catches (Table 11).

The proposed reduction will be ineffective if the uncontrolled activity of reflaged fleets on Flemish Cap is allowed
to continue.
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Table 1: 3 Redfish nominal catches, 1985-1997.
Courtry 1985 1986 1987 1988 1989 1990 1991 1952 1933 1994 1935 1996 -~ 1997
CAN 2 . 10 2
as : 1831 1764 1757 1759 1765 4195 772 203 845
DDR 38 4025
e ] : 1 .}
JPN - 313 400 <13 393 885 2082 1432, 1424 967 488 553, 678 L 212
SUNRUS 15703 15045 18875 13747 13937 34581 24661 2537 2035 2980 3560 52
LVA 7441 5008 o 304
LT 2128
EST 47
EGER 848 145 ‘ 2 91 5847 3443 o :
EESP 281 643 825 146 211 1916 472 204 100 610 128
EGER _ 5 o .
EPRT 1306 10783 21823 T 13012 11665 3787 3198 4781 5630 1282 . 33
KOR-S 5 43 17885 8332 2936 8350 2062
FARCEIS. 16
NORWAY 8 3
Tota 20282 28873 44411 23189 47697 66887 40914 20317 19027 9883 5702 1064 423
STCAFIS Estimates of total catches from various sources :
Tota 20282 28873 44411 23189 58102 81046 48489 43317 28933 11315 13495 5789 1323
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TABLE 2a: BEAKED REDFISH (S. mentella and S. fasciatus), DIV. 3M, 1895-97:
length composition of the portuguese traw! catches.

LENGTH 18585 1996 1997 LENGTH

GROUP GROUP

16 0.01 1.4 16

17 1.4 0.2 17

18 <45 1.4 18

19 9.2 4.7 21 19

20 14.9 25.2 2.5 20

21 15.4 67.4 4.9 21

22 8.0 1539 13.7 22

23 3.0 114.4 34.9 23

24 3.7 91.3 88.7 24

25 23.8 51.6 109.7 25

26 41.1 319 104.7 26

27 52.4 50.1 66.6 27

28 ' 66.5 51.0 57.0 28

29 86.1 58.2 70.8 29

30 87.0 56.4 83.5 30

.31 69.2 59.2 75.1 31

32 72.7 49.2 83.7 32

33 69.3 37.1 90.4 33

34 58.5 35.2 36.0 34

35 60.9 12.5 25.6 35

36 59.7 9.6 14.3 36

37 53.1 13.4 8.0 37

38 44.1 5.3 9.1 38

39 28.8 8.4 37 38

40 27.6 2.8 1.2 40

41 20.4 1.7 4.0 41

42 9.7 2.2 1.7 42

43 ’ 4.0 0.6 0.5 43

44 2.9 0.2 2.1 44

45 2.0 0.1 0.5 45

46 0.4 0.2 0.5 46

47 1.1 0.1 0.5 47

48 03 48 -

49 49

50 1.9 50

51 51

52 52

53 53

54 54

55 55

56 56

57 57

58 58

59 - 59

60 60

61 3.8 61
TOTAL 1000 1000 1000
No. SAMPLES ' 46 23 12
No.F.MEASURED 4713 1309 672
SAMPLING WEIGHT(Kg) 2348 597 297
MEAN LENGTH{cm) 32.4 27.1 29.5
MEAN WEIGHT (g) 526 320 398
DEPTH RANGE (m) 260/981  130/1120  251/1260
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TABLE 2b: BEAKED REDFISH (S.mentelia and S. fasciatus), DIV. 3M, 1995-97: age composition {%o), mean langth (cm} and
mean weight (Kg) at age of the portugusese frawl caiches.

1995 1996 1997 1995 1996 1997 1995 1996 1997
AGE AGE AGE AGE MEAN  MEAN  MEAN MEAN  MEAN MEAN AGE
COMP. COMP. COMP. LENGTH LENGTH LENGTH WEIGHT WEIGHT WEIGHT
3 1.4 0.05 16.8 17.5 0.089°  0Q.078 3
4 24,3 12.0 1.3 19,9 19,8 19.6 0.116 0.115  0.110 4
5 288 270.2 211 21.7 223 221 0.149 0.162 0:157 5
6 1.5 197.9 224 4 25.0 240 249 0.228 0.201 0.225 6
7 68.6 90.2 160.4 26.6 26.7 266 0.273 0.275 0.275 7
8 95.2 94,7 1216 28.2 285 286 0.327 0.335 - 0.33§ 8
9 845 93.% 827 29.4 30.1 30.3 0.368 0.393 0.400 9
10 98.8 58.4 104.9 30.7 315 3.7 0.421 0.451% 0.458 10
11 83.3° 42.0 B6.5 31.9 322 25 0.468 0.479 0495 .11
12 98.8 38.5 62.7 325 335 3358 0.497 0.548 0.54¢ 12
13 68.9 226 27.6 33.7 345 33.4 0.558 0.602 0.542 13
14 448 24.0 85.6 349 346 344 0.617 0.608 0.602 14
15 66.1 14.0 7.2 36.1 359 355 0.681 0.681 0.648 15
16 70.5 8.2 9.2 ar.o 36.9 364 0.729 0.734 0.706 16
17 40.8 6.5 58 38.1 38.0 371 0.802 0.800 0.732 17
18 377 8.4 5.7 39.2 38.2 377 0.884 0.821 0.789 18
19+ 77.2 16,4 23.4 40.8 41.8 442 1.002 1.074 1371 19+
1000 1000 1000

TABLE 3: REDFISH TRAWL CATCH RATES, 1988-96:

observed mean annual cpue's corrected for the
month of each observation by an additive model.

M
CPUE ST.ERROR CV.
1988 0.577 0.094 28.3 1988
1989 0.705 0.067 39.0 1989
1990 0.623 0.052 45.0 1850
1991 0477 0.053 43.2 1991
1992 0.689 0.103 447 1892
1893 0.318 0.210 114.0 1893
1994 0.875 0.191 43.6 1994
1995 0.459 0.083 441 1995
1896 0.663 0.210 44.7 1996
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Tabie 5: biological paramsters used in the computation of the abundance, biomass and spawnning bicmass at iength of 3M beaked and goiden redfish

5a) juvenile beaked redfish proportion in juvenile redfish up to 2tcm (EU surveys, 19984-1897)

1964 1995 | 1596 1097 tota) peaked redfish ratio
Lengih iotal beaked [total Theaked [total [beaked  [iatal beaked  [lotal beaked | :
8 0 0 28 28 i 0 [ 0 28 28 1.00
7 ] 0 7 7 0 0 0 0 7 7 1.00
8 o 0 60 50 0 0 0 0 60 60 1.00
9 ] 0 17 17 7 7 51 81 75 75 1.00
10 0 0 54 a7 25 2 5 28 114 87, 0.78
" 2t 7 387 316 165, 134 55 6 609 513 0.84
12 62 21 2178 1913 1365 1281 265 244 3870 3460 050
13 275, 143 2032 1256 2344 2130 802 a58 5553, 4390 079
14 1063 745 4085/ 22068 4877 4535 1972 1885  t1taE7 9462 079
15 2402 1910 8130 s834| 10785| 10157 6960 6533 28257 24234 086
18 7353 8882{ 18278  14557] 10047 s068| 14288 13855] 49033 43863 088
17} 14310| 12288 45871 41893  19185|  17444| 1ovE1[  18632] oesy7| ooz 09
18]  34vas| 31348{ B1664| 77338| 41781 asasp| 21848f 20195 180237 167731 0.93
19]  37140| 32088 112224 107224] es2e9| s47i4|  2e1p3] 25015 265848 250841 0.94
20f  21809] 19127 -seoe7 mooz4l 131014 128447]  sesvol  s2esm| 2seis7) 278428 0.84
21] 44175 11459)  37509] 32361 124520f 118867  sso7g|  B3119] 264202 245048 0.93
overall ratio 0.88 0.52 §95 0.94 0.92

5b) famala and maturity proportion at fength for each 3M redfish population (Saborido-Rey, 1984)

i S. mentella S. fasciatus . marifus

Lengtht femgle  matunty | female  maturity fornals  maturity
3 0.444 0.000] 0.474 0.600] 0.421 0.000
7 0.444 0.000 0.474 0.000 0.421 0.000
8 0.444 0.000) 0474 0.000 0.421 0.000
| 0.444 0.000/ 0474 0.000 0.421 0.000
10 0.444 0.000 0474 0.000 0.4 0.000;
" 0.444 0.000/ 0.474 0.000 0.421 0.000/
12 0.444 0.000 0474 0.000 0.421 0.000,
13 0.444 0.000 0.474 0.000/ 0.421 0.000
14 0444 0001 0.474 0.000 0.421 0.000
1§ 0.444 0.001 0.474 0.000 0.421 0.000
16 0.444 0.001 0.474 0.001 0.421 0.000
17 0.444 0.002 0.474 0.001 0.421 0.000
18 0.444 0.004 0474 0.002 0.421 0.000
19 0.444 0.006 0474 0.005 0.421 0.001
20 0.442 0.010 0.514 0.011 0.445 0.001
21 0.442 0.016| 0514 0.022 0.445 0.002
2 0.442 0.025 0514 0.048 0.445 0.003)
23 0442 0.040 0514 0.083 0.445 0.005
24 0.442 0.063 0.514 0.179 0.445 0,008
25 0.389 0.088 0.507 0.318, 0,474 0.013
26 0.389 0.149 0.507 0.465 0.474 0.022
27 0.389 0.220 0.507 0875 0.474 0,036
28 0.388 0313 0.507 0.814 0.474 0,058,
29 0.389 0.424},  0.507 0.503 0.474 0.086
30 0.467 0.542 0438 0.852 0623 0.182
3t 0.457 0.657) 0.488 0§77 0623 . 0233
32 0.467 0.755 0.488 0889 0.623 0.339
a3 0.457 0.833 0.488 0.995 0.623 0.464
kY 0467 . 0.889 0488 0.997, 0623 D594
35 0.572 0928 0.503 0.999 0888 0712
36 0572 0,954 0.503 0.998 0.869 0.807,
a7 0572 0.971 0.502 1.000 0.869 0.878
ag 0.572 0.982 0.503 1.000 0.859 0.923
39 0.572 0.989 0.503 1.000 0.869 0.953
40 0.85t 0.903 0.562 1.000 1.000 0972
41 0.851 4.996 0.562 1.000 1.000 Q.963
42 0.851 0.997| 0.562 1.000 1.000 0.980
43 0,851 0.988 0.562 1.000 1.000 0.994
a4 0.851 0.899 0.562 1.000 1.000 0.996
45 0.870 0.999 0.875 1.000 1.000 0.998
48 0.870 1.000/ 0875 1.000 1.000 0.998
47 0.870 1.000/ 0.875 1.000! 1.000 0.699
a8 0.870 1.000 04875 1.000 1.000 1.000
49 0.870 1.000 0875 1.000 1.000 1.000]
50 0870 1.000] 0.864 1.000 1.000 1.000
51 0870 1,000 0.864 1.000 1.000 1.000
52 0870 1.000 0.864 1.000 1.000 1.000
53 0870 1.060 0.864 1.000 1,000 1.000
54 0.870 1,000 0,884 1.000 1.000 1,000
55 0870 1.000, 0.864 1.000 1.000 1.000
56 0,870 1.000 0.884 1.000 1.000 1.000
57 0,870 1,000! 0.864 1.000 1.000 1.000

sex ratio data: S.rmarinus, 1689-1994; 5. mentella and 5. fasciatus, 1992-1984
histological maturity data, 1992-1994 for all species
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Table 6b: 3M golden redfish abundance, biomass and spwanning biomass at length from EU bottorn trawl surveys, 1988-1887.

Growth parameters from EU surveys, 10808-1807

-19 -

Golden redfish abundance at length (‘600)

length 1988 1989 1990 1991 1992 1093 1994 1895 1996 1997
) ]
7 130 17
8 “092 77 .
9 986 110
10 1324 328 7 13 7
1" 1920 366 14 51 3 0
12 2008 830 7 41 285 74 21
13 1432 1241 10 6 132 773 214 44
14 590 2470 7 87 17 338 1759 341 87
15 320 2820 54 187 13 21 492 2498 608 427
16 300 4087 168 382 55 118 871 3721 978 700
17 495 1908 321 824 188 an 2052 3778 1721 1119
18 - 818 440 304 1080 174 373 3598 4326 2931 16514
19 870 635 471 823 267 461 4152 5000 3575 2278
20 888 945 512 1091 503 808 2482 6043 5494 3712
21 1630 623 513 1125 443 828 2676 5148 5562 4960
22 1487 1014 935 793 730 762 1700 36886 6076 6887
23 1803 1129 652 667 629 886 1501 2443 6098 8918
24 2555 1203 1009 838 732 877 2999 1424 4807 9517
25 3503 2268 1243 524 583 767 3420 1233 3826 14282
- 28 5857 2763 992 807 673 683 3120 1292 2476 17344
27 4827 2604 1202 608 837 840 5005 ses 1747 15272
28 2652 3383 1798 812 621 569 4684 879 1209 15022
29 1977 3537 2011 472 878 538 3608 908 989 11504
30 2197 3031 3288 678 672 701 4745 568 985 12068
31 1581 3329 2844 378 43 488 4297 506 801 8751
32 1986 4748 2228 418 47 531 3660 391 517, 6469
33 1556 4231 2616 309 458 428 3741 498 760 6135
34 12682 2651 2127 360 387 342 3665 351 327 4832
35 1674 1913 1618 236 326 344 2570 311 271 3660
38 865 1738 512 203 208 177 1509 202 243 2727
a7 1168 1029 844 200 149 120 1705 225 240 3262
38 1285 1237 571 108 144 41 1288 153 181 1094
39 1429 g12 254 77 155 111 757 92 153 1110
40 812 429 420 80 02 43 671 142 71 1622
41 422 309 112 89 108 53 541 81 10 429
42 208 414 230 27 14 60 634 as 41 642
43 307 480 33 81 21 19 a4 55 23 331
44 165 212 48 39 a5 8 500 k13 21 108
45 es 159 184 42 7 25 843 34 17 56
46 121 276 27 1 28 0 530 50 13 132
47 21 377 7 14 7 17 103 6 18
48 42 58 85 7 7 152 8 29
49 8 13 13 1% 183 0 7
50 1% ) .15 12 17 172 0 20
51 37 13 12 7 70 18 29
52 23 8 14 77 K1 a4
53 12 7 7 ) 85 ) 7
54 15 6 15 7 13
55 7 7 17 6
56 7 7 7
57 21 7 7
total (000000) 57 83 ET] 14 1" 12 75 50 53 168




_ Table 6b: count.

_20 -

3M Golden redfish growth parameters fqr length weight relationship

a= 0.020138.
b= 29265
Goldan redfish biomass at length {tons) ". -
iangth 1988 1989 1990 1991 1992 1993 1994 1865 1688 1997
7 K]
8 11 1
9 14 2
10 26 8
" 50 ] 1 1
12 05 27 1 g 2 1
13 59 51 5 az 9 2
14 30 125 3 1 17 83 17 4
15 20 174 ] 10 1 1 30 164 37 26
16 23 303 12 - 28 4 ) 50 275 72 52
17 44 188 28 72 18 14 180 . 332 151 o8| -
18 84 48 31 110 18 39 ar2 448 203 71
19 105 77 - BT 08 32 56 501 804 432 275
20 125 132 72 153 70 85 347 845 768 519
#1 262 100 82 181 71 134 430 827 894 797
22 275 188 172 146 134 140 312 677 1118 1264
23 a7e 235 136 139 131 185 332 509 1272 1860
24 802 283 238 150 172 207 707 336 1133 2242
25 928 601 320 139 154 203 906 327 1013 3783
26 1736 81¢ 294 180 200 202 925 383 734 5142
27 1529 827 397 200 210 21 1654 293 577 5047
28 970 1241 660 225 228 © 209 1718 322 444 6511
20 805 1438 816 192 275 218 1464 388 401 4669
30 - po5 1356 1471 303 301 314 2123 254 441 5400
3 783 1637 1309 185 212 238 2113 249 394 4304
32 1070 2558 1201 224 254 286 1973 211 279 3487
33 918 2492 1541 182 270 252 2203 283 448 3613
34 820 1804 1385 231 228 220 2353 225 210 3102
35 1168 1335 1120 185 228 240 1794 217 189 2555
36 870 1318 815 154 157 134 1143 ' 153 184 2065
37 957 843 892 164 122 108 1357 184 204 2673
38 1137 1005 5§05 173 127 36 1140 135 143 1765
ag 1364 870 242 73 148 108 722 88 148 1059
40 834 440 4 92 84 44 689 146 73 1665
41 465 341 124 109 118 58 597 89 " 473
42 352 490 272 32 47 7 750 101 48 750
43 389 582 42 103 27 24 43 70 29 419
44 223 287 65 53 47 11 798 47 28 146
45 . 128 230 266 81 10 36 1217 49 25 81
48 186 425 42 17 40 816 7 20 203
47 34 617 1 23 1 28 169 10 29
- 48 73 101 148 12 12 265 10 50
o 49 1 24 24 a5 ase 13
50 37 ] 29 24 33 337 39
51 77 27 25 15 145 37 60
52 50 13 H 169 77 97
53 28 18 % 14 161 14 16
54 37 15 37 17 32
55 18 18 44 15
56 19 . - 18 18
57 60 0 20 20 0
total 21028 25855 15022 4456 4228 4165 33453 12332 55608

9568




‘Table 6b; count.

N

Golden redfish spawnning biomass at iength (tons)

length . . 1988 1989 1690 1881, . 1062 1993 1994 1985 1996 1997

21 . 1 1 1

22 1 2 2

23 1 1 : i 1 3 4

24 2 1 1 1 1 1 3 1 4 9

25 8 4 2 1 1 1 8 2 7 25

25 18 ) 3 2 2 2 10 4 8 56

27 28 15 7 "4 "4 4 ao 5 10 92

. 28 29 krd 20 7 7 -8 52 10 13 165
! 29 ag 70 40 ) 13 1" 7 18 20 227
30 74 10 109 23 22 23 158 19 33 401

3] -89 186 159 21 24 27 240 28 45 489

32 177 423 189 37 42 47 326 35 48 577

33 - 208 5685 349 i“ 81 - 57 499 66 101 819

34 240 549 395 67 86 64 682 65 61 899

3s 414 478 405 59 -82 86 843 78 ‘88 916

6 272 534 250 62 B4 54 464 82 75 B39

37 422 K1#4 s 72 54 47 -616 81 90 1179

38 528 - 508 235 a1 59 17 528 63 3] 820

39 6854 417 118 a5 71 51 346 42 70 508

40 455 241 236 50 52 24 a7e 80 40 810

41 257 188 &8 14] 66 32 330 49 <] 261

42 196 272 151 18 -8 ©a 417 56 27 422

43 217 325 23 57 15 13 24 38 16 234

44 125 161 36 30 27 8 447 27 16 82

45 112 200 232 53 ‘9 32 1063 43 a| 71

45 163 a7 ] 15 35 0 713 67 17 178

47 o 540 10 20 10 24 148 9 26

48 ‘84 B8 129 11 11 23 9 44

49 10 21 21 31 208 11

50 32 1] 25 20 29 201 34

81 66 23 22 13 126 32 52

52 44 11 27 146 66 83

53 24 14 14 12 ‘ . 130 12 14

54 32 13 ) a2 15 28

55 16 16 38 13

‘86 16 16 16

57 52 17 17 0

fotal 5088 a6741 3833 899 877 699 9464 1073 939 10506

. 1988 1980 1980 1991 1992 1993 1994 1995 1996 1997
spawning biomass 5088 6741 3833 899 &7r7 699 9464 1073 939 10506
biomass 21028 26855 15022 4456 4228 4185 33453 9568 12332 - 65606
spawning biomass propartion 268.1% 24.2% 20.2% 20.8% 16.8% 28.3% 11.2% 7.6% 16.0%

24.2%
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Table 6¢: 3M redfish (golden plus beaked redfish) abundance, biomass and spwanning biomass at length from EU bottom trawl surveys, 1988-1997,

‘ Redfish abundance at length {'0000)
langth 1988 1989 1990 1991 1992 1993 1984 - 1985 1996 1997
6 : 2 [ F) I S 3 5- .
7 43 5 131 162 80 10 1 67
8 349 50 1396 1008 3280 %0 20 404
9 369 81 1433 686 2880 80 61 353 5
10 402 13 105 70 2183 275 9 67 51 4
11 1053 300 75 193 18347 1786 53 180 127 8
12 2151 781 91 203 28032 3209 158 538 454 27
13 1583 . 945 206 101 7700 2269 387 3684 424 90
14 280 2175 643 a8 1752 7828 2208 443 562 197
15. B3 4248 1181 94 4021 22073 6784 824 1008 696
18 101 301g 2089 448 3851 12004 9880 1828 1008 1426
17 140 1386 5270 1568 956 2917 18574 4567 1917 1975
18 152 254 6485 3043 ;592 §37 20767 8166 4178 2185
19 437 200 3956 5068 848 538 11047 11222 8829 281%
20 770 267 855 6138 1652 239 2866 8607 13191 5657
.21 1743 ar2 174 3208 2243 283 1464 3751 12453 8808
22 3610 828 262 841 5142 4 866 1251 8299 9209
23 7580 1574 464 390 4011 707 808 826 4174 6655
24 12046 2882 1083 416 2008 858 1174 480 2334 3306
25 13530 4878 223 765 826 674 1388 524 1190 2435
28 10726 5670 3508 1040 1182 863 1282 850 877 2382
27 5003 5111 3689 1082 1858 - 555 1227 583 896 2019
28 2235 1560 2840 1007 1889 586 . 1341 867 862 1989
29 1218 2234 1777 733 1794 444 1139 703 644 1503
.30 1640 1510 1322 663 1269 456 1030 671 478 1632
31 1388 1305 1046 40z 912 383 928 548 484 1147
3z 1709 1614 857 " 452 627 330 822 458 408 885
33 1676 1311 018 . 498 601 355 704 408 399 810
34 1480 1175 o71 521 597 308 500 344 269 639
35 1247 1108 608 419 510 298 470 208 208 464
36 1079 962 596 KELS 303 285 307 276 152 365
a7 877 897 493 az2 a2 278 262 242 133 381
a8 809 521 268 279 264 177 222 153 96 237
39 513 452 211 172 196 157 122 106 68 131
40 341 297 167 13 128 91 101 © 66 3g 177
41 212 136 76 56 82 44 75 53 27 57
42 100 107 55 38 37 45 71 41 23 68
- 43 51 72 24 26 17 13 8 22 g 33
44 27 20 1 10 18 19 62 9 4 13
45 19 24 23 12 5 6 87 8 4 §
46 12 33 & a .5 3 53 8 1 13
47 2 40 3 2 - 1 4 10 2 2
48 4 7 g 1 1 4 15 1 1 3
49 1 1 1 2 18 1
50 2 2 1 2 © 17 2
51 4 1 1 ‘ 1 7 2 3
52 2 1 1 8 4 4
53 1 1 1 1 7 1. 1
54 2 1 2 1 1
55 1 1 2 1
58 1 1 1
57 .2 1 1 _
total ('G00DO0) 788 832 479 331 1050 629 893 498 669 804




-Table &¢: count.

23

3M redfish biomass at length (tons)

7905

1997

length 1988 1989 1980 1991 19972 1993 1904 1096
7 3 10 12 7 1 5
8 37 5 148 17 51 10 2 52
9 54 g 210 100 4 ) 9 52 1
10 79 22 20 14 424 53 2 13 10 1
1 268 78 18 48 4811 449 13 40 32 Tt
12 . B87 © 249 28 93 9208 1021 51 171 145 8
13 629 378 17 40 3048 898 148 145 168 38
14 141 1080 312 18 B4% 3704 1071 219 273 96
15 50 2495 880 55 2354 12023 3873 480 845 408
18 72 2758 1447 315 2692 8390 6908 1293 700 999
17 118 1138 4353 12989 790 2410 15347 3791 1592 1637
A8 151 248 8270 2848 573 808 20085 7922 4058 2123
18 458 228 4442 5893 1083 807 12398 12833 9936 3182
20 1004 393 1110 7943 2141 444 3731 11189 17109 7352
21 2590 550 263 4761 4803 548 2200 5615 18494 13084
22 8097 1410 454 1596 8664 838 1484 2162 14058 15802
23 14461 3018 895 754 7646 1381 1568 1235 8055 12829
24 25855 8100 2208 -804 4312 1856 2580 1058 5102 7284
25 32546 11274 5384 1849 2235 1636 3370 1287 2949 6108
26 28863 15784 9414 2799 KL 1794 3519 1776 1883 6875
27 15018 15270 11001 3284 4049 1871 3812 1792 2722 6508
28 7447 11863 9405 3335 6168 1049 4587 2228 2221 7113
29 4503 8251 6528 2678 6532 1634 4284 2568 2377 5947
30 6652 8165 5427 2674 5089 1852 4336 2700 1954 7093
. 3 6153 5880 4725 2187 4004 1898 4288 2421 2069 5492
3z 8272 7980 4702 2180 3022 1607 4146 2209 1978 4528
33 8816 7107 4940 2598 3154 1877 3919 2162 2124 4632
24 8512 6865 5647 2971 3397 1754 3614 1970 1545 3979
as 7783 6958 4400 2584 3150 1839 3101 1851 1286 3153
36 7230 6538 4027 2502 2625 1907 2176 1848 1020 2675
37 6394 5003 3618 2324 2244 1984 2048 1755 975 3067
28 8379 4155 2887 2170 2047 1389 1855 1185 755 2058
39 4430 3862 1784 1433 1843 1319 1104 890 587 1225
40 3147 2700 1543 1018 1154 818 891 608 348 1795
41 2086 1342 743 548 605 429 707 518 250 807
42 1086 1163 508 ‘3|89 - 379 489 831 427 242 800
43 608 B85 an 209 190 142 78 244 105 419
44 33p 380 135 122 210 228 833 105 52 169
45 252 329 azg 180 80 82 1254 111 49 81
48 186 490 55 56 86 34 816 1i6 20 203
47 34 645 39 a7 1 83 189 24 29
48 73 118 148 12 12 81 265 10 15 50
48 11 24 24 35 0 0 338 13
50 37 26 24 .0 .33 337 39
51 77 27 25 ‘ 15 145 37 60
52 50 13 3 169 77 o7
53 28 18 16 14 . 151 14 16
54 .37 18 37 17. . 3z
55 : 18 : 18 44 15
56 19 "0 19 19
57 60 . o 120 - 20 0
total 219800 151421 110061 67042 110188 64766 128047 78955 108124 139642




Table 6¢- count.

“24 -

3M spawnning redfish biomass at length (tons)

length 1988 1988 1890 1991 1892 1993 1994 1985 1996 1997
14 1
15 1 5 2
16 1 1 5 4 1
17 1 4 1 2 18 4 1 1
18 10 5 t 33 12 ] 3
19 1 12 15 2 1 32 32 25 7
20 4 1 5 34 9 2 15 45 72 30
21 17 3 1 33 35 4 15 35 127 89
22 71 15 4 18 102 - 12 18 21 157 173
23 285 59 16 13 145 33 36 21 140 224
24 1012 238 83 N 132 72 85 41 156 189
25 2245 760 360 122 108 80 141 77 181 21
26 s 1772 1078 n 200 146 228 136 162 362
27 1996 22 1554 451 455 72 266 185 318 418
28 1264 2082 - 1687 - 600 79 274 - 489 288 366 652
29 785 1444 1182 511 1087 297 566 424 423 596
30 1804 1571 1319 747 1284 465 737 672 451 1155
31 1901 1618 -~ 1289 680 1245 520 933 724 604 974
32 2877 2460 . 1511 770 1037 541 1110 754 691 1021
33. 3408 2433 1725 1020 1167 710 178 804 770 1276
34 3548 2690 2240 1247 "~ 1401 703 1216 796 626 1316
35 4062 3576 2206 1382 1853 939 1340 948 688 1282
38 3894 3417 2134 1409 1434 1033 1029 pag 539 1189
kg 3474 2757 1947 1285 1250 1092 978 256 533 1400
38 3528 . 2260 1598 1223 1143 766 952 662 414 984
39 2402 2123 985 a10 925 739 562 498 325 602
40 2413 2153 177 833 953 684 632 4T 273 1020
41 1631 1037 504 432 478 349 499 413 218 375
42 802 844 428 327 317 377 487 333 182 457
43 402 566 218 224 154 113 52 187 81 234
44 224 240 95 89 165 188 477 76 35 102
45 220 287 285 139 52 71. 1085 97 43 71
46 163 428 48 49 58 30 713 102 17 178
47 30 564 34 32 10 55 148 21 26
48 64 101 129 11 11 53 231 9 13 44
49 10 21 2 3| 296 1
50 32 0 25 20 28 291 34
51 66 23 22 0 13 126 32 &2
52 44 1 27 146 66 83
53 24 14 14 12 130 12 14
54 32 13 32 15 , 28
55 18 18 ) 38 13
58 16 16 16
57 52 . 17 17 0
total 48009 30688 26086 14928 17602 10577 17354 10958 8668 16932
1988 1989 1990 1891 1992 1993 1994 1995 1996 1997
spawning biomass 48009 39686 26086 14928 17902 10577 17354 10956 8688 16932
biomass 219890 151421 110961 67042 110166 64766 128947 78955 108124 139642
spawning biomass preportion 21.8% 26.2% 23.5% 22.3% 16.3% 16.3% 13.5% 13.9% 8.0% 12.1%




Table 8: Estimates of total mortalities and a partial recruitment vector for 3M redfish (S.mentella).

225

Table 7: Computation of Z's using female S. mentelfa Iéngth data

{Beverton and Holt, 1957 from Die, D.J. and J.F. Caddy 1997)

1) Mean length in the catch

F mean 95-97 = 0.038
F'(L>L,)<

95 98 97 mean
I 327 27.9 30.9 30.5
2) Mzan length of age of first capture (age 4)
95 96 97 mean
Le 19.4 19.6 202 19.7
3) von Bertalanfy growth parameters
L 51.07
K 0.072
4} Length at maturity
tm 30.14 , _ (L. - DK
. (L - L)
Z mean 95-97 = 0.138
2°T> L)< 0.145 7t s~ LK
Assuming M=0.1 (L, - L)

from SSB/R curve

0.031 from cateh versus survey biomass

0.045  0.057 Fssaso

redfish abundance at age (' 0000s)

Age 1902 1993 1994 1995 - 1996 1997 meanZ's Z's for PR PR
1 10 6 - . -0.87 0.00 0.00
2 49 259 280 58 -0.23 0.00 0.00
3 132 1074 3040 1620 480 -0.12 0.00 0.00
4 2673 173 5249 19700 11726 3190 0.23 0.23 0.24
5 9884 550 2273 11800 30498 17631 .  0.99 0.99 1.00
6 3829 1420 1285 - 480 4765 10163 0.73 0.73 0.74
7 3048 1013 1915 870 850 794 0.65 0.65 0.66
8 2181 . B37 1178 980 826 331 0.61 0.61 0.62
9 1361 . 228 778 570 641 217 0.49 048 050"
10 862 317 605 550 374 251 0.44 0.44 0.45
1 631 335 519 610 281 133 044 . . 044 0.44
12 465 410 330 280 284 133 0.47 0.45 0.46
13 446 259 253 220 168 72 042 045 0.46.
14 321 266 161 250 188 121 047 045 045
15 174 297 172 260 147 34 0.63 . 061 0.61
16 172 69 85 160 106 48 0.50 051 -0.61
17 107 ' 95 59 102 60 44 0.51 0.61 0.61
18 69 44 84 87 67 1 0.64 0.61 0.61
19 72 34 a8 46 . 32 14 0.50 0.61 0.61
20 19 - 26 22 38 41 16 0.65 0.61 0.61
21 173 . 0H 13 25 18 6 0.87 0.61 0.61
22 ' .13 1 5 2 0.55 0.61 0.61
3 5 T 10 7 5 13 0.61
24 J ‘ ) 5 - 0.61
25 16 3 2 0@ 17 0.61
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TABLE : Yield per recruit parameters for 3M redfish

Age Weights at age " %mat  %females PR . RefM Age
stock 95-97  stock{95-97 . catch 9597 9194 91-97 91-97 '
1 0.007 0.007 0.007 0% 45% 0.00 0.10 1
2 0.029 0.032 0.025 0% 45% 0.00 0.10 2
3 0.060 0.052 0.074 0% 45% 0.00- 0.10 3
4 0.092 0.086 0.113 0% 47% 024 010 4
5 0.128 0.131 0.156 0% AT% 100 0.10 5
6 0173 0.188 0.218 7% 47% 0.74 0.10 6
7 0.251 0.260 0.274 13% 47% 0.56 0.10 7
8 0.323 0.324 0.332 22% A7% 0.62 0.10 8
9 0.373 0.385 0.387 36% A7% 0.50 0.10 g
10 0.430 0.434 0.443 53% 47% 0.45 0.10 10
11 0.482 0.460 0.481 69% A7T% 0.44 0.10 1
12 0.515 0.505 0.531 82% 47% - 0.486 0.10 12
13 0618 0.576 0.567 90% 47% 0.46. 0.10 13
14 0627 | 0.597 0.609 95% 47% 0.46 0.10 14
15 0.669 - 0.688 ‘0.670 97% 47% 0.61 0.10 15
16 0.719 0.729 0723 89% 57% 061 a.10 16
17 0.749 0.788 0.778 99% 57% 0.61 0.10 17
18 0.775 0.848 0.831 100% 57% 0.61 0.10 18.
19 0.853 0.869 0.869 100% 72% 0.61 0.10 19
20 0.897 0.953 0.950 100% 72% 0.61 0.10 20
21 0.983 . 1.008 1.067 100% 72% 0861 0.10 21
22 0.807 0.860 1.017 100% 83% - 0.61 0.10 22
23 0.963 1.001 1.055 100% 83% 0.61 0.10 23
24 1.071 1.063 1.154 100% B3% 0.61 0.10 24
25+ 1.584 1.584 1.584 100% 86% 0.61 0.10 25+
Table 10: Fishing mortalities associated with different levels of reduction of spawning
and total biomass of 3M redfish (S.mentella, from 1000 recruits)
% S58 % B Ref. F Yield SSB B F Slope
100% 100% 0.0000 0 2,584 4,536 0.013 2003
90% 92% 0.0080 19 2,325 4,189 0.032 1378
80% 85% 0.0173 37 2,067 3837 0.037 1237
70% 77% 0.0282 55 1,809 3,480 0.043 1097
60% 69%  0.0413 71 1,550 3,116 0.049 955
FLmat 56% 67% 0.0448 75 1,489 3,029, 0.051 922
FSSB50 50% 60% 0.0575 87 1,292 2,743 0.057 813
40% 52% 0.0784 101 1,033 2,356 0.152 167
FB50 38% 50% 0.0840 104 a76 2,268 0.087 684
30% -43% 01073 113 775 1,952 0.166 107
FC.1 28% 41% 0.1153 115 718 1,859 0116 257 .
20% 33% 0.1518 122 517 1,518 0.188 . 49
Fmax 1% 24% 0.2270 125 283 1,074 0.228 0
10% 23% 0.2393 125 258 1,023 0.232 -4
9% 22% 0.2500 125 239 982 0.263 -21
7% 18% 0.3000 124 170 824 0.313 -37
6% 17% 0.3250 123 145 762 0.338 -41
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Table 11: 3M redfish yield for different reference fishing mortalities

bottom bottom total
biomass proportion hiomass ‘FLmat FSSB50 FB50 FG.1 Fmax
mean 1882-1957 1011 0.434 232.8 0.045 0.057 0.084 6115 0.227
: 1397 139.2 0.434 3206 0.045 0.057 0.084 0.115 0.227
total  Yield at  Yield.at Yieldat Yieldat Yield at
biomass FLmat FSSB50 FB50 FO.1 Frnax
mean 1992-1997 232800 10428 13383 19554 26847 52838
240000 10752 13799 20162 27681 54480
250000 11200 14374 21002 28835 56750
260000 11648 14949 21842 25988 59020
270000 12096 15524 22682 31141 61290
280000 12544 16099 23622 32295 63560
290000 12992 16674 24362 33448 65830
300000 13440 17249 25202 34601 68100
310000 13888 17824 26042 35755 70370
1997 320630 14364 18435 26935, 36981 72783
1998 yield at Fmsy from ASPIC 1 (bottom redfish biomass by swept area method) 26790-
1998 yield at Fmsy from ASPIC 2 {bottom beaked redfish bicmass by sum of products) 27300

tons

Fig. 1: 3M redfish nominal catches, 1985-1997.
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Fig. 2: Comparison between observed 3M redfish commercial

catch rates (additive model) and 3M redfish trawlable
biomass from the EU surveys.
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Fig. 3: Redfish combined biomass in Div. 3M.
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Fig. 4: Trawlable biomass by species from EU survey, 1991-1997.
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Fig. 6 : 3M golden redfish biomass, spawning biomass
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abundance (EU survey 1988/97)
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Fig.8 :Yield, $SB and B per recruit curve for 3M redfish.
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