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INTRODUCTION

The high variability of the sex-ratio at size in the Atlantic swordfish has been highlighted in

previous research carried out by several authors (BECKET, 1974; HOEY, 1986, 1991; GARCIA;.

& MEJUTO, 1988). This research was based on a relatively extensive geographical approach,
depending upon the activity of the respective fleets under study.

The geographical expansion of some of the fleets has made it possible to carry out more

wide-ranging spatial analyses (HOEY,1991; MEJUTO et al. 1991; LEE, 1992; DELA SERNA

etal., 1992, 1993; AROCHA & LEE, 1993, AROCHA et al. 1994; MEJUTO et al. 1994).

This variability in sex-ratio at size has been explained by a possible difference in growth and/or
natural mortality between the sexes. However, other factors such as differential migratory
behaviour/distribution by sex due to specific physiological-oceanographic requirements according
to sex must be taken into account.

Most of the available information has been compiled based on the activity of the Atlantic and
Mediterranean surface longline fleets. The limited information from other gears such as driftnets,
which carry out their activity in highly restricted areas and seasons of the Atlantic has also been
included in this analysis.

MATERIAL AND METHODS.

This paper analyses data from the activity of the Spanish fleet in several oceans. ' From 1986 to
1994 an intensive sampling program was set up in the major Spanish ports-of the Atlantic and
Mediterranean as well as on board the long distance longline vessels that dressed the fish on
board.

Sex identification on board or in the landings was carried ott by different teams ‘who used
previously standardized identification criteria. L o

This analysis also includes a limited data from the West Atlantic whose collection was begun in
1990 (AROCHA et al., 1994; SCOTT pers. comm.). These data will surely help us to have access
to a more global geographical view.

A total of 20 areas were defined; 15 in the Atlantic, 2 in the Mediterranean, 2 in the Indian and
1 in the Pacific (Figure 1), Within area (91) a data subset called (31) was established and referred
to the limited observations made by the Spanish fleet within area (91).

Since the samplings were carried out over a long series of years and the number of observations
per year was too low to provide an accurate representation of ali the spatial-temporal strata
defined, the variable year was not considered. Therefore, we assumed that there was an erratic
eflect of annual variability for a specific spatial-temporal stratum.

The data were classified in 6 month temporal periods: Time 01 : from January to June. Time 02:
from July to December. . '
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The (LIJFL) size was generally measured with a gauge to the lowest centimetre and classified in
5 ¢m intervals. As in previous analyses, only fishes in the 115<=LJFL<=200 size range were
included for clustering. :

Sizes outside this range were excluded as they normally showed a very low number of observations
in areas other than the Mediterranean. In addition, individuals measuring less than 115 cm usually
have sex ratios of around 50%, whereas individuals over 200 cm have values of around
90%-100% . Therefore, the size ranges used in this analysis are those where the highest degree of
variability is generally found.

The values for overall sex ratio (SRo) and sex ratio at size (SRs) were defined as:
SR = (females / (females+males)) * 100

The data matrix of area/time/size/SRs was analyzed and classified into clusters or groups. Four
agglomerative hierarchical methods were tentatively used (DIGBY & KEMPTOM, 1991,
PIELOU, 1984; JONGMAN & BRAAK, 1987).

1. Average linkage cluster analysis.

2. Single linkage cluster analysis.

3. Centroid bierarchical cluster analysis.

4. Ward's minimum variance cluster analysis.

Individual Gonadal index was based on gonads weight and size (LJFL) of each fish caught

(KUME & JOSEPH, 1969). More details on methodology may be found in earlier research
(MEJUTO et al. 1994).

RESULYS.

A total nuraber of 100944 size-sex observations provided by the Spanish fleet were analyzed

(50372 males and 50572 females). Also included was a total of 10872 size-sex observations (4417

males and 6455 females) from the sampling carried out on the USA and Venezuelan fleets (areas
91, 92 y 93) (AROCHA et al, 1994; SCOTT pers. comm. ).

Table 1 presents a sumimary of the information on number of fish sampled by area/quarter/sex for

" the 20 areas defined. Since the number of observations was scarce or non-existent in some of the

pre-defined strata (Area+Time), a total of 36 strata were chosen as adecuate for future analyses.

Table 2 shows the values for overall sex ratio (SRo) and sex ratio at size (SRs) for the 36 area-time
strata analyzed: They are represented in Figure 2.

As indicated in earlier research, the SRo values obtained are greatty affected by the size range
being sampled. Therefore it is wise to avoid this variable in making comparisons between
space/time or between fleets.

The 4 types of clusters tested have relatively consistent results for most of the strata defined. In
general, the definition of similarity between groups was found to be relatively insensitive to the
cluster method used, with the exception of some strata (for example: area 41). This is probably
due to the fact that they are in "borderline" situations, low number of ebservations, etc.



Therefore, only the resuits obtained using 3 print-outs of the 4 cluster methods are shown in the
graphs (Figures 3a, 3b, 3¢).

The observations obtained in area 91 by the fleets from USA and Spain (sub-set 31) appear to be
quite different from each other. In spite of the amount of data available, it is clear that the data

from the Spanish fleet only represent a small portion in the East of the total area 91. This makes

it difficult to compare the data obtained by the two fleets. So, the data from the USA fleet would
appear to be more representative of area 91 as a whole.

Based on the findings, at least 5 possible clusters might be suggested:
A: areas/strata 04, 05, 06, 10, 91, 52, {41]?2. '
B: areas/strata 02, 03, 09, 12, 92.
C: areas/strata 20, 21.
D: areas/strata 01, 31, 93, 51-02.
E: areas/strata 07, 08, 51-01.

In order to provide a diagnosis, a second approach was carried out using data exclusively from the
Atlantic and Mediterranean (omitting sub-set 31). The cluster results for the 4 methods used were
equally consistent and relatively insensitive to the cluster method used. In general all the strata
remained within the same cluster, in spite of the method used. The Average Linkage Cluster
Analysis method was considered for the graphs as representative of the results obtained (Figure
3d).

As in previous analyses the Atlantic areas known as 07 and 08 show great similarity and are totally
different from the sex-ratio pattern from other strata of the Atlantic (Figures 3 a,b,¢,d). However,
this pattern of areas 07 and 08 is similar to that found in stratum (51-01) of the Indian Ocean,
where spawning females or females ready to spawn were found.

Figure 4 offers some examples of the gonad indices found in these areas of the Atlantic and Indian
QOcean, as compared to gonad indices from other nearby areas.

These facts might point to a differential behaviour in females ready to spawn (DE LA SERNA
ct. al, 1993) and/or influencing the catchability by surface longline. Otber authors (ALIO et. al,,
1993) have described similar phenomena in other spawning zones of the Atlantic. They have also
discussed the influence of this behaviour on a possible overestimation of the first maturity size in
females.

We must remember that these types of quantitative cluster methods are prone to a certain
subjectivity, depending on the level or distance between clusters that is used for slicing between
groups. In addition, this methodology does not take into account the variability found in the
estimation of each SRs.

In other hand, the possible temporal variability may be minimized if the 6 month classifications are
imposed in order to get a beiter representative number of observations in each stratum.
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Table 1. Number of fishes sampled by area, quarter and sex, for sizes 50<=LJFL< 350, for the
period 1986-1994. Data from the areas 91, 92 and 93 were taken from AROCHA ct al (1994)
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0.490 &1.121 43,159 49.580 44.000 52.212 95.779 57.995 71.000 63.918 77.778 78.261 85.346 78.571 87.500 95.238 100.00 100,00 100.00
0.417 20.000 47.619 40.000 27.027 32.432 35.000 30.233 368.983 29.412 41,379 50.000 40.6P5 61.290 43.750 77.778 bb.b67 100,00 100.00
0.568 50.000 43,455 50.000 30.000 50,000 16.667 29.412 33.333 66,647 25.000 50.000 71.429 75.000 85.714 40.000 71.429 100.00 100.00
0.363 33.333 5¢.4632 42.308 48.062 55.039 60.204 £3.934 72.549 61.702 72.340 60,000 64.151 £7.568 52.381 39.535 44.898 52.941 63.889
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0.775 79.167 63,415 63.634 68,966 63.077 73.810 £8.571 75.281 76.923 64.815 74.138 85.714 83.333 78.571 92.105 79.412 95.452 95.000
0.738 55.452 66.026 69.118 75,410 68.519 70.342 73.180 72,414 69.677 71.429 77.273 80.488 84.459 88.776 68.776 91.139 95.714 91.2°78
0.440 50,000 46.154 40.000 33.333 35.979 30.102 22.535 28.495 30.4%b 29.375 27.742 33.333 35.406 45.5669 40.19% 68,000 82.258 82.353
0.439 49,231 51.190 38.393 37.049 42.727 39.080 28.947 31,647 32.353 36.36% 51.351 52.174 74.074 54.167 60.000 &b.647 80.000 83.333
0.570 55,996 45.714 43.478 36.170 51.429 60.870 4b.154 47.222 62.500 61.530 79.487 82.353 53.844 75.000 B&.667 91.b647 100,00 89.889
0.939 48,624 57.009 49.180 53.333 40.000 44.000 45.714 4b.467 62.963 50.000 71.795 bb.bb7 B82.609 £9.565 BO.000 46.667 87.500 100.00

Table 2. Overall sex-ratio (SRo) and sex ratio at size (SRs) for each spatial+temporal stratum
defined.
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Figure 1. Definition of the geographical areas used in the analyses.
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Figure 2. Sex-ratio at size for the spatial-temporal strata defined . The plots have been combined
into "groups" for easier comparison.
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Figure 3 (cont )
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Figure 4. A comparison of the gonadal index by size (females) found in some areas of the Atlantic

and Indian Ocean.
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