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SUMMARY

STANDARDIZED CATCH RATES IN NUMBER AND WEIGHT FOR
Standardized catch rates in number and weight were developed using General Linear Modelling THE SWORDFISH (Xiphias gladius L.) FROM THE SPANISH

(GLM) procedures from 5,931 trips carried out by the Spanish surface longline fleet targeting LONGLINE FLEET IN THE MEDITERRANEAN SEA, 1988-1993.
swordfish in the western Mediterranean from 1988-1993.

The variability rate explained by the model was 14% and 19% for analyses in number and
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ABSTRACT.

Standardized catch rates in number and weight were developed using General Linear Modelling
RESUME (GLM) procedures from 5931 trips carried out by the Spanish surface longline fleet targeting
swordfish in the West Mediterranean from 1988-1993.
Des taux de capture standardisés en nombre et en poids ont été élaborés par la méthode du modele N
The variability rate explained by the model was 14 % and 19 % for analyses in number and
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lindaire générahsé(GLM)hpamrdeS%lsomese ec par la flottille palangri®re espagnole q weight, respectively.

I"espadon dans I'ouest de la Méditerranée de 1988 2 1993.
Le taux de variabilité expliqué par le modele était de 14 % et 19 % respectivement pour les analyses

bre et ids.
en nombre et en poids RESUMEN.

Tasas de captura normalizadas, en nimero de peces y en peso (kg peso vivo), han sido obtenidas
mediante técnicas de Modelo Lineal Generalizado (MLG) a partir de 5931 mareas realizadas por
1a flota espaiiola de palangre de superficie dirigida al pez espada en el Mediterraneo Occidental,

RESUMEN durante el periodo 1988-1993.

La tasa de variabilidad explicada por el modelo fue del 14 % y 19 % para los analisis en numero

Tasas de captura normalizadas, en nimero de peces y en peso (kg peso vivo), han sido obtenidas ;
y peso, respectivamente.

mediante técnicas de Modelo Lineal Generalizado (MLG) a partir de 5.931 mareas realizadas por la flota
espaiiola de palangre de superficie dirigida al pez espada en el Mediterrdneo occidental, durante el perfodo
1988-1993.

La tasa de variabilidad explicada por el modelo fue del 14% y 19% para los andlisis en nimero
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1. INTRODUCTION.

The surface longline fishery targeting swordfish has become a traditional activity in the
Mediterranean Sea. A great number of countries have been carrying out this fishery with the
number of catches for this species and gear exceeding 7000 Tons in recent years.

However, information on this fishery has often been affected by a number of limiting factors that
may be termed "endemic” in the enormous amount of fisheries in the Mediterranean.

-The great number of countries involved in the fishery.

-The dispersion of the fleets and landing ports.

-The abundance of non-industrial fleets that engage in opportunistic activities in relation to the
target species, gear, etc.

These factors, among others, complicate the global tracking of this fishery and omly partial or
local studies have been successfully carried out. They are, however, of great interest.

The above problem has been especially patent on reviewing the data available om catch rates
(ANONYMOUS, 1993), which may on occasion be assumed as abundance indices for stock
assessment.

The information available is often from relatively small areas and/or in formats difficult to
standardize (GARCES & REY, 1984, CAMINAS et al,, 1986, POTOSCHI et al., 1993, DI
NATALE et al., 1993)

Both the national offices and the scientific community involved in the study of this species must
make an effort to coordinate the criteria in order to gather information and carry put analyses.
Along these lines, the framework of an International Commission would seem 1o be the most
appropriate means of tackling this problem.

The standard catch rates of the Atlantic swordfish were recently obtained on a routine basis by
means of GLM based on data from commercial fleets, some of which targeted this species, while
others did not (HOEY et al. 1989; ANONYMOUS, 1989; ANONYMOUS, 1991; HOEY et al,
1993, NAKANO, 1993, MEJUTO, 1993; SCOTT et al., 1993; MEJUTO, 19%94). This has
become a basic, routine task in the assessment of the Atlantic stocks withim the ICCAT
dynamics.

As in the case of the Atlantic, the Generalized Linear Modelling technique (GLM}) (ROBSON,
1966: GAVARIS, 1980; KIMURA, 1981) could be a useful instrument in the estimation of
‘relative abundance indices' for the Mediterrancan Sea, based on data from commercial fleets
with unbalanced spatial and temporal fishing patterns.

The activity of the Spanish fleet has been carried out traditionally in the West Mediterranean
Sea. However, data bases with the formats and necessary resolution to make a more thorough
analysis have only been created in recent years.
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Nevertheless, the activity of this fleet may be considered relatively variable as regards the fishing
pattern over time. Changes in the structure of the gear, hook size, target sizes, etc. (REY &
ALOT, 1984) are possible in a highly opportunistic fishery. It is difficult to consider all these
factors in a retrospective study of these characteristics.

MATERIAL AND METHODS
2.1 BASIC DATA:

The records used in the analyses are from Spanish longline activity in the Mediterranean Sea
from 1988 to 1993, Data are records per trip obtained by the Spanish Oceanography Institute
(IEO) when trips were landed at the most important landing ports used by the Spanish
Mediterranean fleet.

Records by trip for GLMs analyses were structured as follows:

Vessel Code, Date of landing, Landing in number, Landing in Kg round weight, Number of fish
sampled, Catch by LIFL (5 cm intervals), Quadrant, Area (5x5 degrees), Type of fleet, Number
of sets, Hooks by set, Type of bait.

Following the traditional criteria, nominal effort by trip was defined as number of hooks (in
thousands of hooks), calculated from the number of sets carried out and the mean number of
hooks per set.

2.2. MODEL AND SPECIFICATIONS

The areas used in the tentative analysis are shown in Figures 1. After completing the preliminary
runs, 3 areas were defined in order to obtain a more accurate plan of the different
spatial-temporal cells.

Tentative areas 1 and 2 were combined and considered as area 2. Areas 4 and 6 were not used
because no observations were available from these unusual fishing zones (Figure 1).

The temporal definition corresponded to "quarters” as follows:
Q1 = January, February, March
Q2 = Apnil, May, June
Q3 = July, August, September
Q4 = October, November, December

The analyses were done using the GLM procedure. The main effects considered were ycar, time
and area. The following basic model was defined:

LOG (CPUE) = u~+ Yi + Qj + Ak + Aj * Qk + ek



u = overall mean.

Yi = logarithm of the effect year i.

Qj = logarithm of the effect time j.

Ak = logarithm of the effect area k.

e = logarithm of the normally distributed error term.

CPUE was defined as Catch (in number or weight) divided by the nominal effort

3. RESULTS AND DISCUSSION

Table 1 shows the number of observations per year/area/quarter used in the GLM analyses. A
total of 5931 tmips were used. In general the number of observations per cell (spatial-temporal)
may be considered satisfactory.

Table 2 and 3 is a summary of the ANOVA results. The number of observations, R-square, mean
square error (root) , F statistics, etc., 1s provided. The variability rate explained by the model
(R-square) was 14% and 19% for the analyses in number and weight, respectively.

Standardized residual patterns for CPUEn and CPUEw analyses in general show a normal type
when number of observations is suitable (Figure 2 ).

Table 4 provides information on estimated parameters, with the standard error, relative CPUEs
and upper and lower 95% confidence limits obtained. The standardized CPUE, in number and
weight, and the confidence limits are plotted in Figure 3.
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Spanish LL, S¥O MEDITERANEAN CPUE, 1988-1993
MEDITERRAKEAN Spanish LL SWO, CPUE IN KUMBER

TABLE 1 OF AREA BY (TR TABLE 4 OF AREA BY QTR General Linear Models Procedure
CONTROLLING FOR YR=1988 CONTROLLING FOR YR=1991
Dependest Variable: CPUl (CPUE in number)
AREA QR AREM 018 Sun of Yean
Source 11 Squares Square F Vaine Pro> F
Frequescy| 1 2 3 4 Total Frequency{ 1 i 3 4] total Yode! 1$ 488.64700144 30.54043758 £2.00 0.0001
+ + + -4 + + + + + + Brror 5914 2912.96079421 0.49255340
1| 1 29| 1 M| W 14 199 104} 157 % | 30 Corrected Yotal 5930 3401.60779566
--------- L St Attt Sl Sttt + ¢ + + +
3 33| b0 | 69 | 9 Ul 3 45§ %1 1014 Wy 29 R-Square c.v. Root KSE CPUL Mean
......... [ S S et R N + + 0.143652 33.53952 0.7018215 2.09252085
54 [ WA 1w 2 5 | 1 01 b4 01 148
--------- + + + + + 4 + + + + Source DF Type I §§ Mean Square F Value Prs ¥
Total 38 17 319 101 515 Total 13 180 0 164 Bl4 CIR H 173.45136178 34.69027236 10.43 0.0001
TR 3 161.42130516 B7.14043505  176.92 0.0001
ARER 2 11.09184593 5.5459229¢6 11.26 0.0001
TABLE 7 OF AREA BY QYR TABLE 5 OF AREA BY QTR QTR«AREA 6 42.68248858 71.11374810 14.44 0.0001
CONYROLLING FOR YR=1989 CONTROLLING POR YR=1992 : Source ¥ Type 111 8S Mean Sguare F Value Pro> ¥
CIR 5 14280446926 18.56089385 57.99 0.6001
AREA OTR AREA TR Q1R 3 88.59941460 29.53313820 59.96 0.0001
AREA 2 15.79050317 71.89525158 16.03 {.0001
Frequency| 1 2 3| 4 TYotal Frequency| 1} 2 3 4] Total (TReARER 6 42.68248858 1.11374810 4.4 0.0001
--------- D i Skt httt SECIEEY PO AT + + + + L)
1 W N0 3 151 482 21 18 | 80| 36| Mt ST Y for 80:  Pr > {f| §td Brror of
--------- e T T frmmemmnnt N et - Parameter Bstimate  Parameters0 Estimate
I R VI T TS T R 17 3] S| S} 187 WI| 4 INTERCEPT 1.342315349 B 3629 0.0001  0.06454007
--------- F e ST S AT .- + + ' + + CYR 1 -0.384323515 B -10.56 0.0001 0.03639890
51 51 1] 162 | 25 | 194 5 (] 10 | 95 | 17 12 1 -0.493579492 8 -13.40 0.0001 0.03684745
--------- L R SRR PEEY EER PR S U SH VU OPSAr SRR SRS 3 -0.52881955¢ B ~13.64 0.0001 0.03876827
Total 7 218 468 143 908 total 1 i $38 280 U ¢ -0.197104225 B 5.3 0.0000  0.03656618
5 -0.423815301 B -11.15 0.0001 0.0380000!
b 0.000000000 B . . .
TABLE 3 OF AREA BY (TR TABLE 6 OF AREA BY QTR 248 1 ~0.139243727 8 -0.75 0.4521 0.16518143
CONTROLLING FOR YR=1990 CONTROLLING FOR YR=1993 1 0.042215314 B 0.41 0.6791 0.10204418
3 0.259313094 8 4.15 0.0001 0.06251023
AREA Q1R AREL QTR 4 0.000000000 B . . .
AREA 2 0.085274711 8 1.30 0.1920 0.06535002
Frequency| 1 1 3 4} Total Frequency| 1 1 3 i Total 3 0.422274291 B 6.30 0.0001 0.06698912
_________ B S . , . . . , 5 0.000000000 B . . .
o2k oy g 1) 430 T M} 180 4% W] W QTReAREA 12 0424676595 B <120 00276 0.19273%02
--------- F L el AL LT + + . N b 113 -0.475118508 B -1.46 0.0139 0.19313059
3| A 50 190§ 0% 1 51 | 38 | 85 | 85 | 259 15 0.000000000 8 . . .
--------- L B T I eraey + + + 4 ' 21 -0.303037089 8 -7 0.0058 0.10971702
5 0 1] 285 | 89 [ 36b 5 5 19 Ty w1 13 -0.744831462 B -6.57 0.0001 0.11343635
--------- R Y N .- ' ' + I ot 15 0.000000000 8 . . .
Total i m 651 108 Total 200 u 653 W U 32 -0.109109932 8 -153 0255 0.0712145)
33 -0.420848128 B -5.58 0.0001 0.07544770
15 0.000000000 B . . .
i1 4.000000000 8
{3 0.000000000 B
[ 0.000000000 B

Table 1 .- Number of observations by year/area/quarter used in the GLM analyses.
Table 2- Results of ANOVA for GLM analyses applied to the Mediterranean swordfish caught
by the Spanish longline fleet, from 1988 to 1993. CPUE in number of fishes.
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MEDITKRRANEAN Spanish LL SWO, CPUE IN WRIGHT
General Lizear ¥odels Procedure
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MEDITERRANEAN Spamish LL 5W0,

CPUB IK KUMBER

i LSKEAN  SYDERR uCPsl crul udil
Dependeat Variable: CPU2 (CPUE in weight) 1993 LIS 0.0 14T LANT 66613
. - F Val Proyf 1992 1.85202  0.027270  6.7151  6.3151  6.04328
Soarce oF Squares Square  F Vale  Pr 1991 LAIGETE  0.030019 65278 6.1548  5.80311
¥odel 16 69485683316 43.42855207  86.93  0.0001 SUES  BSTSI 81200)
Srror SS14 2954.35068466 0.4395520) 1980 g0 o.ome s : :
Corrected Total 9030 364920751783 1989 192179 0.028491  7.2285  6.8359  6.46465
1988 2.34560  0.03318%  ILI4T4  10.4453  9.78746
R-Sqnare c.v. Root MSE CPUZ Mean
0.130413 15.23820 0.7067899 4.63827847 MEDITERRANEAN Spanish LL $¥0, CPUE IN WEIGAY
Source DF Type 1 5§ Meae Square T Valoe Pro ¥ 1R LSMEAN SYDERR ween Cru2 1CPU2
(YR 5 17081079275 34.16215855 68.39 0.0001
QTR 3 34694658425 115.64886143  231.51  0.0001 1993 459621 0,025513 104224 99141 94.305
AREA 2 151.98262516 75.99131258 152.12 0.0001 1482 4,21852 0.027463 7.1 67.95% £4.3%7
QTReAREA 6 25.11683036 418613849 8.3 0.0001 1991 4.36563  0.030232 8542 8735 74208
Sonrce DF Type 111 8§ ¥ean Square F Value  Pr> F 1990 4.63402  0.027496  108.667  102.966 97.564
CYR S 197.07250514  39.41450103  78.90  0.0001 1989 453242 0.028693  98.403  93.022  87.935
QTR 3 165.39302325  55.13100775  110.36  0.0001 1988 484373 0.0332  135.612  127.013  118.959
AREA 1 156.84291672  76.42145636  156.98  0.0001
QTREAREA § 25.11683096 4.15613848 8.3 0.0001
T for EO: Pr > {t}  §td Error of )
Parameter Bstimate  Parameter:0 Estimate Table 4. - Estimated parameters, standard error, relative CPUEs, and upper and lower 95%
INTERCEPT 4.891599191 B 15.26 0.0 0.06499698 confidence limits, for the standardized CPUE in number and weight, respectively.
CYR 1 -0.247516670 B 6,75 0.0001  0.03665658
1 -0.625206613 8 -16.85  0.0001  0.03710830
3 -0.478098097 B 12,25 0.0001  0.03904272 w E
4 -0.209712702 B -S89 0.0001  0.03682505
5 -0.311308327 8 803 0.0000  0.03826903 i A ? o e N
6 0.000000000 B . . . 50
QTR 1 ~0.164651655 8 -0.88  0.3773 0.18649240
1 -0.504105282 B 491 0.0001  0.10276659
3 0.178971001 B 1.8 0.0045  0.06295276
{ $.000000000 B . . . ©
AREA ? 0.101057698 8 154 0007 0.06581266 e,
3 0.519903455 8 7L 0.0001  0.06746336 N
5 0.000000000 8 . . .
QTReAREA 12 -0.683127587 B S350 0.0004  0.19410348 30
13 -0.404595630 B <108 0.0375  0.19449784 o N
15 0.000000000 B . . .
11 -0.010742581 B -0.10 0.9226  0.11049314 \\
13 -0.073615897 B S0.64 0.5193 0.11423940 ) Q\ o
15 0.000000000 8 . . . A
31 -0.134313164 B -1LBT 0.0611  0.07171866 \
33 -0.282505303 B -1 0.0000  0.07598182 10
3% £.000000000 B . . . L~
i 0.000000000 B . . . haet [ T
43 0.000000000 3 : . . j I i A
' 0.000000000 8 . . .

Table 3- Results of ANOVA for GLM analyses applied 10 the Mediterranean swordfish caught

by the Spanish longhine fleet, from 1988 10 1993 CPUE in kg round weight. Figure 1.- Geographical area division used for preliminary GLM analyses for Spanish longline

catch and effort data 1988-1993, in the Mediterranean Sea. Shadowed areas indicate squares
where observations were available.
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