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Abstract

The effective use of 130 mm mesh size in the trawl fisheries on the NAFO Regulatory
Area since May 1995 had implied a change in the fishing pattern of the Div. 3Mceatli§
morhug. Two series of catch rates were made available for the period 1988-95, one from
the observed monthly values of monitored vessels and another derived from the former and
corresponding to catch rates that would have occurred over the same interval if a 130 mm
mesh size in the codend had been applied. The first series was considered to represent catches
from 2 year old cod onwards while the second series was considered to represent catches
from an age between 4 and 5 years and older. The different trends observed when comparing
the two series with the EU survey biomass estimates of the corresponding two segments of
the population, were found to be related with the shrinkage of cod distribution over the
recent decline of cod abundance. Taking these apparent contradictions into account it is
concluded that for the time being tuning matrices derived from commercial catch rates-at-
age should not be used in Div. 3M cod VPA based assessments.
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Introduction the total biomass of cod in Div. 3M was at a much

lower level in 1994 than in 1989, when a maximum
COd (Gadus morhuhbeing a tl’aditional prior- was reached for th|s t|me Series_

ity species for the Portuguese fishery in the NAFO

Regulatory Area, the Flemish Cap area (Div. 3M)  |n 1995, the cod trawl CPUE halved the 1994
has been the ground where most of the Portuguesgjue. Following this time there was a further drop
trawl flShlng effort on cod has taken place in S€V-in the survey biomaSS, but the impact of the effec-
eral years within 1985 and 1995. In fact the appeartive use of 130 mm trawl mesh size since May 1995
ance of good recruitments in 1985-86 and 1990-9Lwith the enforcement of an observer on board of
together with diminishing fishing opportunities on each fishing vessel on behalf of the NAFO Pilot
the Nose and Tail of the Grand Bank, led to rapidopserver Program) on the catch rates needs to be
and high concentrations of trawl effort on F|emi5hinvestigated. The purpose of the present work is to
Cap in 1989-90 and from 1993 till the first quartergerive a "new" CPUE series from the observed one,
of 1995. The resulting total estimated cod CatChe%orresponding to the yields expected if a 130 mm
by the Portuguese fleet (including those from pairmesh size was used over the same time period, and
trawlers, gillnetters, longliners and flags of conve-to compare the trends of the two catch rate series
nience) were at levels of 40 000 tons and 30 00Qobserved and estimated) with the corresponding

tons, respectively. Based on observed data, the Popiomasses of the stock components affected by those
tuguese fiSheI’y fOI’ COd in Div. 3M peaked in 1994two different f|Sh|ng patterns_

with 39% of the trawl effort applied to this stock

(Avila de Melo et al, MS 1995), and a maximum Material and Methods

standardized CPUE for the period 1988-95 of almost ) )

1 ton/hr. However, compared to the estimate fromlustification of the Working Hypothesis

the revised 1995 assessment of this cod stock A major uncertainty remained with respect to
(Vazquezet al, MS 1996) and from the results of real mesh size of the codend used in the fishery un-
the EU surveys on Flemish Cap (Vazquez, MS 1996)til April 1995. From the length data collected on
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board by different vessels at the same time and Diof the fishery on Flemish Cap. Length frequencies
vision under the Portuguese Sampling Program, howef cod in Div. 3M from the trawl catches have been
ever, it was possible to estimate an appropriate megpresented annually in the Portuguese Research Re-
size for the period. Length frequencies of cod andorts (Godinho, MS 1989; Avila de Me&d al., MS
American plaice trawl catches from Flemish Cap andl990; Godinhcet al., MS 1991; Alpoimet al., MS

the Tail of the Grand Bank showed that during thel992; Avila de Melcet al,, MS 1993; Alpoimet al.,
late-1980s/early-1990s there was a high proportioMS 1994; Avila de Meleet al., MS 1995; Godinho

of undersized fish. This fact indicated that not onlyet al., MS 1996) covering the study period, and are
were the mesh sizes well below 130 mm, but wergepresentative of the total catch taken each year, in-
also similar within the trawl fleet, since no signifi- cluding any eventual discards. Mean weights-at-
cant differences were detected between sampldength for each year were available from the respec-
taken from different vessels at the same time andive Div. 3M cod length-weight relationship obtained
Division. Furthermore, the 1991 cod catches in Div.from EU bottom trawl survey of Flemish Cap in July
3N and 1988 and 1992 cod catches in Div. 3M1988-95 (Vazquez, MS 1996).

showed mean lengths between 24 cm and 27 cm

which indicated that a mesh size somewhere arouniflethod to Rebuild a Trawl CPUE Series

60 mm/70 mm would have been in use in some of In order to derive an estimated CPUE series for

thef]e trawl f|sher_|gs. Adccr(‘)rdwr\]gly, asla WOS;'};Q hy'a mesh size of 130 mm, and covering the whole study
pothesis we considered that the trawl catc M interval, an annual yield rate was calculated and ap-

Div. 3M taken from January 1988 until April 1995, were plied to the monthly CPUES of each year from Janu-

taken with an effective mesh size of 65 mm. ary 1988 up to April 1995 (considered to correspond
to the 65 mm mesh size period). In the additive
model, the annual yield rates multiply the mean
CPUEs (month/year), while in the multiplicative
Observed catch and effort data from eleven Pormodel the annual yield rates were applied directly
tuguese trawlers fishing for cod on the Flemish Capg each observation (month/year/vessel). The CPUEs
on several trips made during the 1988-95 periogrom May to December 1995 (corresponding to 130
were reviewed on a haul by haul basis. With the exmm mesh size period) were then incorporated in this
ception of one side trawler (OTB), all the other tenpew CPUE matrix prior to standardization.
vessels were stern otter trawlers (OTB2) from the
early-1970s with quite similar fishing efficiency. The To calculate the annual yield rates, we need to
daily catch and effort data from each of these trawlfave the 65 mm and 130 mm selection curves for
ers were used to estimate the directed effort on thgjy. 3M cod. Halliday and White (1989) considered
cod stock in Div. 3M, and the associated catch on ghat the mesh selectivity curves from Northwest At-

monthly basis. The catch rates available correspondantic cod stocks could be derived from the logistic
ing to at least 10 hours of directed effort to cod, forequation:

each month/year/vessel, were then averaged using

the number of fishing days as a weighting factor (no S(L) =17 (1+exp(a (1-L/Lgy) (1)
division category is considered in the exercise sinc . . th

this cod stock is confined to Div. 3M). The observed%vhere f(L) :2 :22 Is(,aenlgtcglgiwvaf]itcthSOI(;)ngﬁtshh glgsrorlép
mean monthly CPUEs so obtained for the 1988/95 50 tained in the codend (i.&F x mesh
period were then standardized by an additive model i '

already fully described in a previous paper (Avila size)
de Melo and Alpoim, 1995) in order to build annual
series of observed CPUEs for cod in Div. 3M €Ot the ogive, can be derived from, and the selec-
rected for the month of each observation. A mult|—tion range () by the equation:

plicative model (Vazquez, 1981) has also been ap-

plied to the same set of observed catch rates, but with a=2LnE8) Lgy/r (2)

no prior averaging of catch rates by month and in-

cluding the fishing power of each vessel as anothewherer is the selection range and is the length at

Collection and Treatment of Raw Catch/effort and
Length/weight Data

The value ofx, the parameter defining the shape

source of variability. which 75% of fish is retained in the
codend minus length at which 25% of
The Portuguese catches were sampled on board fish is retained in the codend.€. L,

every year, on the months corresponding to the peaks L,o).
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Clay (1979), in Halliday and White (1989), used If it is considered that the cod in Div. 3M at the
the predicted value affor 130 mm mesh size from beginning of age two has a length in the vicinity of
the regression analysis of cod selection range dat24 cm (i.e L., for the 65 mm mesh size), and that 49
compiled by Holden (1971) against mesh size. Aseem (i.e. Ly, for the 130 mm mesh size) is a length
lection factor 8F) of 3.75 was also calculated by reached somewhere between age four and five, and
the same author for 66 mm-168 mm mesh sizes, giuf recent studies pointing to a shift of spawning to
ing anL, of 48.8 cm for 130 mm. Avalue farof 9 younger ages (Saborido-Rey and Junquera, MS 1995)
was calculated from equation (2) and adopted in thebserved on Flemish Cap over the last years con-
logistic equation (Halliday and White, 1989). firm that the first spawn of cod is now occurring at

age four, then the observed CPUE series should be

Although not tabled in the Halliday and White related with the age 2+ biomass of this stock and the
(1989) work, the selection range for 130 mm for theestimated one with the recent levels of spawning
present study was derived from equation (2) assumstock biomass. For the purpose of this work, spawn-
ing thea and Ly, values mentioned above. Theseing stock biomass was considered to be given by 50%
values were also assumed in equation (1) to give thef age 4 biomass added to the 5+ biomass. Yield rates
130 mm mesh size selection-at-length (% of retenwould then reflect the importance (quantified in
tion) for length groups from 19 cm to 112 cm, (theseterms of proportion in weight) of adult fish in the
values being the minimum and maximum cod lengthexploitable biomass of Flemish Cap cod. Both age
recorded in the trawl catch samples taken durin@+ biomass and Spawning stock biomass are calcu-
1988-95 in Div. 3M cod). lated from 1988-95 EU survey results as a sum of

products of abundances and mean weights-at-age
If, although with the selection range increasing(vazquezet al, MS 1996).

with mesh size, we assume that the raltig/r
remained constant, thanis also kept constant and
the selection curve for 65 mm mesh size has the same
shape.than the one for 130 mm. Bemg solheand Selectivity parameters, selection at length for
selection at length for 65 mm mesh size can be eas-

ily derived from the former selectivity parameters mesh sizes 65 mm and 130 mm as well as the
y yp " 130 mm/65 mm retention rate vector are presented

in Table 1.

Results and Discussion

For each length group within the length range
of the catch, a retention rate is finally given by the In Table 2 are given the details of the calcula-

ratio between the selections for 130 mm and 65 MMy of the annual yield rates from 1988 to 1995, to
representing at each length the proportion of cogyg appjied to the catch rate observations of each year
retained in a 65 mm codend that will also be caughf, grder to build the estimated 130 mm catch rate
If the mesh size doubled. matrix. Obviously for 1995, the length frequency

o used is representative of the Div. 3M trawl catches
Multiplying the observed per thousand lengthony 1o April. The annual yield rates are shown
frequency vector of the annual catch by thegraphically in Fig. 1.

130 mm/65 mm retention rate vector will give the

catch in numbers at length if a 130 mm mesh size Observed CPUEs standardized by the additive
had been used (the first length frequency vector wiland multiplicative models are presented in Tables 3
totalize a thousand fish and the second a somewhand 4. The 1995 CPUE values can be considered rep-
smaller number). The catch in numbers at lengthresentative of the cod trawl fishery since we esti-
from both length frequency vectors are converted irmate that in 1995 about 85% of the Portuguese trawl
catch in weight-at-length using the respective mearatches had been taken during the first quarter of
weights-at-length given by length/weight relation- the year, prior to the effective enforcement of 130
ship from the EU survey of the same year. The catclnm mesh size in the codend. In Fig. 2 annual CPUEs
in weight-at-length from each length frequency vec-standardized by the two models are compared, both
tor is summed up, giving each year the yield thaseries represented as a proportion of the respective
will be obtained from one thousand cod if a 65 mm1990 value (the year with a maximum of CPUE ob-
or 130 mm had been used in the codend. The annuakrvations recorded). Although showing the same
yield rate was finally given by the ratio between thegeneral trend, the multiplicative series presents a
total catch in weight for 130 mm and 65 mm meshlarge interannual fluctuation of the CPUEs from 1991
sizes. to 1994, which is in contrast with the smooth and
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TABLE 1. Cod, Division 3M. Selection parameters and retention rates for 130 mm against 65 mm

mesh size.
Mesh size (cm) 6.5 13
SF 3.75 3.75 (Holden, 1971)
r=~LoL,e 5.951 11.902
L, 24.4 48.8
L,s-Loe/Leq 0.244 0.244
a > 9 9 (Clay, 1979)
Selection at length Retention rate
Length group 65 mm 130 mm 130 mm/65 mm
19 0.121 0.004 0.034
22 0.294 0.007 0.024
25 0.557 0.012 0.022
28 0.792 0.021 0.027
31 0.920 0.036 0.040
34 0.972 0.062 0.063
37 0.991 0.103 0.104
40 0.997 0.166 0.166
43 0.999 0.257 0.257
46 1.000 0.376 0.376
49 1.000 0.512 0.512
52 1.000 0.646 0.646
55 1.000 0.760 0.760
58 1.000 0.847 0.847
61 1.000 0.906 0.906
64 1.000 0.944 0.944
67 1.000 0.967 0.967
70 1.000 0.981 0.981
73 1.000 0.989 0.989
76 1.000 0.994 0.994
79 1.000 0.996 0.996
82 1.000 0.998 0.988
85 1.000 0.999 0.999
88 1.000 0.999 0.999
91 1.000 1.000 1.000
94 1.000 1.000 1.000
97 1.000 1.000 1.000
100 1.000 1.000 1.000
103 1.000 1.000 1.000
106 1.000 1.000 1.000
109 1.000 1.000 1.000
112 1.000 1.000 1.000

continuous growth of the additive series for the same&reased the noise in the results, making more diffi-
period of time This interannual variability seemscult the comparison between commercial and sur-
more related with the introduction of the vessel facwvey indices, we decided for discussion purposes, to
tor in the multiplicative model and the rejection by focus only in the observed and estimated CPUE se-
the model of vessels with a very small number ofries given by the additive model.

observations than with abrupt fluctuations in stock

abundance, not reflected either in the survey bio- Estimated CPUEs for 130 mm mesh size, given
mass indices or in the additive series (Table 3, Fig.3)y the additive model, and spawning stock biomass,
Taking into account that the use of the multiplica-given by 50% of age 4 biomass added to the age 5+
tive model with this small set of observations in-biomass, are presented in Table 5 and Fig. 4.
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TABLE 2. Cod, Division 3M. Annual yield rate between a catch weight estimated of 1 000 fish would pass through a
130 mm mesh size codend and the weight of 1 000 fish caught with 65 mm mesh size codend. (Length
weight relationships derived from EU 1988-95 July bottom trawl surveys)

Length Length frequency Mean weight Catch weight Retention rate Length frequency Catch numbers
group 65 mm (%o) 65 mm (Q) 65 mm (kg) 130 mm/65 mm 130 mm (%) 130 mm (kg)
1988
a = 0.006535 (Vazquez, MS 1996)
b =3.0901
19 1 58 0.1 0.034 0.0 0.0
22 17 92 1.6 0.024 0.4 0.0
25 61 136 8.3 0.022 1.3 0.2
28 91 194 17.6 0.027 2.4 0.5
31 202 265 53.6 0.040 8.0 2.1
34 252 353 88.9 0.063 16.0 5.6
37 190 458 87.1 0.104 19.7 9.0
40 105 583 61.2 0.166 17.5 10.2
43 50 729 36.5 0.257 12.9 9.4
46 18 898 16.2 0.376 6.8 6.1
49 7 1092 7.6 0.512 3.6 3.9
52 2 1312 2.6 0.646 1.3 1.7
55
58
61 1 2148 2.1 0.906 0.9 1.9
64 2 2 492 5.0 0.944 1.9 4.7
67 1 2871 2.9 0.967 1.0 2.8
Total 1000 391 94 58
Yield rate 88 0.149
1989
a=0.006734 (Vazquez, MS 1996)
b =3.0801
22 0.6 92 0.1 0.024 0.0 0.0
25 3.6 136 0.5 0.022 0.1 0.0
28 9.1 193 1.8 0.027 0.2 0.0
31 24.6 264 6.5 0.040 1.0 0.3
34 46.8 351 16.4 0.063 3.0 1.0
37 84.5 456 38.5 0.104 8.7 4.0
40 137.2 579 79.5 0.166 22.8 13.2
43 178.9 724 129.4 0.257 46.0 33.3
46 182.9 891 162.9 0.376 68.7 61.2
49 159.2 1082 172.2 0.512 81.4 88.1
52 98.8 1299 128.4 0.646 63.8 82.9
55 46.7 1544 72.1 0.760 35.5 54.8
58 16.6 1819 30.2 0.847 14.1 25.6
61 3.7 2125 7.8 0.906 3.3 7.1
64 2.0 2 463 5.0 0.944 1.9 4.7
67 1.7 2 836 4.8 0.967 1.7 4.7
70 1.4 3 246 4.7 0.981 1.4 4.6
73 1.5 3694 5.6 0.989 1.5 5.5
TOTAL 1000 866 355 391

Yield rate 89 0.451
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TABLE 2. (Continued). Cod, Division 3M. Annual yield rate between a catch weight estimated of 1 000 fish would
pass through a 130 mm mesh size codend and the weight of 1 000 fish caught with 65 mm mesh size codend.
(Length weight relationships derived from EU 1988-95 July bottom trawl surveys).

Length Length frequency Mean weight Catch weight Retention rate Length frequency Catch numbers
group 65 mm (%o) 65 mm (Q) 65 mm (kg) 130 mm/65 mm 130 mm (%) 130 mm (kg)
1990
a=0.008002 (Vazquez, MS1996)
b =3.0422
19 0.4 62 0.0 0.034 0.0 0.0
22 4.9 97 0.5 0.024 0.1 0.0
25 14.3 143 2.1 0.022 0.3 0.0
28 10.0 202 2.0 0.027 0.3 0.1
31 17.5 276 4.8 0.040 0.7 0.2
34 40.9 365 14.9 0.063 2.6 0.9
37 81.0 472 38.2 0.104 8.4 4.0
40 132.4 598 79.2 0.166 22.0 13.2
43 161.9 746 120.7 0.257 41.7 31.1
46 146.8 915 134.2 0.376 55.2 50.5
49 124.6 1109 138.2 0.512 63.7 70.7
52 92.4 1329 122.7 0.646 59.7 79.3
55 66.4 1577 104.7 0.760 50.5 79.6
58 44.6 1853 82.6 0.847 37.7 69.9
61 28.1 2 160 60.8 0.906 25.5 55.0
64 18.0 2 500 44.9 0.944 16.9 42.4
67 8.1 2874 23.4 0.967 7.9 22.6
70 3.6 3284 11.7 0.981 3.5 11.5
73 1.0 3731 3.8 0.989 1.0 3.8
76 0.6 4217 25 0.994 0.6 2.5
79 0.4 4744 2.0 0.996 0.4 2.0
82 0.7 5314 3.6 0.998 0.7 3.6
85 0.1 5928 0.5 0.999 0.1 0.5
88 0.3 6 587 2.2 0.999 0.3 2.2
91 0.2 7 294 1.2 1.000 0.2 1.2
94 0.1 8 051 0.7 1.000 0.1 0.7
97 0.3 8 858 2.3 1.000 0.3 2.3
100 0.1 9718 0.8 1.000 0.1 0.8
103 0.1 10 633 0.9 1.000 0.1 0.9
106 0.1 11 603 1.0 1.000 0.1 1.0
TOTAL 1 000 1 008 401 552
Yield rate 90 0.548
1991
a=0.00853 (Vazquez, MS 1996)
b =3.0212
19 1.0 62 0.1 0.034 0.0 0.0
22 5.2 97 0.5 0.024 0.1 0.0
25 16.8 143 2.4 0.022 0.4 0.1
28 17.5 201 3.5 0.027 0.5 0.1
31 70.1 273 19.2 0.040 2.8 0.8
34 109.3 361 39.5 0.063 6.9 2.5
37 128.6 466 60.0 0.104 13.3 6.2
40 140.7 590 83.0 0.166 23.4 13.8
43 130.2 734 95.6 0.257 33.5 24.6
46 54.7 900 49.3 0.376 20.6 18.5
49 26.8 1090 29.2 0.512 13.7 14.9

52 37.4 1304 48.8 0.646 24.2 31.5
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TABLE 2. (Continued). Cod, Division 3M. Annual yield rate between a catch weight estimated of 1 000 fish would
pass through a 130 mm mesh size codend and the weight of 1 000 fish caught with 65 mm mesh size codend.
(Length weight relationships derived from EU 1988-95 July bottom trawl surveys).

Length Length frequency Mean weight Catch weight Retention rate Length frequency Catch numbers

group 65 mm (%o) 65 mm (Q) 65 mm (kg) 130 mm/65 mm 130 mm (%o) 130 mm (kg)
(1991 cont'd)
55 69.5 1 545 107.4 0.76 52.8 81.6
58 56.1 1814 101.7 0.847 47.5 86.1
61 47.8 2112 100.9 0.906 43.3 91.4
64 38.5 2442 93.9 0.944 36.3 88.6
67 17.1 2 805 48.0 0.967 16.5 46.4
70 21.8 3202 69.7 0.981 21.3 68.3
73 5.6 3634 20.5 0.989 5.6 20.2
76 1.3 4105 5.4 0.994 1.3 5.4
79 2.6 4614 12.2 0.996 2.6 12.2
82
85 0.6 5 756 3.4 0.999 0.6 3.4
88 0.3 6 392 1.6 0.999 0.3 1.6
91 0.2 7 073 1.6 1.000 0.2 1.6
94
97
100 0.3 9 405 2.4 1.000 0.3 2.4
TOTAL 1000 1000 368 622
Yield rate 91 0.622
1992
a=0.008881 (Vazquez, MS 1996)
b=3.0163
25 12.5 146 1.8 0.022 0.0 0.0
28 130.7 206 26.9 0.027 3.5 0.7
31 358.4 280 100.3 0.040 14.2 4.0
34 217.6 370 80.5 0.063 13.8 5.1
37 114.4 477 54.6 0.104 11.8 5.6
40 61.2 604 36.9 0.166 10.2 6.1
43 43.2 751 32.4 0.257 11.1 8.3
46 22.1 920 20.4 0.376 8.3 7.7
49 10.6 1113 11.8 0.512 5.4 6.0
52 9.1 1332 12.2 0.646 5.9 7.9
55 8.9 1577 14.0 0.760 6.7 10.6
58 4.7 1851 8.7 0.847 4.0 7.3
61 2.3 2 156 5.0 0.906 2.1 4.5
64 1.6 2 491 4.1 0.944 1.5 3.9
67 0.9 2 861 2.5 0.967 0.8 2.4
70 0.5 3 265 1.7 0.981 0.5 1.7
73 0.5 3 706 1.7 0.989 0.5 1.7
76 0.1 4184 0.4 0.994 0.1 0.4
79 0.2 4702 0.8 0.996 0.2 0.8
82 0.3 5261 1.7 0.998 0.3 1.7
85 0.2 5 864 1.0 0.999 0.2 1.0
TOTAL 1000 419 101 88

Yield rate 92 0.209
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TABLE 2. (Continued). Cod, Division 3M. Annual yield rate between a catch weight estimated of 1 000 fish would
pass through a 130 mm mesh size codend and the weight of 1 000 fish caught with 65 mm mesh size codend.
(Length weight relationships derived from EU 1988-95 July bottom trawl surveys).

Length Length frequency Mean weight Catch weight Retention rate Length frequency Catch numbers
group 65 mm (%o) 65 mm (Q) 65 mm (kg) 130 mm/65 mm 130 mm (%) 130 mm (kg)
1993
a=0.007502 (Vazquez, MS 1996)
b =3.0572
22 3.2 95 0.3 0.024 0.1 0.0
25 39.5 141 5.6 0.022 0.9 0.1
28 44.0 199 8.8 0.027 1.2 0.2
31 85.3 272 23.2 0.040 3.4 0.9
34 148.9 361 53.7 0.063 9.4 3.4
37 200.6 467 93.7 0.104 20.8 9.7
40 209.9 593 124.4 0.166 34.9 20.7
43 104.7 740 77.4 0.257 26.9 19.9
46 58.8 909 53.5 0.376 22.1 20.1
49 27.1 1103 29.8 0.512 13.8 15.3
52 17.8 1322 23.5 0.646 11.5 15.2
55 15.5 1570 24.4 0.760 11.8 18.5
58 11.0 1 846 20.3 0.847 9.3 17.2
61 8.0 2 154 17.2 0.906 7.2 15.6
64 6.9 2 495 17.3 0.944 6.5 16.3
67 7.8 2870 22.4 0.967 7.5 21.6
70 3.2 3281 10.7 0.981 3.2 10.5
73 2.8 3730 10.3 0.989 2.7 10.2
76 2.5 4219 10.5 0.994 2.5 10.4
79 0.9 4749 4.1 0.996 0.9 4.1
82 1.0 5322 5.1 0.998 1.0 5.1
85 0.4 5 940 2.1 0.999 0.3 2.1
88 0.1 6 605 0.6 0.999 0.1 0.6
91 0.1 7 317 1.1 1.000 0.1 1.1
94
97 0.05 8 895 0.4 1.000 0.0 0.4
100 0.05 9763 0.5 1.000 0.0 0.5
103
106 0.05 11 667 0.6 1.000 0.0 0.6
109
112 0.05 13 805 0.7 1.000 0.0 0.7
TOTAL 1 000 642 198 241
Yield rate 93 0.375
1994
a=0.006065 (Vazquez, 1996)
b =3.1249
25 0.1 142 0.0 0.022 0.0 0.0
28 0.4 202 0.1 0.027 0.0 0.0
31 62.5 277 17.3 0.040 25 0.7
34 102.7 370 38.0 0.063 6.5 2.4
37 160.2 482 77.3 0.104 16.6 8.0
40 224.4 615 138.1 0.166 37.3 23.0
43 170.5 771 131.5 0.257 43.9 33.8
46 147.3 952 140.3 0.376 55.4 52.7

49 73.0 1160 84.7 0.512 37.4 43.3
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TABLE 2. (Continued). Cod, Division 3M. Annual yield rate between a catch weight estimated of 1 000 fish would
pass through a 130 mm mesh size codend and the weight of 1 000 fish caught with 65 mm mesh size codend.
(Length weight relationships derived from EU 1988-95 July bottom trawl surveys).

Length Length frequency Mean weight Catch weight Retention rate Length frequency Catch numbers
group 65 mm (%o) 65 mm (Q) 65 mm (kg) 130 mm/65 mm 130 mm (%) 130 mm (kg)

(1994 cont'd)

52 35.5 1397 49.6 0.646 22.9 32.0
55 12.9 1665 21.4 0.760 9.8 16.3
58 5.7 1 965 11.2 0.847 4.8 9.5
61 3.2 2 300 7.5 0.906 2.9 6.8
64 1.4 2673 3.7 0.944 1.3 3.5
67
70
73
76
79
82
85 0.1 6 487 0.9 0.999 0.1 0.9
88
91 0.1 8 029 1.1 1.000 0.1 1.1
TOTAL 1 000 723 242 234
Yield rate 94 0.324
1995
a=0.007204 (Vazquez, MS 1996)
b =3.0632
31 0.9 267 0.2 0.040 0.0 0.0
34 19.3 354 6.8 0.063 1.2 0.4
37 48.0 458 22.0 0.104 5.0 2.3
40 126.4 582 73.6 0.166 21.0 12.2
43 215.1 726 156.2 0.257 55.3 40.2
46 176.8 893 157.9 0.376 66.5 59.4
49 122.7 1084 133.0 0.512 62.8 68.0
52 82.7 1300 107.5 0.646 53.4 69.4
55 58.4 1544 90.2 0.760 44.4 68.6
58 46.6 1817 84.6 0.847 39.4 71.7
61 32.1 2120 68.1 0.906 29.1 61.7
64 20.1 2 456 49.3 0.944 19.0 46.6
67 8.9 2 826 25.2 0.967 8.6 24.3
70 7.4 3232 23.9 0.981 7.3 23.5
73 5.7 3675 21.1 0.989 5.7 20.8
76 7.5 4158 31.2 0.994 7.4 31.0
79 5.7 4681 26.9 0.996 5.7 26.8
82 4.5 5248 23.4 0.998 4.5 23.4
85 3.4 5 858 19.9 0.999 3.4 19.9
88 2.7 6 515 17.3 0.999 2.7 17.3
91 2.2 7 220 15.7 1.000 2.2 15.7
94 1.4 7974 11.2 1.000 1.4 11.2
97 0.8 8779 6.6 1.000 0.8 6.6
100 0.3 9 638 2.8 1.000 0.3 2.8
103 0.3 10 551 2.7 1.000 0.3 2.7
106
109 0.2 12 549 2.7 1.000 0.2 2.7
TOTAL 1 000 1180 447 729

Yield rate 95 0.618
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0.7 the minimum and maximum observed before, do not
show, however, the same pattern of variation within
0.6 - 2 years. In fact the yield rate increased in 1993, due to
/'/ \ growth of cod from the 1990 cohort, but slightly
0.5 declined again in 1994. This could mean that the rela-
- /"/ \ tively abundant 1990 year-class had a short passage
.;‘_f 0.4 through the fishery, and in 1994 had already started
\ /\/ to be replaced by the 1991 year-class (Avila de Melo
03 et al., MS 1993; Alpoimet al, MS 1994; Avila de
Melo et al, MS 1995). From the 1988-95 survey
0.2 -/ results (Vazquez, MS 1996), this 1991 year-class was
the most abundant cohort at ages 1 and 2, and the
1 e85 1989 1990 1991 1997 1993 1994 1955 individual growth of its survivors was still respon-

sible for the increase in the yield rate in 1995
Fig. 1. Yield rates ofcod in Division 3M to convert (Godinhoet al, MS 1996).
observed to 130 mm CPUEs.
The contradiction between the observed CPUE
and the age 2+ biomass trends was evident: the age
2+ biomass presents an overall decline from 1989

The annual yield rates, presented for each yeaqmwards, only interrupted in 1993 with the contri-

(Table 2) are as follows: bution of the 1991 cohort to the exploited stock,
while CPUEs steadily increased from 1990 to 1994,
Year Yield Rate just as if a reduction of stock biomass would have,
on the short term, a positive effect in the fishery
1988 0.148 (Table 3, Fig. 3). The "magic" quickly ended in 1995,
1989 0.451

with the observed CPUE "back to the real world" at

133(1) 8:2;’? the same speed that stock biomass reached the low-
1992 0.209 est levels. This apparent contradiction can be ex-
1993 0.375 plained by the behaviour of Flemish Cap cod regard-
1994 0.324 ing its distribution over the bank during this recent
1995 0.618 decline of the population. From the maps presented

on Fig. 5 a progressive shrinkage of Div. 3M cod

distribution is evident since 1991 and, for 1994 and

1995, the remainder of the population was confined

These values, regarded as conversion factors tm small patches on the southern central and eastern

estimate CPUEs for 130 mm mesh size from the obparts of Flemish Cap. These dense concentrations of
served values, two distinct periods of the recent trawtod could easily be tracked by experienced skippers
fishery in Div. 3M can be easily identified (Fig. 1). and rapidly produce excellent yields until near ex-
The first one, from 1989 to 1991, presents a steadhaustion of the fish stock.
increase of the yield rates as a consequence of the
individual growth from one year to the next of the When comparing estimated CPUEs for 130 mm
survivors from both 1985 and 1986 year-classesnesh size with spawning stock biomass, each series
which, till 1991, were still well represented in the again presented a different trend, but in this case
trawl catch (Godinho, MS 1989; Avila de Meket  estimated CPUEs for "adult" cod fluctuated from
al., MS 1990; Godinhet al., MS 1991; Alpoimet 1989 onwards around a level three times higher than
al., MS 1992). Over exploitation lead those year-the one recorded in 1988, while spawning stock bio-
classes to an almost null presence in the trawl catchasass fell between 1990 (its maximum in recent
next year, justifying the drop in the yield rate fromyears) and 1992, and remained at a very low level
1991 to 1992 (i.e. a sharp decline of the proportiorthereafter (Table 5, Fig. 4). The survival of the year-
in weight of adult fish in the exploitable stock). The classes from the mid-1980s were still big enough to
second period, although presenting also an increasaduce an increase in the spawning stock biomass
of the yield rate from a minimum in the first year during 1989 and 1990. However, the good recruit-
(1992) to a maximum in the last (1995), both aroundnents from the early-1990s did not have the same
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TABLE 3. Portuguese trawl catch rates for cod in Div. 3M during 1988-95: observed mean annual CPUEs
corrected for the month of each observation. Stock biomass 2+ from EC survey. Relative values
(BIOMr2+ and CPUETr) to 1988.

CPUE
Year (ton/hr) ST. ERROR C.v. BIOM.2+ BIOMR2+ CPUEr
1988 0.507 0.133 64.1 32 896 0.6 1.0
1989 0.821 0.048 17.4 99 220 1.9 1.7
1990 0.485 0.100 65.0 51 063 1.0 1.0
1991 0.694 0.434 88.5 29 608 0.6 1.4
1992 0.890 0.222 50.0 18 937 0.4 1.8
1993 0.973 0.185 56.9 54 982 1.1 2.0
1994 0.998 0.167 44.3 42 584 0.8 2.1
1995 0.493 0.172 85.5 8 692 0.2 1.0

TABLE 4. Portuguese trawl catch rates for cod in Div. 3M during 1988-95: observed mean and CPUEs standardized
by a multiplicative model.

Name of the factor Cases Factor s(f) Catch Effort Y/t
Total 75 8 977 10 683 0.84
FACTOR: Vessel
1 33 1.000 0.054 4 037 4 644 0.87
4 6 0.806 0.079 310 309 1.00
2 21 1.008 0.139 2 885 3 548 0.81
5 6 0.815 0.169 516 828 0.62
8 9 0.926 0.409 1230 1354 0.91
FACTOR: Year
1988 5 1.271 0.226 378 505 0.75
1989 12 2.116 0.160 2 320 2770 0.84
1990 21 1.000 0.134 1337 2298 0.58
1991 2 1.198 0.651 30 37 0.81
1992 3 2.610 0.639 432 554 0.78
1993 15 1.898 0.191 2 220 1776 1.25
1994 9 2.994 0.295 1741 1786 0.97
1995 8 0.891 0.173 518 957 0.54
FACTOR: Month
1 8 2.650 0.334 945 832 1.14
2 6 3.399 0.867 370 392 0.94
3 6 1.144 0.376 186 487 0.38
4 5 1.491 0.450 234 315 0.74
5 8 1.979 0.171 1321 1403 0.94
6 9 1.000 0.131 651 822 0.79
7 4 1.317 0.286 684 1074 0.64
8 5 0.871 0.150 735 1093 0.67
9 6 1.088 0.145 860 1012 0.85
10 5 1.281 0.159 1329 1264 1.05
11 7 1.331 0.225 737 837 0.88
12 6 0.932 0.269 926 1152 0.80
FACTOR: Area
Div. 3M 75 0.346 0.015 8 977 10 683 0.84
Power = 1
testnon = 0.671 39-36
Skew = 0.271
Curtosis = 1.394

Deternation coefficient: 0.229
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Fig. 2. Observed CPUESs series: additiwversusmultipli-

cative model.

Fig. 3. Age 2+ biomassersusobserved CPUEs (from

EU surveys and Portuguese trawlers).

TABLE 5. Portuguese trawl catch rates for cod Div. 3M, 1988-95: estimated mean annual
CPUEs for 130 mm mesh size, corrected for the month of each observation.
Spawning stock biomass from EC survey (SSB) as 50% biomass age 4 add to 5+
biomass. Relative values (SSBr and CPUEr) to 1990.

CPUE SSB
Year (ton/hr)  ST. ERROR C. V. (tons) SSBr CPUEr
1988 0.106 0.032 75.1 9 372 0.2 0.4
1989 0.379 0.028 21.9 24 754 0.6 1.5
1990 0.257 0.062 76.7 40 744 1.0 1.0
1991 0.382 0.170 63.0 16 875 0.4 1.5
1992 0.229 0.068 59.7 6 095 0.1 0.9
1993 0.370 0.073 59.1 6 216 0.2 1.4
1994 0.326 0.053 42.8 7 145 0.2 1.3
1995 0.324 0.078 58.6 3712 0.1 1.3
= SSB der of the abundant cohorts from mid-1980s and for
16 A 130mm CPUES|  |ast years of the study period remained at a high level
14 A A A by the shrink fth lation distributi I
~ y the shrinkage of the population distribution, also
12 / \ / reflected in adult cod.
w L
R A VEAV/ _
) Conclusions
% 0.8 . .
06 / _/ \ Flemish Cap is an ecosystem where the abun-
' J / \ dance of its fish populations is basically determined
04 / by fishing mortality. Cod in Div. 3M did not suffer
0.2 e any additional (and unquantified) natural mortality,

Fig. 4. SSBversus 130 mm CPUEs (from EU surveys

1988 1989 1990 1991 1992 1993 1994 1995

and Portuguese trawlers).

such as those caused by extreme oceanographic
anomalies, predation by seals or starvation in deep
waters as have been reported in neighbouring stocks.
The state of the stock at the end of the study period
was near collapse. Our view is that it is due to a high
and rapid concentration of fishing effort on a popu-

chance and so the adult component of this stockation that was declining. This stock had shown a
ended near to collapse in 1995. The correspondingronounced shrinkage of its distribution, while
estimated CPUEs first took advantage of the remainsustaining a fishery prosecuted by an effective fleet
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which showed improving yields. Therefore, whenmains unchanged. Accordingly, tuning matrices de-
stock assessments are done for cod in Div. 3M, it isived from commercial catch rates-at-age should not
necessary to be cognisant of this opportunistic scebe used in any type of calibration of the previous
nario of recruitment based casual fishery which reyear's fishing mortalities, for any age in the population.
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Fig. 5. Distribution of cod in Div. 3M from the half-hour catches of EU bottom trawl surveys on Flemish Cap,

1988-91.
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