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2.Materials and methods

2.1 Basic data.

The basic data for this study were obtained from the Japa-
nese longline fishery statistics compiled at the National Re-
search Institute of Far Seas Fisheries (NRIFSF) for 1978-1990.
The compilation of data in 1990 has not yet completed so that
they are provisional. Catch and effort data are almost the same
as Task II catch and effort statistics submitted to the ICCAT, in
which data are aggregated to month and 5-degree area. Two sets
of data (Set 1l and Set 2) were used. Set 1 is the same data
series used last year and explained in detail by Miyabe (1991).
Set 2 was created from the same data source as Set 1 but has
additional information on gear configuration, i.e., the number of
branch line between floats, which is obtained from log-book
records.

Looking into the annual distribution of swordfish by 5-
degree area, data were extracted from the areas (Fig. 1, areas l-
24) where significant catches were made. After checking the
annual number of observation, Area 4, 7, 14 and 1% were excluded
from the analysis due to the small number of observation.

CPUE was calculated as catch in number of fish per 106
hooks.  Observations with less than 5,000 hooks were excluded
from the analysis. o

2.2 Development of age-specific CPUE.

In order to make better tuning of VPA, it is essential that
CPUE should be age-specific. However, the length data being
collected were limited and too few to be matched with catch in
finer scale such as by month and S-degree area. Therefore, as a
practical solution, catch-at-size for the Japanese fishery by
ICCAT area and quarter of the year was used to age CPUE as was
done last year. After checking the length frequency for this
fishery, it was decided the CPUE were calculated for fishes equal
and older than 5 years old (5+). The ratio of the fish age 5+
were calculated by ICCAT area, year and quarter, and was multi-
plied to each nominal CPUE in the same strata.

2.3 Adjustment for the difference of gear efficiency.

The difference of gear efficiency in catching swordfish
caught by the Japanese longline fishery was reported by Koido and
Yonemori (1986). They noted that CPUEs of deep longline gear
were significantly higher than the conventional longline gear in
the Gulf of Guinea area. Then adjustment of gear efficiency was
made for Set 1 data after 1979 and onward as in the same manner
of Miyabe (1991) using the deployment rate and the efficiency
rate (1.5) of the deep longline gear over the conventional one.

2.4 Seleétion of the model.

As main effects, year, fishing season and fishing area were
considered for Set 1 data, and in addition to these effects gear
configuration was also considered for Set 2 data. Years covered
are from 1378 to 1990. Month and quarter-of-the-year were se-
lected as fishing season. After several preliminary runs, it
turned out that observation was not enough to estimate all param-
eters when month was incorporated to the model, especially when
two way interaction term(s) were included in the model. As for
fishing area, quadrate in 10° Lat. by 10° Long. (Fig. 1) was
adopted mostly taking consideration on fisheries information.
With regard to gear configuration, 4 to 15 hooks between the
floats were covered in the data base. These 12 levels were
categorized to 3 levels (4-8, 9-11 and 12-15 hooks between the
floats) according to the results of preliminary runs in which all
12 levels of gear were kept éeparately without any interaction
term.

It was observed in the preliminary runs that 0 catch obser-
vations mostly have larger negative residual. Therefore, 0 catch:
observations were dropped from the analysis both for Set 1 and
Set 2 data.

The same multipiicative model as was used last year was
selected for Set 1 data. The model is:

LOG (CPUEijk + 1-0) = u + Yi o+ Qj + Ak + Qj*Ak + eijk

where LOG : natural logarithm,
CPUEijk : nominal CPUE (catch in number per 108 hooks,



in year i, quarter j and subarea k,
: overall mean,
: effect of year i,
: effect of quarter j,
Ay : effect of area k,
Qj*Ak: interaction term between Qj and Ay,
@4k @ Error term, N{0,c).

I
Y;
Q3

For Set 2 data, following model was fitted.
LOG (CPUEijkl) =p+ ¥ o+ Qj + Ayt Gl + Interaction + eijkl

Where Gy : effect of gear 1,
Interaction : any combination of two way interaction
except yeaxr term.

The best model was selected by AIC among the tested models.

Considering the stock structure currently adopted by SCRS,
CPUEs were estimated for Total Atlantic, North Atlantic, South
Atlantic, Northwest Atlantic (ICCAT swordfish area 1-3) and
Northeast Atlantic (ICCAT swordfish area 4-B).

Calculation was performed through computer software, ‘SAS
Ver. 6.03’ on the UNIX workstation HP425t. In General Linear
Model procedure on ‘SAS’, standards at the main effect were
placed on the level which was assigned the largest number, i.e.,
last year, quarter, etc.

3.Results and Discussion

Number of observations fitted to the final model were shown
in Table 1 and 2 by main effect. In general 0 catch observation
wag about 10-15% % of the total observation.

For Set 2 data, the model with all the two way interaction
was determined to be the best for Total, North and South Atlan-
tic. For both of Northwest and Northeast Atlantic, it was found
that some interaction term was not significant (F < 2.0). Model
with QUARTER*AREA and AREA*GEAR, and with QUARTER¥AREA and QUAR-
TER*GEAR in addition to all main effects was selected for the
former and latter area, respectively (Table 4).

The overall histograms of normalized residual from the finaAl

model were shown in Fig. 2. The distribution is close to normal

distribution in most cases, although it often shows a small peak
at the center. 1In Fig. 3, also shown are the histograms of
normalized residual by year. All these histograms are appeared
not to be far from normality. The results of ANOVA indicated all

'models in Table 3 and 4 were statistically significant. The rate

of variability explained by the model(i.e., R2) was in the same
range of last year's analysis (0.38 - 0.46) for Set 1 data. R?
of the final model for Set 2 data was higher (0.36 - 0.50) than
Set 1 analysis. It should be noted that the highest R? was ob-
tained for -Total Atlantic for both sets of data. This might be
one of the indirect proofs in favor of the existence of the
single stock in the Atlantic.

Estimated parameters, their standard error and relative
CPUEs werxe shown in Table § and 6. In Fig. 4, the relative
CPUEs, which were standardized to 1990, were shown as well as
lower and upper 95% confidence limits. Generally speaking, all
CPUE series indicate decreasing trend until recent years. CFUEs
of Total and South Atlantic continued to decrease in the most
recent two years (1989 and 1990), whereas the rest series of CPUE
leveled off in that period.

Although trends were similar between the results of Set 1
and Set 2 data, the slope of the trend is steeper for Set 2 data.
This is due te the inclusion of gear configuration to the model
and not to the inclusion of more interaction term to the model,
since there were very minor difference in the estimated relative
CPUE among the models fitted to Set 2 data. As the effect of
the difference of gear configuration on CPUE was better ap-
procached for Set 2 data, it is considered that the results from
Set 2 data are more reasonable for use in the VPA calibration.
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Table 1. Number of observations in the final model by main effect.

Set 1 data.
Total Atlantic - North Atlantic South Atlantic
Main No. of Main No. of Main No. of
Effect Observation Effect Observation Effect Observation
Y78 246 Y78 185 Y78 51
Y79 292 Y79 173 Y79 119
Y80 401 Y80 217 Y80 - 184
Y8l 457 Y8l 289 Y81 168
Y82 565 Y82z 344 Y82 221
¥83. 358 Y83 211 Y83 145
Y84 429 Y84 215 Y84 ‘214
Y85 558 Y85 294 Y85 264
Y86 389 Y86 208 Y86 183
Y37 311 Y87 164 Y87 147
Y88 520 Y8s 219 Y88 301
Y89 . 650 Y89 306 Y89 344
Y90 558 Y90 219 Y90 339
Q1 1510 QY 854 Q1 656
Q2 1185 Q2 742 Q2 443
Q3 1369 Q3 646 Q3 723
Q4 1668 Q4 800 Q4 868
Al 253 Al 253 - AlS 157
A2 349 A2 349 Alb 251
A3 224 A3 224 Al7 287
AS 179 AS 179 AlS8 212
Ab 312 Ab 312 A20 179
A8 275 A8 275 A21 275
AS 116 A9 116 A22 443
AlQ 217 Al0 217 AZ3 631
All 449 All 449 A24 255
Al2 498 Al2 498 :
Al3l 170 Al3l 170 TOTAL 2690
AlS 157
Al6 251 TOTAL 3042
Al7 287 :
Al8 212
A20 179
A2l 275
A22 443
A23 631
A24 255

TOTAL 5732
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Table 2. Number of observations in the final model by main effect. Set 2 data.

Total Atlantic North Atlantic - South Atlantic
Main No. of Main No. of Main No. of
Effect Observation Effect Observation Effect Observation
Y78 253 Y78 200 Y78 53
Y79 296 Y75 170 Y79 1286
Y80 551 Y80 280 Y80 271
Ysl © 631 Y81 388 Y81 243
Y8z 853 Y82 505 Y82 350
Y83 487 Y83 228 Y83 259
Y84 735 Y84 289 Y84 445
Y85 1007 Y85 447 Y85 560
Y86 660 Y86 298 Y86 362
Y87 469 Y87 223 Y87 246
h4:1:] 932 Y88 309 B £:1: 623
Y89 1209 Y89 538 Y89 671
Y90 659 Yoo 270 Y80 389
Q1 2430 QL 1142 Q1 1288
Q2 1559 Q2 924 Q2 635
Q3 2084 Q3 940 Q3 1144
Q4 2671 Q4 1139 Q4 1532
Gl 2677 -Gl 1792 Gl 885
G2 2938 G2 1477 G2 1461
G3 3129 G3 876 G3 2253
Al 295 Al 295 AlS 236
A2 470 A2 - 470 Alb 415
A3 256 A3 256 - Al7 543
A5 210 AS 210 Als8 350
A6 383 Ab 383 A20 323
A8 393 AB 393 A21 507
A9 141 A9 141 A22 773
AlQ 270 . Al0 270 A23 1064
All 692 All 692 AZ4 388
Al2 820 Al2 820

Al3 215 Al3 215 TOTAL 4599
AlS 236

Alsb 415 TOTAL 4145

Al7 5413 -

AlS8 350

A20 323

AZ1 507

A22 773

A23 1064

A2 388

TOTAL 8744




Table 2. Continued.

Northwest Atlantic Northeast Atlantic

Main Ne. of Main No. of
Effect Observation Effect Observation
Y78 80 Y78 120
Y79 109 Y79 51
Y80 148 Y80 132
Y8l - 213 Y8l 175
Y82 269 Y82 236
Y83 109 Y83 118
Y84 121 Y84 168
Y85 215 Y8s 232
Y86 132 Y86 166
Ya7 101 Y87 122
Y88 128 Y8s 183
Y89 254 Y89 284
Y90 106 Yo90 184
Ql 441 Qi 701
Q2 321 Qz 603
Q3 493 Q3 447

4 728 4 411

1 1030 1 762
G2 619 G2 858
G3 334 G3 542
Al 295 AS 210
A2 470 A6 383
A3 256 A8 383
Al0 270 A9 141
All 692 Al2 . 820

Al3 215
TOTAL 1983
TOTAL 2162
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Table 3. Results of ANOVA for GLM anelysis applied to Atlantic swordfish
caught by the Japanese longline flshery. Set 1 data.

model : Y+Q+A+Q*A
Source of Degree of Sum of Mean F 2
Area Variation Freedom Squares Square Value R
North Model 55 1101.81 20.03 33.60 0.382
Atlantic Error 2986 1780.22 0.60
Total 3041 2882.03
South Model 47 820.49 17.46 33.69 0.375
Atlantic Ercor 2642 1368.67 0.52 '
Total 2589 2188.¢07
Total Model 91 2827.0 31.07  52.94  U0.461
Atlantic Error 5640 3309.4 0.59
Total 5731 51364
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Table 4. Results of ANOVA for GLM analysis applied to Atlantic swordfish

caught by the Japanese longline fishery. Set 2 data.

Toﬁal Atlantic

Source of Degree of

Model Variation
Y+Q+A+G Model
+Q¥A Error
Toral

Y+QHAG Model
+Q*G Ervor
Totsl

Y4Q+A+G Maodel
+A*G Error
Total

Y+Q+A+G Hodel
+Q*A+Q*G Error
Totsl

Y+Q+A+G Hodel
+Q*FA+AYG Error
Total

YHI+AHG Model
+Q*G+A*G Error
Total

Y+Q+A+G Model
+Q*A+Q*G+A*G Error

Sum of

Freedom Squares

93
86350
8743

42
8761
8743

74
B569
8743

131
8612
8743

99
8644
8743

80
8663
8743

4883.23
5151.64
10034.87

424,13
5610.73
10034.87

4496.10
5538.77
10034 .87

4983.04
5051.83
16034.87

4901.59
5133.27
10034.87

4356.07
5478.80
10034.87

5003.02
5031.64

Mean
Square

52.51
0.60

105.34
0.64

60.76
0.64

38.04
0.59

49.51
0.59

56.95
0.63

95.

64.

83.

90.

62.

.35

io

83

37

035

46

0.441

0.448

0.497

0.488

" 0.454

0.499

-2993.56

-2737.98

~2823.52

~-3018.25

~3033.34

-2832.00

~3057.50



Table 4. Continued. Table 4. Continued.

Norch Atlantic South Atlantic

Source of Degree of Sum of Mean F Source of Degree of  Sum of Mean F
Model Variation Freedom Squares Square Value r? AlC Hodel Variation Freedom Squares  Square Value R? AXC
YHQHALG Model 57  1558.30 27.34 44.15 0.381 -1929.35 Y+QHA+G Model 49 1389.24 27.94  54.16 0.368 -2993.56
+QFA Error 4087  2530.59 0.62 +Qva Error 4549 2347.10 0.52
Total 4144 4088.89 Total 4598 3716.34
Y+QHAHG Model 33 1331.80 40.36 60.18 0.326 -1622.01 YQ+a+G Hodel 31 1248.03 40.26  74.49  0.336 -2797.98
+Q*G ’ Error 4111 2757.10 0.67 ) : Q6 Error 4567  2468.31 0.54
Total 4146 4088.89 Total 4598 3716.34
Y+Q+AYG HModel 47 1347.74 28.68 42.86 0.330 -1618.05 . Y4Q+A+G Model 41 - 1272.36 31,03  57.86 0.342 -2823,52
+A*G Error 4097  2741.16 0.67 ) g +AYG Error 4557  2443,99 0.54
Total 4144  4088.89 Total 4598  3716.34
YHQ+A4G Model 63  1569.86 264,92 40.37  0.384 -1936.33 YHQ+A+G Model 55 1387.89 25.23  49.23  0.373 -3018.25
FQrAHQRG Error 4081 . 2519.03 0.62 ’ HQFAFQEG Error 4543 . 2328.45 0.51
Total 4144 4088.89 : Total 4598  3716.34
Y+QEA+G Hodel 77 15%0.32 20.65 33.62 0.38% -1942.13 YHQ+A+G Hodel 85  1405.59 21.82  42.4Z  0.378 -3033.34
HQFAHARG Error 40867 2498.57 0.61 HQRATAXG Error 4533 2310.758 0.51
: - Total 4144  4088.89 Total 4598 3716.34
YHQHATG Model 53 1375.52 25.95 39.13  0.336 -1648.27 Y4QHAHG Hodel 47 1283.21 27.30  S1.07  0.343 -2832.00
+Q*GHAXG Error 5091 2713.38 0.66 +Q*GH+A*G Error 4551 2433.13 0.53
Total 4144 4088.89 Total 4598 3716.34
YHQ+AYG Model 83  1602.31 19.30  '31.53  0.392  -~1950.07 YHQHAHG Model 71 1423.69 20.05 39.59 0.383 -3057.50
+Q*A+QEGHAYG Error 4061  2486.58 0.81 +HQ*A+Q*GHA*G Error 4527  2292.6% 6.51
Total 4144  4088.89 Total 4598 3716.34
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Table 5. Standardized CPUE of age 5+ group for Atlantic swordfish, 1978-1989.

Table 4. Continued. Set 1 dates.
Northwest Atlantic
Total Atlantic North Atlsntic
‘Source of Degree of Sum of Maan ®
Model Variation Freedom Squares Square Value p? AIC Year Parameter Standard Relative Year Parameter Standard Relative
---------------------------------------------------------------------------- Error CPUE Error CPUE
YHQ+AAG Model 13 624.81 18.93 32.70 0.356 -1049.79 78 1.1458 0.0610 3.1481 78 1.0432 0.0793 2.5382
+Q¥A Error 1949 1128.54 0.58 79 0.4634 0.0577 1.5895 79 0.2593 0.0811 1.2960
Total 1982 1753.35 : 80 0.5918 0.0519 1.8072 ag G.5019 0.0757 1.6518
81 0.4583 0.0500 1.5814 Bl 0.0712 0.0712 1.0738
YHQEAHG Model 27 548.75 20,32  32.98  0.313  -932.46 82 0.3301 0.0470  1.3911 82  0.3629 0.0681 1.4375
QG Error 19558 1204 .60 0.62 a3 0.1558 0.0334 1.1686 83 -0.1817 0.0759 ¢.8338
rotal 1982 1753.35 84 0.3935 20,0505 1.4822 84 0.0737 8.0758 1.07¢5
85 0.17¢0 0.0468 1.1980 83 ~0.0085% C.a704 G.9%517
YHQ+A+G Modal 29 549,31 18.94 10.72 0.313 -929.148 8¢ G.3404% 0.0514 1.4056 86 ~0.,0010 0.0760 0.9950
+A*G Error 1953 1204.06 0.62 87 0.1670 0.0551 1.1818 87 ~0.3403 0.0810 G.7116
Total 1682 1753.35 88 0.1785 0.0474 1.1954 88 -0.0652 0.0750 0.9369
89 -0.1055 0.0448 0.8999 89 -0.1976 0.0696 0.8207
THQ+AHG Model 41 §37.42 15.55 27.04  0.364 -1056.07 90 9.0000 1.0000 90 0.0060 1.6000
HQ*A+AXG Error 1941 1115.93 G.57
Total 1982 1753.35
South Atlantic
Y+Q+A+G Model 33 $61.56 16.04 26.21 0.320 -937.66
+Q*GHA*G Error 1947 1161.79 0.61 Year Parameter Standard Relative
Total 1982 1753.35 Error CPUE

78 0.9584 ‘0.1045 2.6074
73 0.35926 0.0806 1.8087
80 0.5798 0.0688 1.7836
81 0.8968 0.069a 2.4518

Northeast Atlantic

Source of Degree of Sum of Mean F
Model Variation Freedom Squares Square Value r? AlIC 82 0.1083 0.0639 1.1144
---------------------------------------------------------------------------- 83 0.4921 0.0735 1.6358
. 84 0.6444 0.0646 1.9048
Y+Q+ATG Model 37 982.15 26.54 44.49 0.437 -1079.00 a5 0.3027 0.0399 1.3533
+Q*a Error 2124  1267.20 0.60 86 0.6270 0.0669 1.8719
Total 2161 2249.34 87 0.6338 0.0719 1.8848
88 0.3340 0.0579 1.3965
Y4+Q+A+G Model 28 926.86 33.10 53.39 0.412 -~1004.67 a9 -0.0730 0.0555 0.8296
+Q*G RError 2133 1322.48 0.62 90 0.0000 1.06000
Total 2181 10034.87
YHQ+A+G Model 32 918.74 28.71 45.94 0.408 -983.44
+A*G Brror 2129 1330.60 0.62
Total 2161 2249.34
YHQ+A1G Model 43 994.69 23.13 39.05 0.442 -1088.51
+Q*AQHG Error 2118  1254.65 0.59

Total 2161 2249.34



Table 6. Standardized CPUE of age 5+ group for Atlantic swoerdfish, 1978-1989. 100w S0'w W0W  r0w  80°W  saw  dow W 20w 1oew P vore

Set 2 data. 89 =7 ID'E.?‘_
17
Total Atlantic North Atlantic /}
Year Parameter Standard Relative Yesr Parameter Standard Relative 391 jj //
Error CPUE Error CPUE ) /£§:: Fi’ N
. 4 11
78 1.4540 0.0617 4.2802 78 1.2806 0.0796 3.5989 !
79 0.7517 0.0578 2.1205 79 0.4898 0.0815 = 1.6320 ‘@ Ve H2= " f /T’T\ o
80 0.89865 0.0482 2.4510 80: 0.7868 0.0726 2.1963 . 51 - "
81 0.7229 0.0464 2.0604 81 0.2464 0.0680 1.2795 i < Lt I 4
82 0.8120 0.0430 1.845 82 0.5685 0.0645 1.7658 % - . 6
83 0.5322 . 0.0491  1.7027 83 0.0292 0.0758 1.0296 (f\]ﬁ\W »
84 0.6855 0.0460 1.9848 84 0.2585 0.0714 1.2850 . | N
8s 0.3467 0.0406  1.4144 85 0.0533 0.0653 1.0547 bt &Lj {’ YT 418 ](g 22
86 0.5604 0.0437 1.7513 86 0.1056 0.0690 1.1114 Py
87 0.3731 6.0480 1.4522 87  -0.2242 0.0748 0.7991 10- ™ L /(i\m P AN EY
88 0.3661 0.0407 1.4%21 88 0.1080 0.0687 1.1141 ¥ \T‘{V J i HIIREV R} ror
89 0.0518 0.0384 1.0532 89  -0.1349 0.0617 0.8738 V k\ e
90 0.0000 1.6000 99 0.0000 1.0600 o r PITR P i ! ol .
§ . I f o o
. o N N et
South Atlantic Northwest Atlantic ) 'S \ 9‘29 25 ‘22"—2;3—5 @
Year Parameter Standard Relative Year Parameter Standard Relative 10 \\\ ﬁ' R
Error CPUE ) Error CPUE $ ] P Ld";} 3
78 1.2809 0.1126 3.6000 78 0.91086 0.1238 2.4857 2 . / Nl
79 0.8869 0.0816 2.4276 79 0.0958 0.1097 1.1006 } )\ s
80 0.8664 0.0620 2.3782 80 0.2304 0.1063 1.2592 -
81 1.1879 0.0628 3.2802 81 -0.0600 0.1005 0.9418 0 / : w
82 0.4500 0.0567 1.5683 82 0.4162 0.0952 1.5162 * 15] s
83 0.8956 0.0616 2.4489 83  -0.3131 0.1113 0.7312
B4 0.9468 0.0529 2.57176 84  -0.2040 0.1104 0.8155 §
8s 0.5285 0.0493 1.6964 85 0.0450 0.0984 1.06461 5 s
86 0.8699 0.0538 2.3866 86 0.1270 0.1048 1.1354 4
87 0.8286 0.0596 2.2900 87 -0.7128 0.1131 0.4903 ~
88 0,5251 0.0478 1.6906 88  -0.4316 0.1064 0.6495 .
89 0.1594 0.0467 1.1728 . 88  -0.2147 0.0936 0.8068 el . _ o
90 0.0000 - 1.0000 90 0.0000 i 1.0000 190 W 9o'W  #0'w  TOW  00°W  30°W  f0w  30°W  20°W 10W N TR T

Northeast Atlantic

Fig. 1. Area division used for GLM analysis for Atlantic swoxrd

Year Parameter Standard Relative fish caught by the Japanese longline fishery.

Error CPUE

78 1.5250 0.0982. 4.35951

79 0.9861 0.1233 2.6807

80 1.2849 0.0962 3.6141

81 0.4588 0.0901 1.5822

82 0.6119 0.0844 1.B8439

83 0.3014 0.0993 1.33517

84 0.3753 0.0895 1.77177

85 -0.0032 0.0835 0.9969

86 0.0420 0.0876 1.0429

a7 0.0918 0.0954 1.0962

88 0.4486 0.0856 1.5661

89 -0.1075 0.0775 0.8%80 493
80 2.0000 1.0000 %
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Fig. 3. Continued.

Flg. 3. Histograms of normalized residual plotted by year. Set 2
dats.
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Pig. 4. Annual change of relative CPUE.

value in 1990 was set to
1.0. Dotted lines show 95 % confidence limits. Set 1 data.
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