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INTRODUCTION

The last year analysis of the cod stock in Division 3M for 1988 to 1995
(Vazquez et al. 1996) is reviewed and updated with 1996 data,

The 1936 cod fishery was almost residual: most of the fleets
traditionally aimed to 3M cod didn’t participate. Most of the catch was cbtained
by the Portugueseé stern trawlers as a direct ced fishery concentrated in
February-April and December. Portuguese gillnetters, Spanish pair-trawlers,
Farcese longliners and Non-Contracting Party vessels reduced substantially their
presence and catches, Cod by-catch in the shrimp fishery has been negligible.

MATERTAL AND - METHODS

Commerciai fishery data

The 3M catch and effort data series for Portugal and Spain have been
reconstructed for the 1988-1994 period by an extended revision of skippers log-
books ‘from each component of the national fleets (Vazguez et al. 159%5). Spanish

- catch and effort data for 1995 and 1996 was derived from STATLANT - Z1B.
Portuguese catch and effort data for 1995 were derived the same way has in the
previous period, and for 1996 were taken from Portuguese STATLANT 21B. The use
of STATLANT data for the last couple of years is justified by the fact that all
EU vessels fishihg in NAFQ Regulatory Area had an independent cbserver con board
since May 1995.

The 1596 total cod catch is estimated to be around 2,600 tons (Table 1),
which represents a drastic decline from the 1994 estimated level of 30,000 tons.
Canadian Surveillance reports rises the total cod catch figure to 3,925 tons.

Sampling catch

Sampling of commercial catches was in 1996 only available for Portugal
{Alpoim et al. 1997). Portuguese catches were sampled on board for trawl on
March, May and December. Gillnets catches were not sampled, but catches for this
fleet were very low.

For 1996 sampling included length frequencies of the total catch of the
hauls and the stratified subsamples of otoliths. Mean weight in the catch and
mean weight at age were calculated using 3M cod length-weight relationship
obtained from EU bottom trawl survey on Flemish Cap in July 1996 (Vazquez 1997).

Data files for Extended Survivors Analysis (XSA)

The 1996 landing data file includes the STATLANT catches of Portugal,
Spain and Faroe Islands |[provisional) as well as the catch estimates for Non-
Contracting Parties from Canadian Surveillance. :

For 1996, length and age structure of the gillnet catches were considered
identical to the length and age structure of the trawl catches from May since
most of the gillnet catches were taken during the second quarter of the year.

The 1996 cod catch by Spanish pair-trawlers and Non-Contracting Parties
were consldered teo have a length structure similar to the Portuguese ‘trawl
catch, and were broken down in numbers at age using the mean weight in the catch
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and the'age compeaition of this catch fraction. The same rational was applied to
the Faroese longline catch as regards gillnet catches. The total numbers for
1956 were then incorporated in the catch-at-age data file (Table 2).

The 1996 mean weights-at-age used to update the catch weights-at-age data
file wWwere derived from Portuguese trawl data. The stock weights-at-age were
calculated using the EY survey data (Table 3).

Natural mortality was assumed at 0.2.

Abundance at age indices as calculated in the EU survey (Vazquez 1997)
were used to tuning the Analysis (Table 4). Abundance in 1994 survey was
recalculated excluding an out of norm haul where half of the total catch of the
whole survey had been taken. The effect of this modification on total stock
biomass estimate is to smooth its evolution from 1993 to 1995, Abundance at age
indices from Russian trawl survey (Kiseleva 1997) (Table 5} were also used
together with EU survey data in trial runs of the XSA program. However, the
Russian survey was not incorporated in the final run due to the poor results of
the catchability analysis.

No. effort/catch at age matrices from commercial CPUE series were used in
the present analysis due to the discrepancy cobserved between survey biomass and
CPUE trends over the time periocd considered {Avila de Melo and Alpoim, 1996).

RESULTS AND DISCUSSIOM

An Extended Survivor Analysis (Darby and Flatman 1994) was carried out
for ages 1 to B+ and years 1988 to 1996 (Table 6}. Due to high levels of catches
at age 2 cbserved in some years, ages 1 and 2 were considered in the present
analysis although an increase is generally observed in the survey abundance
indices from ages 1 to 3 for most of the 1988/1993 c¢ohorts. Due to low t values
on the regression analysis of catchability for age 2 and older, catchability was
congsidered independent of year-class strength from age 2 onwards, and was
considered independent of age for age 5 and older.

- Total biomass, spawning stock biomass ({SSB) as biomass age 5+ and
recruitment abundance from 1988 to 1996, all of them from X5A, are presented in
Figure 1. According to mest recent analysis, cod spawned at a younger age in the
last years than in the past: age at first maturity traditionally occurs at age
5, but it was observed at age 4 and younger since 1994 ({Saborido-Rey 1997},
First maturity at younger agesa, together with the relatively abundant survivors
of the 1991 year-class, induced an increase of the spawning stock biomass level
in 1994 and 1995. However this increase was not reflected in the strength of the
1994 and 1995 year-classes, which are the weakeat in the time series, according
to the EU survey. The available data suggests that the rejuvenation of the
spawning atock blomasa implied a decline on relative fecundity.

Total biomass from X84 results declines from the highest level between
65,000 and 110,000 tons recorded in 1%88-1990 period to an intermediate level
around 50,000 tons observed between 1991 and 1994. This decline seems to be
related with the overexploitation of the abundant 1985 and 1986 cochorts. High
fishing mortalities are observed throughout the age range of the exploited
population during this period (Figure 2). In 1994 the population was already
basically restrained to the survivors of the abundant 1991 and 1990 year-classes
but fishing mortaljties on the correspondent age groups were still kept greater
than 1 in 1994 and 1995. This fishing strategy lead to a further decline of the
bicmass to a level of arocund 25,000 tons in 1995 and 13,000 tons in 1896, the
lowest recorded in the time serles.

 Biomass indices from EU surveys generally agree with XSA results. The
Canadian survey of Flemish Cap in 1996 estimated total cod biomass by swept area
method as 9,300 tons (Brodie et al, 1%97), so at the same level of both 1996 EU
survey and XSA results. Russian survey results also show a sharp decline of
stock biomass from 1935 (8,300 tons} to 1996 (700 tons). However this decline js
too dramatic to be only explained by the present status of the 3M cod stock,
taking into account the residual level of the fishery in 1996,
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‘ Table 1 - Total cod cateh on Flemish Cap. Reported nominal catches and
actual estimatiecns. (tons} . .

‘total . T ..  reported e ERL . -
esti-' e et EE = e — s e
year mated Farc. Japan Korea Norw. Port. Russ. Spain
1988 28899 1100 5 6 421 39 141 6 1718
1989 48373 3B 321 170 10 378 917
1990 40827 1262 24 815 551 22 87 1 2762

1991 16220 2472 54 B2 795 2838 1 1416 26 1196 8980




3 - Weights at age in bokth catch and stock.

{Kg)

stock

4 -~ EU survey abundance at age used for tuning XSA
{B+ group not used).

B n+ =

{0000) .
biomass of fish age n and clder (tons)

51155
51063
49059
47461
34027
12217

2659

1352

22780
18937
2820
7493
4697
4136
792
134

Table 5 - Russian Lrawl survey

['000)

abundance at age according te Kiseleva

abundance

(1997).

biomass
{tons)



Table 6 -

Extended Survivors Analysis
BACALAC 3M 1997, 8+

CPUE data from file \VPA\data\COD97g.Tun

Catch data for 9 years. 1988 to 1996. Ages 1 to 8.

Fleet, First, Last, First, Last, Alpha, Beta

’ year, year, age , age . :

EU-SURV . 1988, 1996, 1, 7, .500, -600
Time series weights

Tapered time welghtlng applled~

Power = 3 over 10 years
Catchability analysis :

Catchablllty dependent on: stock 51ze for ages < o2

RegreSSLOn type = C
Minimum of

Catchability independent of age-for‘edesﬁ>;

Terminal populatlon estlmatlon e
Final estlmates not shrunk towards mean "F

Minimum standard error for populatlon
estimates derived from each fleet =

‘Prior weighting not applied -

Tuning converged after - 29 iterations .

Regression weighfs' Lo LT
. 116, .2B4,  :482,° .670, % .

5 points used for regre551on . .
Survivor estimates not shrunk to the populatlon mean?*“

L ARTN

.30

L1921,

(976,

Results of the Extended Survivors Analysis.

Ol.: .' N

.997,

1.000




Fishing Mortalities and F(ages 3-5)

year
1988

1990 1991
0.000 0.000
0.016 0.028
0.241 0.501
0.971 0.355
1.327 0.513
1.340 0.750
0.677 0.808

XS8A population numbers {Thousands)
term = Estimated population abundance at 1lst

3630 4580 989
742 481 2780
160 18 314

0 0 0

year

1988

1 16900
2 66400
3 83900

4 : 30100

5 : 40990

6 : 927
7z 738

g : 0

B 1+ : 69273
B 2+ : 68749
B 3+ : 61910
B 4+ : 36069
B 5+ : 15661
B 6+ : 7591
B 7+ ¢ 4260
B 8+ : ¢

109426
108454
135100
77401
299717
6850
1639

0

1,

1990 1991 1992
27700 69600 68800
18100 22600 57000
11300 14600 18000
28000 7250 7230
16300 8680 4160

3420 3540 4260

849 734 1370
0 0 0
67940 47268 59102
66859 43509 55387
63782 39758 41365
59918 32531 32545
36230 26332. 22589
11763 12348 15509
3466 3123 4292
0 0 0

AGE

2, 3,

4,

Estimated population abundance at lst Jan 1997

r

Se

G,

7,

0.00E+00, 1.30E+02, 1.94E+03, 4.91E+03, 9.89E+02, 2.78E+03, 3.14E+02,

Taper welghted geometric mean of the VPA populations:

’

6.90E+03, 1.31E+04, 1.41E+04, 8.14E+03, 3.79E+03, 9.83E4+02, 2.02E+02,

Standard error of the weighted Log(VPA pecpulations)

2.1565,

1.2832,

1.1375,

~.9881,

.9584,

1.0873,

©1.9768,
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Log catchability residuals.
Fleet EU-SURV
Age , 1988, 1989, 1990, 1991,
1, -.69, .44, -1.73; .15,
2, =-.15, 1.22, -.68, -.13,
3, ~.34, .69, -.59, 50,
4 , -.09, .62, .61, -.49,
5, -.28, =-.55, 1.23, .57,
6, -.45, -.84, 1.50, .32,
Ty .00, .01, .02, -.01,

'7 -

1992, 1993, 1994, 1995, 1996

.21, .51, =-.49, .13, .00
-.50, .62, -.08, .05, =-.05
-.63, .40, .15, -.33, .13

.12, -.38, .16, -.17, .14
-.64, 1.06, -1.58, .22, .07
-.02, 1.51, -.89, -1.77, =-.19
-.02, =-.03, - .00, .01, .01

Mean log  catchability and standard error of ages with catchability

independent of year class strength

! 3,
-2.3554,
.4586p

2, .
-1.9290,
-.4832,

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

and constant w.r.t. time . .

4, 6, .

5, 7
-2.8324, -2.8118, -2.8118, -2.8118,
. 9651,

.3563, 1.1849, .01861,




Regression statistics :

Ages with g dependent on year class strength

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Log g
1, .84, 1.052, 3.82, .91, 9, .6, -2.85,

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

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e,' Mean @
2, .97, .147, 2.13, .88, 9, .52,  -1.93,
3, .86, . 933, 3.38, .91, 9, .40, -2,36,
4, .90, . 681, 3.46, .91, q, .34, ~2.83,
5, .70, .835, 4.42, .65, 9, 70, -2.81,
G, .88, . 269, 3.42, .53, 9, 1.14, -2.9%4,
7, "1.00, -1.383, 2.81, 1.00, 9, .01, -2.82,

Terminal year survivor and F summaries :

Age 1
Year class = 1995

Estimated,

Catchability dependent on age and

year class strength

N, Scaled, Estimated

Fleet, Int, Ext, Var,

B Survivors, s.e, 5.2, Ratio, , Weights, F
EU-SURV , 130., .987, .000, .00, 1, 1.000, .000

P shrinkage mean , 13081., 1.28,,., .000, . 000

Weighted prediction
Survivers, int, Ext, N, Var, ¥
at end of year, s.e, s.e, ’ Ratio,

130, ., .99, .0c, 1, .oo0, 000
Age 2 Catchability constant w.r.t. time and dependent on age

Year class = 1994

Fleet, Estimated, Int, Ext,

' Survivaors, S.2, 5.8,
EU-SURV ’ 1935., . 440, . 083,
Weighted prediction :

Survivors, Int, Ext, N, Var, F
at end ol year, s.e, 8.2, P Ratio,

1935., .44, .98, 2, .188, .037
Age 3 Catchability constant w.r.t.

Year class = 1993
Fleet, Estimated, Int, Ext,

' Survivors, 5.8, s.8,
EU-SURV r 4913., . 329, .153,
Weighted prediction
Survivors, Int, Ext, N, Var, I
at end of year, s.2, s.€, ' Ratio,

4913., .33, .15, 3, 464, 124

Var, N, Scaled, Estimated
Ratio, ., HWeights, F
.19, 2, 1.000, -037

time and dependent on age

Yar, N, Scaled, Estimated
Ratio, , Weights, F
.46, 3, 1.000, 124
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Age 4

Year class = 1992

Fleet, Estimated,
’ . Survivors,
EU-SURV , 989 .,

Weighted prediction

)

Survivors, Int, Ext,
at end of year, 5.2, s.e,
989., .26, .14,

Age 5

Year c¢lass = 1991

Flect, Estimated,
N Survivors,

EU-SURV | P 2777.,

Weighted prediction

Survivors, © Int, Ext,

at end of year, S.e, 5.8,
2777., ©L30, .1z,

Int, Ext, Var, N, Scaled,
5.8, 5.2, Ratio, , Weights,
.257, .137, .53, 4, 1,000,
N, Var, F

' Ratio,

4, .534,  .250

Int, Ext, Var, N, Scaled,
s.e, s.e, Ratio, , Weights,
.301, 122, -41, 5, 1.000,
N, var, F

. Ratio,

5, . 406, L300

Catchability constant w.r.t. time and dependent on age :

Estimated
F
.250

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

Estimated
F
L300

Age 6 Catchability constant w.r.t. time and age (fixed at the value for age} 5

Year class = 1990

Fleet, Estimated,
’ Suryivors,

EU-SURV . 314.,

Weighted prediction

Survivors, Int, Ext,

at end of year, s.e, 5.8,
314., .63, .11,

Age 7 Catchability constant w.r.t. time and age (fixed at the value for ége) 5

Year class = 1989

Fleet, Estimated,
- ¢ . Survivors,
EU~SURY ’ 15.,
Weighted prediction

Survivers, Int, BExt,
at end of year, 5.8, 5.8,

15., .30, .04,

Int, Ext, Var, N, Scaled,

s.e, s.e, Ratio, , Weights,
.632, .109, .17, 6, 1.000,
N, Var, ¥

A Ratio,

s, .173,  .228

Int, Ext, Var, N, Scaled,
5.8, s.e, Ratio, r Weights,
L.298, .042, .14, 7, 1.000,
N, Yar, £

’ Ratio,

7, .141, . 000

Estimated
F
226

Estimated
F
, 000




to XS5A results.
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Figure 1 - 3M cod: total biomass, spawning stock biomass {5+ biomass)
abundance of recruitment at age 1 accerding to XSA results.
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Figure 2 - 3M cod: total annual catch and fishing effort (as F 3-5) according
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