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SUMMARY

An age-specific index of relative abundance is calculated for north Adantic swordfish caught
by longline in the Canadian fishery from 1988 to 1993. Standardized catch rates for ages ranging
trom 2 to 5+ were estimated using a multiplicative model. The variability in predicted CPUE
explained by the model ranged from 16 t0 36%.

RESUME

Un indice d’abondance relative spécifique de I’4ge est calculé pour I’espadon de I’ Atlantique Nord
capturé a la palangre par le Canada entre 1988 et 1993. Les taux de capture standardisés pour les dges 2 a
5 + ont ét€ estimés en utilisant un modele multiplicatif. La variabilité dans la CPUE prévue expliquée par
le modele oscillait entre 16% & 36%.

RESUMEN

Se calcula un fndice de abundancia relativa especifico de la edad para el pez espada del Atldntico
norte capturado con palangre en la pesquerfa de Canad4 desde 1988 a 1993. Se estimaron las tasas de
captura estandarizadas para edades comprendidas entre 2 a 5+ empleando un modelo multiplicativo. La
variabilidad en la CPUE predicha explicada por el modelo oscilé entre 16 y 36%.

Introduction

The purpose of this analysis is to provide age-specific indices of abundance for
swordfish from the Canadian longline fishery from 1988 to 1993 for use by the SCRS in
stock assessments. Age-specific, standardized CPUE indices for north Atlantic swordfish
from Spanish (Mejuto 1994), Japanese (Nakano 1994) and U.S. (Scott and Bertolino 1994)
commercial longline fisheries have been used by ICCAT to tune age-structured sequential
population analysis (VPA). This manuscript is the first to provide standardized caich rates
for the Canadian longline fishery, which operates from Georges Bank to the Grand Banks
(Fig. 1) when swordfish migrate into Canadian waters. A multiplicative model approach
(Gavaris 1980, 1988) is used to standardize Canadian catch per unit effort data for ages 2, 3,
4, and 5+.
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Materials and Methods
Catch and effort database

Log records (catch and effort data) from the Canadian swordfish longline fishery are
available from 1962 to 1993, though size samples (dressed weight) exist only for 1988 to
1993. Consequently, the analyses was restricted to this six year period.

Information on catch, effort, fishing location and date originated from commercial log
records submitted to the Department of Fisheries and Oceans by fishermen. Set-by-set catch
(number of swordfish) and effort (number of hooks) data were edited and condensed to the
trip level to provide total number of fish and total number of hooks per trip. Two
geographical areas of fishing were used for classification, defined as ICCAT Areas 2
(Georges Bank, western and central Scotian Shelf) and 14 (eastern Scotian Shelf, Grand
Banks and Flemish Cap), falling west and east of the 60° W line of longitude, respectively
(Fig. 1). A total of 563 trips with catch and effort information, cross-classified by year
(1988-1993), area (2, 14) and month (May-November) were used in these analyses (Table 1).
Coverage by the effort data during these years generally represents less than 50% of the
landings for that year (Table 1). The annual pattern of abundance between areas 2 and 14 is
believed to be similar, though the seasonal patterns differ. While only 10% of the Canadian
catch is from area 14, both areas are retained for the analysis (Appendix 1). Months were
combined at the beginning (i.e. May-June for Area 2; May-July for Area 14) and end (i.e.
October-November, Areas 2 & 14) of the fishing season to increase the number of
observations.

Individual dressed weights of swordfish, obtained from swordfish buyers, were
converted to lower-jaw-fork-length and aggregated by 2 cm intervals into length frequencies
for each year, area and month (similar to ICCAT Task II procedures). Length frequencies
were converted to age frequencies (ages 1, 2, 3, 4 and 5+) for each analytical stratum (i.c.
year, area and month) using age-length keys developed from the ICCAT Gompertz growth
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model and age slicing method used by the 1992 SCRS Swordfish Species Group (Anon. 1987,
1989). Data substitutions were made for strata with missing age frequency samples. Since
there were very few age 1 fish in the samples for area 14, this age group was not included in
the analysis, The proportions at age for each analytical stratum were then used to partition
the trip data set to obtain age-specific catches for use in the multiplicative model.

Model and specifications

The multiplicative model (Gavaris 1980, 1988) used to standardize the catch rates of
swordfish (ages 2, 3, 4 and 5+) was solved using standard linear regression techniques after In
transformation of nominal CPUE data (number of fish per 1000 hooks). Estimated mean
CPUE values and associated standard errors were then retransformed to arithmetic scale, with
logarithmic bias correction. The model required a standard for each main effect upon which
all other mean CPUE values were scaled. To minimize the standard error of the CPUE
estimate, standards were defined as area=2 (Scotian Shelf) and month=8 (August), when
sample sizes (number of trips) were highest. Observations with CPUE=0 were omitted by
excluding the age 1 group from the analysis. All analyses were conducted using the APL
workspace "STNDR_V2".

Initially, a model based on three main effects (Year, Area, Month) and an interaction
term (Area*Month) was examined, since previous experience (i.e. Mejuto 1994, Nakano 1994,
Scott and Bertolino 1994) has shown that these factors account for most of the variation in
CPUE in swordfish longline fisheries:

In(CPUE ) =p + Year, + Area; + Month, + Area, * Month; + €, (€8]

Since an interaction term used in such a model is difficult to interpret, a composite term for
area and month was used. In this case, instead of an interaction term, a single composite
main effect was modelled which combined Area and Month main effects, and Area*Month
interaction into one term:

In(CPUE ) =p + Year, + [ Area; & Month, ] + €, 2)
where: [ Area, & Month; ] = composite effect of Area, Month and Area*Month.
The Area & Month composite variable contained codes representing each area-month
combination. This treatment gives the same r* as when equation (1) is applied, but the
sources of variation from the ANOVA are more easily interpreted.

To examine the effect of switching from rope to monofilament backline in the

Canadian fishery during 1990 and 1991, a "Gear” category was added to the Composite
Model as a main effect:

In (CPUE ) =p + Year; + [ Area, & Month;] + Gear, + gy 3)

where: Gear = rope or monofilament backline.

Results and Discussion

Analysis of variance (ANOVA) results for the Composite Model are given by age
group in Tables 2-5. In all cases, the overall regression and individual main effects were
significant (P < 0.05) and the model explained between 16 and 36 % (multiple 1) of the
variability in the data, depending on the age group modelled. For each age group, no trends
were apparent in the pattern of residuals and partial probability plots indicate that residuals
were normally distributed (Fig. 2).

Fishing with rope or monofilament backline did not appear to have any effect on
CPUE. The main effect of Gear in the Composite Model was not significant for any of the
age groups (P>0.03) and accounted for only a fraction more of the observed variability in the
data than the original Composite Model without this effect (Tables 6a-d). This term was
removed from the Composite Model since it did not improve the estimate of CPUE.

Estimates of standardized catch rates were highest and most variable for all ages in
1990 (Fig. 3). Trends in CPUE for age 2 swordfish were quite variable, reaching peaks in
1990 and 1992, but declining in 1993. The age 3, 4 and 5+ fish all had similar patterns in
CPUE, showing a general increase in abundance from 1988 to 1990, followed by a gradual
decline to 1992. For ages 4 and 5+, this decline continued to 1993; in contrast, CPUE
increased slightly in 1993 for age 3 fish.

The results do not clearly indicate that the index is reflective of swordfish abundance,
however, there is a peak in age 2 fish in 1992, which may also be detected in age 3 fish in
1993 (Fig. 3). This trend could be confirmed with additional years of data.

The following improvements and refinements might be explored to improve the model:

1) Modification of Area Specification: Split the areas at 55° W to separate the Canadian
fishing zone into Scotian Shelf and Georges Bank vs the Grand Banks. The present
split at 60° W (using ICCAT boundaries) includes some Scotian Shelf fish with the
Grand Banks fish. The latter are known to be larger than Scotian Shelf fish.

2) Extend the Time Series: Further explore the size substitutions prior to 1988; if the
substitutions are appropriate for the catch-at-age, they should be appropriate for an
age-specific CPUE. The time series could then be extended back to 1978.

3) Improvement of Substitutions: Between 1978 and 1988, Canadian catches were sized
using USA Grand Banks samples. Other area-specific substitutions may be available




Table 1. Summary statistics for Canadian swordfish longline trips by year,
ICCAT Area, and month used in the CPUE analysis. Canadian annual
landings are shown for comparison.
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i Model £ di £ish lon line
Table 2. 2;‘8;}\ :e:“‘;ts from Composite Mode or Canadian swordfi g Table 3. ANOVA results from Composite Model for Canadian swordfish longline
FUER, age <. CPUE, age 3.
REGRESSION OF MULTIPLICATIVE MODEL REGRESSION OF MULTIPLICATIVE MODEL
MULTIPLE R....... veenas 0.561
- MULTIPLE Rivivenuennnes 0.404
MULTIPLE R SQUARED..... 0.315 MULTIPLE R SQUARED. . ... 0.163
ANALYSIS OF VARIANCE . ) ANALYSIS OF VARIANCE
SOURCE OF SUMS OF MEAN
VARIATION DF SQUARES SQUARES F-VALUE SOURCE OF SUMS OF MEAN
_________ —_— e o e LR . VARIATION DF SQUARES SQUARES F-VALUE
INTERCEPT 1 2.88782 2.88782 e R T et TN,
INTERCEPT 1 3.296E2 3.296E2
REGRESSION 13 6.70981 5.161E0 19.413
YEAR 5 4.140E1 8.279E0 31.140 REGRESSION 13 2.805E1 2.158E0 B8.248
BREASMONTH 8 2.606E1L 3.258E0 12.254 YEAR S 4.620E0 9.239E-1 3.532
AREA&MONTH 8 2.255E1 2,819E0 10.775
RESIDUALS 549 1.460E2 2.6598-1
RESIDUALS 549 1.436B82 2.616E~1
TOTAL 563 5.017E2
TOTAL 563 5.013E2

REGRESSION COEFFICIENTS
REGRESSION COEFFICIENTS

CATEGORY VARIABLE COEFFICIENT STD. ERROR NO. OBS.

————————————————————————————————————————————— CATEGORY VARIABLE COEFFICIENT STD. ERROR NO. OBS.
88 INTERCEPT 0.676 0.118 563 mmeemeee e eemdmimme e e
1 88 INTERCEPT 0.539 0.117 563

89 1 ~0.039 0.117 44 1
90 2 0.434 0.116 45 89 1 0.050 0.116 44
91 3 ~0.425 0.100 117 90 2 0.337 0.115 45
92 4q 0.288 0.102 104 91 -3 0.202 0.099 117
93 [ -0.176 0.095 217 92 4 0.047 0.101 104
2 6 -0.210 0.089 110 93 5 0.068 0.094 217
3 7 0.109 0.086 158 2 6 ~0.038 0.088 110
4 8 0.416 0.090 108 3 7 0.188 0.085 158
5 9 0.072 0.101 60 4 8 0.226 0.090 108
[ 10 0.341 0.181 10 5 9 -0.247 0.100 60
7 11 0.521 0.130 24 6 10 0,233 0.179 10
8 12 0.075 0.123 29 7 11 0.598 0.129 24
9 13 0.073 0.153 15 8 12 0.478 0.122 29
9 13 0.087 0.152 15

PREDICTED CATCH RATE
PREDICTED CATCH RATE

LN TRANSFORM RETRANSFORMED

YEAR MEAN S.E. MEAN S.E. LN TRANSFORM RETRANSFORMED
———— ——— e O ——— YEAR MEAN S.E. MEAN S.E.
88 0.7858 0.0090 2.495 0.236 . . m—— e -
89 0.7471 0.0070 2.403 0.201 88 0.7264 0.0088 2.347 0.220
90 1.2202 0.0069 3.857 0.319 89 0.7764 0.0069 2.469 0.205
91  0.3612  0.0036 1.636 0.098 4 20 1.0633  0.0067 3.290 0.270
92 1.0733 0.0039 3.335 0.207 91 0.9289 0.0035 2.881 0.170
92 0.7734 0.0038 2.466 0.152

93 0.6094 0.0026 2,099 0.107 .
93 0.7942 0.002¢6 2.519 0.128



Table 4. ANOVA results from Composite Model for Canadian swordfish longline

CPUE, age 4. Table 5. ANOVA results from Composite Model for Canadian awordfish longline

CPUE, age 5+.

REGRESSION OF MULTIPLICATIVE MODEL
REGRESSION OF MULTIPLICATIVE MODEL

MULTIPLE R....ocvnenen . 0.514
MULTIPLE R SQUARED..... 0.264 MULTIPLE Revuvoounnanns 0.601
MULTIPLE R SQUARED..... 0.361
ANALYSIS OF VARIANCE ANALYSIS OF VARIANCE
SOQURCE OF SUMS OF MEAN SOURCE OF SUMS OF MEAN
VARIATION DF SQUARES SQUARES F-VALUE VARIATION DF SQUARES SQUARES F-VALUE
INTERCEPT 1 5.758E1 5.758E1 INTERCEPT 1 3.186E2 3.186E2
REGRESS ION 13 5.199E1 3.999E0 15.151 REGRESSION 13 8.685E1 6.680EQ 23.853
YEAR S 2.249E1 4.497E0 17.037 YEAR 5 2.678E1 5.357E0 19.126
AREA&MONTH 8 2.405E1 3.006E0 11.387 AREA&MONTH 8 5.288E1 6.610E0 23.603
RESIDUALS 549 1.449E2 2.640E-1 RESIDUALS 549 1.538E2 2.801E-1
TOTAL 563 2.545E2 TOTAL 563 5.592E2
REGRESSION COEFFICIENTS ) REGRESSION COEFFICIENTS
CATEGORY VARIABLE COEFFICIENT STD. ERROR NO. 0BS. CATEGORY VARIABLE COEFFICIENT STD. ERROR NO. OBS.
88 INTERCEPT 0.248 - 0.117 563 88 INTERCEPT -0.109 0.121 563
1 1
89 1 -0.314 0.117 44 89 1 0.09%7 0.120 44
90 2 0.199 0.116 45 50 2 0.793 0.119 45
91 3 0.026 0.100 117 91 3 0.498 0.103 117
92 4 -0.107 0.101 104 92 4 0.365 0.104 104
93 S ~0.390 0.095 217 93 5 0.130 0.098 217
2 6 0.100 0.089 110 2 6 0.233 0.091 110
3 7 0.332 0.086 158 3 7 0.635 0.088 158
4 8 0.313 0.090 108 4 8 0.776 0.093 108
5 9 ~0.051 0.101 60 S 9 0.760 0.104 60
6 10 0.085 0.180 10 6 10 -0.058 0.186 10
7 11 0.591 0.129 24 7 11 0.646 0.133 24
8 12 0.806 0.123 29 8 12 1.266 0.127 29
9 13 0.353 0.153 15 ] 13 0.909 0.157 15
PREDICTED CATCH RATE PREDICTED CATCH RATE
LN TRANSFORM RETRANSFORMED LN TRANSFORM RETRANSFORMED
YEAR MEAN S.E. MEAN S.E. YEAR MEAN S.E. MEAN S.E.
88 0.5805 0.0089 2,030 0.192 88 0.5258 0.0095 1.937 0.188
89 0.2667 0.0070 1.485 0.124 89 0.6228 0.0074 2.137 0.183
90 0.7799 0.0068 2.481 0.204 90 1.3187 0.0072 4,286 +0.364
91 0.6063 0.0035 2.089 0.124 91 1.0240 0.0037 3.198 0.196
92 0.4732 0.0038 1.829 0.113 92 0.8909 0.0041 2,799 0.179
93 0.1905 0.0026 1.379 0.070 93 0.6557 0.0028 2.214 0.116

139



Table 6. ANOVA results from the Composite Model with gear as a main effect

for Canadian swordfish longline CPUE for ages 2-5+.

a) AGE 2 SWORDFISH
REGRESSION OF MULTIPLICATIVE MODEL
MULTIPLE R....... v . 0.562

MULTIPLE R SQUARED..... 0.315

ANALYSIS OF VARIANCE

SOQURCE OF SUMS OF MEAN
VARIATION DE SQUARES SQUARES F~VALUE
INTERCEPT 1 2.158E4 2.158E4
REGRESSION 14 6.719E1 4.799E0 18.030
YEAR 5 3.994E1 7.988E0 30.011
MONTH&AREA 8 2.600E1 3.250E0 12.211
GEAR 1 9.521E~2 9.527E~2 0.358
RESIDUALS 548 1.459E2 2,662E-1
TOTAL 563 2.18084
b) AGE 3 SWORDFISH
REGRESSION OF MULTIPLICATIVE MODEL
MULTIPLE R..ivuvvrvnnnn, 0.405
MULTIFPLE R SQUARED..... 0.164
ANALYSIS OF VARIANCE
SQURCE OF SUMS OF MEAN
VARIATION DF SQUARES SQUARES F-VALUE
INTERCEPT 1 2,124E4 2.124F4
REGRESSION 14 2.810E1 2.007E0 7.661
YEAR 5 4.668E0 9.336B-1 3.563
AREA&MONTH 8 2.227E1 2.784E0 10.627
GEAR 1 4,933g-2 4.,933E-2 0.188
RESIDUALS 548 1.436E2 2.620E~1

TOTAL 563 2.141E4
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c) AGE 4 SWORDFISH

REGRESSION OF MULTIPLICATIVE MODEL

MULTIPLE R.v.vouuu.n
MULTIPLE R SQUARED,..

0.514
0.265

ANALYSIS OF VARIANCE

SOURCE OF SUMS OF MEAN
VARIATION DF SQUARES SQUARES F-VALUE
INTERCEPT 1 2.443E4 2.443E4
REGRESSTION 14 5.211E1 3.722E0 14.085
YEAR 5 2.174E1 4.347E0 16.451
AREA&MONTH 8 2.347E1 2.934E0 11.103
GEAR 1 1.149E~-1 1.149E-1 0.435
RESIDUALS 548 1.448E2 2.642E-1
TOTAL 563 2.463E4
d) AGE 5+ SWORDFISH
REGRESSION OF MULTIPLICATIVE MODEL
MULTIPLE R............ . 0.602
MULTIPLE R SQUARED..... 0.362
ANALYSIS OF VARIANCE
SOURCE OF SUMS OF MEAN
VARIATION DF SQUARES SQUARES F-VALUE
INTERCEPT 1 2.13384 2.133E4
REGRESSXION 14 8.713E1 6.224E0 22.223
YEAR 5 2.699E1 5.399E0 19.2717
AREA&MONTH 8 5.172E1 6.465E0 23.085
GEAR 1 2.859E-1 2.859-1 1.021
RESIDUALS 548 1.535E2 2.800E~1
TOTAL 563 2.157E4
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Figure 2. Plots by age group of: A) residuals from predicted catch rates (ln
CPUE) énd B) partial probabilities of residuals from Canadian
swordfish longline data, 1988-93. .

141



142

1987 1968 1969 1990 1891 1992 1983

CPUE (no. of fish per 1000 hooks)

5 B

4 j‘w.Aga.ﬂ. e

g

2 g 3 _\\\. <

1 e
o T T Y T T T

1987 1888 1889 1990 1991 1982 1893

+3--Age sl .. II\
] \\5'
1 e g
1. \I
3 .
0 T 1 T T T T
1987 1988 1969 1990 1991 1992 1993

Year

Figure 3. Standardized catch rates for swordfish (no. of fish per 1000
hooks) by age group for the Canadian longline fishery from 1988-
1893. vertical bars represent ¢ 1 standard error.

Appendix 1

.Thc annual paticrn of CPUE between areas 2 and 14 is considered to be similar and
reflective of abun@ancc. therefore, both areas were retained for the analysis. Although only
10% of the Canadian catch is from arca 14, the scasonal pattern of CPUE is consistently

differcnt from area 2. The multiplicative model removes the seasonal difference in the
paticrn of CPUE between areas.

Monthly trends in CPUE for areas 2 and 14 were gencrated by running the Composite
Model for cach age group with different standards for the Area & Month composite term
(Appendix Fig. 1). Differences between areas are apparent, with monthly catch rates from
area 14 being consistently higher than area 2 for all age groups. Temporal shifts in peak
catch rates occurred between areas but differed among age groups. For ages 2 and 3, the
highest catch rates generally occurred during August in area 14 and in September for area 2.
In contrast, for ages 4 and 5+, peak catch rates generally occurred during September in both
arcas.

Since swordfish exhibit temporal and spatial movement patterns in and out of the
Canadian fishing zone during their summer feeding migration (Appendix Fig. 1), the
composite term should help explain additional variability in the estimate of CPUE. Although
swordfish captured in area 14 are generally larger (as indicated from Task 1I data) and catch
rates higher than area 2, the number of trips to this region are low (i.c. 78 vs 485 in area 2
from 1988 to 1993) because of the distance to the fishing grounds and inclement weather
conditions. It is recommended, however, that area 14 be included in the analysis since it is
an important component of the Canadian fishery.
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Appendix Fig.1 Standardized catch rxates for age 2-5+ swordfish (no. of fish

per 1000 hooks) by area and month for the C i
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