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SUMMARY

The distribution, abundance and population structure of Illex argentinus in relation to the oceano-
graphic conditions during summer 1997, were analysed as a result of the research cruise carried out by
the R/V "Shinko Maru N° 3" on the Argentine shelf (39-50°30'S). Besides, abundance and biological
features of Ommastrephes bartrami are analysed.

The main activities carried out during the cruise included jigging operation, tagging (only for
Illex argentinus) and biological sampling. In addition, meteorological and oceanographic data were co-
llected. A total of 30,200 individuals were tagged and released. The recapture rate was 0.156% (47
recoveries/30,200 released), considerably higher than that of 1996 (0.030%; 4 recoveries/13,191
released).

Illex argentinus was caught in 46 of the 51 jigging stations on the continental shelf, from 39°S to
49°30'S at depths between 50 and 200 m. The length distributions of both sexes were generally uni-
modal but there was a clear evidence that at least two squid spawning groups were present in the sur-
veyed area, judging from the analysis of the maturity stage distribution. The hatching months, derived
from statolith increment readings, ranged from January to August, with most hatching during April-June.

Ommastrephes bartrami was caught in all the stations performed but in a very low number. The
CPUE ranged between 0.08 and 0.56 kg/(hs.line), showing that extremely low and similar abundances
took place in the whole sampled area, where water surface temperature was between 22.1 and 24.5°C.
The 65.78% of the squid sampled were males and the 34.22% females.

Key words: Illex argentinus, Ommastrephes bartrami, Southwest Atlantic, distribution, stock structure,
tagging.

RESUMEN

Campaña de investigación conjunta JAMARC-INIDEP sobre el calamar de Argentina Illex
argentinus. Enero-marzo 1997. Se analizan los resultados del crucero de investigación conjunta
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INIDEP-JAMARC 1997, que se desarrolló en el buque potero "Shinko Maru Nº 3" durante enero-
marzo, en aguas de la plataforma continental argentina.

El principal objetivo de este crucero fue marcar calamares (Illex argentinus) y obtener informa-
ción biológica, oceanográfica y meteorológica en 90 estaciones distribuidas en 16 piernas entre los 39°S
y los 50°30'S (Figura 1). Además, se efectuaron 10 estaciones para la pesca exploratoria del calamar
rojo (Ommastrephes bartrami) en la región oceánica, entre los 33°30'S y 34°30'S (Figura 2).

El análisis de la distribución superficial de la temperatura del mar (Figura 3) en el sector austral
mostró una orientación zonal de las isotermas con un fuerte gradiente localizado fuera del Golfo San
Jorge (46°S), donde aguas costeras frías, originadas en el Estrecho de Magallanes, se introducen, desde
el sur del golfo, en el régimen de plataforma intermedia. Al norte de los 47°S, el patrón de distribución
de las isotermas fue paralelo a las isobatas, observándose el máximo gradiente en la región del talud
continental. Sobre la plataforma intermedia las temperaturas se encontraban entre 15°C y 18°C. La dis-
tribución vertical de la temperatura se caracterizó por un calentamiento latitudinal de la capa de mezcla
y un incremento del gradiente vertical de temperatura entre las capas de mezcla y el fondo (Figuras 6 y
7, Tabla 3).

Las distribuciones de salinidad de superficie y fondo mostraron una lengua de agua de baja sali-
nidad que se extendía desde el sur del Golfo San Jorge hasta los 39°S sobre la plataforma intermedia y,
a ambos lados de ella, aguas con salinidades superiores (Figuras 5).

Illex argentinus fue capturado en 46 de las 51 estaciones de pesca realizadas (Figura 9) y las ma-
yores abundancias se registraron sobre la plataforma intermedia, entre los 46°S y 47°30'S (50,41
kg/(hs.línea)). Las distribuciones de tallas de ambos sexos fueron unimodales pero, considerando los
estadios de madurez gonadal y los meses de nacimiento, al menos dos grupos de calamares estaban pre-
sentes en el área investigada. Sobre la plataforma interna e intermedia, entre los 39°S y los 47°30'S,
individuos maduros y en reproducción (estadios V a VIII), con tallas entre 15 y 27 cm LM y que habían
nacido entre febrero y abril fueron identificados como pertenecientes al Stock Desovante de Verano
(SSS), mientras que aquellos distribuidos al sur de los 44°S, sobre la plataforma externa, inmaduros y
en maduración (estadios I a III), con tallas entre 15 y 25 cm LM y nacidos entre abril y julio (princi-
palmente en mayo-junio), correspondían al Stock Sudpatagónico (SPS). Una mezcla de ambos stocks
se observó en aquellas estaciones ubicadas sobre la plataforma intermedia entre los 45°30'S y 47°S
(Figuras 10, 11, 12 y 13).

Un total de 30.200 calamares fueron marcados en la nadadera con spaghettis plásticos, de los
cuales 47 ejemplares fueron recuperados por 25 buques pesqueros (19 poteros y 6 arrastreros; Tabla 4).
La tasa de recaptura fue del 0,156%, considerablemente mayor a la de 1996 (0,030%; 4 recapturas /
13.191 ejemplares marcados).

Ommastrephes bartrami fue capturado en todas las estaciones (Figura 18), variando la CPUE
entre 0,08 y 0,56 kg/(hs.línea), con temperaturas de superficie del agua que oscilaron entre 22,1°C y
24,5°C (Tabla 2). El 65,78% de los ejemplares muestreados fueron machos, constituyendo las hembras
el 34,22% restante. Las distribuciones de tallas de los machos mostraron la presencia de tres clases
modales (Figura 19). La primera (13 a 20 cm LM) constituída por ejemplares inmaduros, la segunda
(21 a 29 cm LM) inmaduros y en maduración y la tercera (30 a 40 cm LM) por ejemplares maduros.
Entre las hembras, sólo la primera clase modal (14-21 cm LM, ejemplares inmaduros) fue claramente
detectada. La presencia de ejemplares de mayor tamaño fue muy escasa y las hembras mayores de 34
cm LM estaban maduras. Las mayores tallas observadas alcanzaron los 48 cm LM.

Palabras clave: Illex argentinus, Ommastrephes bartrami, Atlántico Sudoccidental, distribución,
estructura poblacional, marcación.



3BRUNETTI ET AL.: JAMARC-INIDEP 1997 JOINT RESEARCH CRUISE ON ILLEX ARGENTINUS

INTRODUCTION

The second research cruise, under the JAMARC-INIDEP joint squid-tagging research pro-
gramme established in 1995 (JAMARC, 1996), was carried out in the waters off Argentina during
January-March 1997 by the F/V "Shinko Maru Nº 3".

The main aim of the 1996 tagging survey, to obtain information on the biological characteristics,
distribution, migration and stock structure of the short-finned squid (Illex argentinus) on the Argentine
shelf, was kept up during 1997. Besides, a secondary objective, to investigate the presence, abundance
and biological characteristics of the neon flying squid (Ommastrephes bartrami) in the area off
Argentina, was introduced.

The main activities carried out during the cruise included jigging operation, tagging (only for Illex
argentinus) and biological sampling. In addition, meteorological and oceanographic data were collected.

As concerns Illex argentinus, the results of the first research cruise, carried out under this pro-
gram during January-February 1996, confirmed the previously reported distribution and population
structure of the species during summer (Brunetti, 1981; 1988; Otero et al., 1981; Hatanaka, 1986;
Koronkiewicz, 1986; Brunetti and Perez Comas, 1989a; 1989b; Nigmatullin, 1989; Rodhouse et al.,
1995; JAMARC, 1996). Squid was caught in the whole researched area but the largest abundances were
limited to the intermediate and outer Patagonian shelf, where the presence of the two stocks known for
the area, Summer Spawning Stock and Southpatagonic Stock, was observed.

Ommastrephes bartrami is a world wide distributed species found in subtropical and temperate
oceanic waters. In the Southwestern Atlantic region it is distributed between 27°S and 45-48°S (Zuev
et al., 1976; Roper et al., 1984). The southern limit of the distribution is related to the displacements of
the Brazil Current (18-24°C) and the warm eddies resulting of the Brazil-Malvinas Confluence (10-
14°C). These squid live in small-sized schools, much smaller when the individuals are large. The largest
individuals (> 50 cm ML) seem to be lonely (Wormuth, 1976). During summer, most of the squid that
inhabit the area off Argentina and Uruguay are immature and their sizes range between 10 and 26 cm
ML, while a larger size (13-43 cm ML) and maturity (juveniles, subadults, adults) range is encountered
during winter (Leta, 1986; 1989; Nigmatullin, 1989). Juveniles (1-8 cm ML) were caught during spring
1988 in the area off Argentina, at temperatures over 10°C (Anon., 1989; Brunetti and Ivanovic, MS).
The species could be potentially explotably in the Uruguayan sector of the Argentine-Uruguayan
Common Fishing Zone during summer, judging for the results of an experimental fishery cruise in which
yields of 50 individuals by hour and jigging machine were obtained (Leta, 1986). On the other hand, no
commercial yields were recorded during another exploratory cruise carried out during winter (Leta, 1989).

The present report deals with the oceanographic conditions of the surveyed area, as well as with
the distribution, migrations, abundance and biological features of Illex argentinus and Ommastrephes
bartrami. It addresses the problem of stock discrimination in the Argentine short-finned squid through
tagging studies and size, maturity and age data.

MATERIAL AND METHODS

OUTLINE OF THE SURVEY

Objectives

- To tag individuals in order to know the distribution, migration and stock structure of the Argentine
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short-finned squid (Illex argentinus).
- To collect biological data and statoliths of Illex argentinus.
- To know the distribution and abundance of the neon flying squid (Ommastrephes bartrami) in two
experimental transects.
- To collect biological data and statoliths of Ommastrephes bartrami.
- To collect meteorological and oceanographic data.

Area covered and survey period

The survey for Illex argentinus covered the waters of the Argentine shelf, as well as the conti-
nental slope and open sea, between latitudes 39°00'S and 50°30'S (Figure 1). Two experimental tran-
sects in the oceanic waters at latitudes 33°30'S and 34°30'S were carried out to investigate
Ommastrephes bartrami (Figure 2).

The survey comprised two (2) legs. Harbours and dates of departure and arrival of each leg were
as follows:

LEG I Departure Puerto Madryn 02 Jan. 1997
LEG I Arrival Puerto Madryn 30 Jan. 1997
LEG II Departure Puerto Madryn 05 Feb. 1997
LEG II Arrival Mar del Plata 13 March 1997

Research Vessel
Vessel Details:

Name: Shinko Maru N° 3
Radio Call sign: JCTY
Gross registered tonnage: 835
Length overall (m): 51.69
Main Engine Horsepower: 1600
Generator Capacity (kW): 400 (KW) x 3
Speed (kts): 11.5

Jigging gear:
Number of single machines: 25
Number of double machines: 32
Above surface attractor lights, N°   170 (1KW x 90, 2KW x 80)

Scientists on board

A Japanese scientist conducted tagging, biological sampling (specially statolith collection) and
oceanographic observations with close cooperation of the scientists from INIDEP.

Two Argentine scientists took biological samples of Illex argentinus, offered assistance to the
JAMARC scientist on tagging activity and recorded the data on jigging operation and oceanographic
observations.

ARRANGEMENT OF THE SURVEY PLAN

As a whole two legs (I and II) were carried out. The first leg covered the southern region between
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50°30'S and 44°15'S (Figure 1) while the second leg covered the area between 47°30´S and 39°00'S,
and the two transects placed in the oceanic region at 33°30'S and 34°30'S (Figure 2). Jigging operations
and meteorological and oceanographic observations were performed daily.

The sampling design for Illex argentinus showed some modifications regarding that used during
the first joint research cruise of the "Shinko Maru N°3" in January-February 1996. As it was recom-
mended from the 1996 results (JAMARC, 1996) the cruise started from the southern stations and deve-
loped to the north, against the squid migratory displacements and following the seasonal movements of
the jigging fleet. The first leg consisted of 50 stations (29 jigging stations), located in 9 sections, and
the second leg consisted of 7 sections for Illex argentinus (37 stations, 22 jigging stations) and 2 for
Ommastrephes bartrami (11 stations, 10 jigging stations).

The leg, section and station number, location of fishing stations and activities are given in Table 1.

Environmental observations

Meteorological observations were performed in 100 locations (61 fishing stations and 98
oceanographic stations and two additional to the stations 66 and 77). Data recorded were: weather, wind
direction and force, atmospheric pressure (HPA), air temperature (°C) and sea surface temperature (°C).
In addition, location and meteorological condition were recorded every day at noon. Table 2 shows the
meteorological and oceanographic observations at each fishing station.

Vertical water temperature, conductivity and salinity were measured down to 450 m depth by
means of an CTD, at 100 stations at standard depths (Bottom < 50 m: one register by 1 m, Bottom ≅ 100
m: one register by 2 m, Bottom ≅ 150 m one register by 5 m, Bottom ≅ 450 m: one register by 10 m).

Horizontal and vertical maps of temperature and salinity were employed in order to interprete the
field distribution of this parameter. Distribution of surface water temperature was observed using satel-
lite data.

Speed in knots and bearing in degrees of water currents in each fishing station were estimated by
using a geomagnetic Electrokinetograph (G.E.K.) and a Doppler Current Meter (Table 2).

Fishing Operations

Illex argentinus

Fifty one (51) fishing stations were carried out, twenty nine (29) were performed during Leg I
(1-50) while twenty two (22) were made in Leg II (51-87) (Table 1, Figure 1).

As a rule, one jigging operation was conducted per day, but eight (8) stations were covered at the
rate of two stations per day. The duration of the jigging operations were between 90 minutes and 10
hours and most of them were carried out during night time (41) and only 10 were performed during day
time.

Recorded data on jigging operations were: fishing station number, date, moon, location (latitude
and longitude), time of starting and ending of jigging operation, duration of jigging operation, number
of jigging lines used, depth of jigging, catch in number and weight and time of sunrise and sunset.

Ommastrephes bartrami

Ten (10) jigging stations were performed at the end of Leg II (88-98) (Table 1, Figure 2). All of
them were carried out during night time, ranging their duration between 5 and 10 hours.
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Tagging (Illex argentinus)

All squid caught and judged suitable for tagging were tagged and released up to 1,000 indivi-
duals at each station. In the case that total catch was less than 1,000 individuals, all the squid suitable
for taggig experiment were tagged and released. A spaghetti type tag attached to the fin was employed.
Serial numbers of tags expended at each station were recorded.

As a whole 51 tagging locations were performed (Leg I: 29; Leg II: 22). A total of 30,200 indi-
viduals were tagged and released. Data recorded in each tagging station were: tagging station number,
date, location (latitude and longitude), number of tagged squid, serial number of tags used and not used.

Biological Sampling

Illex argentinus

Up to 150 squid were sampled in each jigging station to obtain biological information. A total of
5,953 individuals (2,670 males and 3,283 females) were sampled on board. Mantle length (mm), sex,
maturity stage and stomach repletion (0-3) were recorded. Maturity stages were assigned using an
eight-stage scale of maturity (Brunetti, 1990). Relative proportions of grouped maturity stages (I-II:
immature, III: begining of mature, IV-V: mature, VI-VII-VIII: spawning and postspawning) for each
size class were calculated for all samples. Statoliths were extracted from 1,983 individuals and
processed as per the method described in Brunetti et al. (1998) in order to know the population age and
hatching month structure.

Ommastrephes bartrami

Up to 150 squid were sampled in each jigging station to obtain biological information. A total of
1,499 individuals (986 males and 513 females) were sampled on board. Mantle length (mm), sex, matu-
rity stage and stomach repletion (0-3) were recorded. Maturity stages were assigned using an eight-
stage scale of maturity (Brunetti, 1990). Fifty squid of each station were frozen for later studies at
INIDEP. Relative proportions of grouped maturity stages (I-II: immature, III: begining of mature, IV-
V: mature, VI-VII-VIII: spawning and postspawning) for each size class were calculated for all samples.

RESULTS

General oceanographic features

General oceanographic conditions for the waters off Argentina were outlined in the 1996 cruise
report (JAMARC, 1996).

Distribution of oceanographic parameters

A preliminary analysis of the surface temperature data showed no correspondence in the mea-
surements of the two legs of the cruise at the overlapping area (44°S to 47°S). This mismatch was due
to the extended break time between them, causing a 30 days lag period in the sampling of spatially coin-
cident stations (Table 1). Consequently, the analysis of the surface temperature field was separately per-
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formed for both legs. Such data inconsistency was not observed in the bottom temperature field because
of the higher stability conditions of the deeper layers below the thermocline. Neither was for the sur-
face and bottom salinity fields, probably due to the absence of variability in the vertical structure of this
parameter; hence for both them, the two legs were analysed as a unit. It should also be noted that besides
the said temporal sampling discontinuity, 1997 survey design developed northwards while the previous
1996 cruise developed southwards. Therefore, not a direct comparison of temperature data for the mix
layer could be done between both cruises, considering that a total time mismatch of 60 days resulted
for the extreme regions of the studied area.

Horizontal distribution of temperature

Surface temperature field for the two legs of the cruise is presented in Figure 3. The area covered
by the first leg extended from 50°S to 44°S and was sampled between January 5th to 25th. Herein, a
zonal orientation of isotherms is noted, with a stronger gradient located off the San Jorge Gulf (46°S).
At this region, a cooler water coastal tongue intruded the mid shelf regime from the southern tip of the
gulf, probably originated in the Magellan's Strait. Near the continental shelf break isotherms turned
northward. This distribution pattern was coincident with that observed in the 1996 survey. In spite of
the temporal displacement of the 1997 sampling respect to the previous, no significant temperature va-
riation was noted, except for a 1°C difference around the 44°S band.

The second leg extended from 47°S to 39°S and was sampled between February 6th to March
8th. The isotherms distribution pattern was parallel to isobaths, mainly to those defining the shelf break.
Isotherms maximum gradient is also observed in this region, characterizing the shelf-break front. The
mid shelf regime temperatures ranged from 15° to 18°C.

As in 1996 survey, bottom temperature field in the whole studied area (Figure 4) seemed to be
mostly controlled by bathymetry. The cooler water in the outer-shelf area was strongly influenced by
Malvinas Current, while the bottom warmer water was associated to the shallowness of coastal region.
As expected by considering the temporal displacement between sampling of both years, 1997 bottom
coastal temperature north to San Jorge Gulf seemed to be warmer that for 1996. However, south to this
gulf, bottom temperature values were coincident between both years.

Horizontal distribution of salinity

Surface and bottom salinity distributions (Figure 5) showed a low salinity tongue disjoining the
coast at the southern end of San Jorge Gulf, to intrude mid shelf northwards up to 39°S. This low sali-
nity coastal flux is originated by the input of diluted water from the southern Chile channels and
Magellan's Strait at the southern end of the continent (Brandhorst and Castello, 1971; Guerrero and
Piola, 1997). The said low salinity mid shelf tongue was bounded by two salinity maxima. One was
related to the shallow coastal waters, whose higher salinity is sustained by the northern patagonian gulfs
regimes (Piola and Scasso, 1988; Rivas and Ripa, 1989; Rivas and Beier, 1990); and the outer one was
determined by the closeness to the high salinity water of Malvinas current, flowing northwards along
the slope.

Vertical distribution of temperature

The vertical distribution of temperature data in selected sections of the cruise was analysed in
order to characterize the stratification of the water column (Figure 6).
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Although no direct comparison of data was possible, only spatially coincident to those sampled
in 1996 sections were selected. As observed for the previous survey, a two-layer regime is noted in all
sections, in which a warm upper layer in thermal equilibrium with atmosphere comes upon a cool water
layer of sub-Antarctic origin advected over the bottom.

The evolution of physical properties during the cruise could be analysed through two sections
selected from the first leg that were revisited in the second leg a month later. Section IV (early January)
was spatially coincident to X (early February) and section VIII (January 20 to 25th) was coincident to
XII (February 14 to 18th), respectively in the south and north of the overlapping area (Figure 7). A 1°C
warming was observed in the mixed layer of section X after the 1 month gap between both samplings,
denoting the summer heat flux from atmosphere to the ocean. Opposite to this condition, the mixed
layer of section XII was cooled by 1°C. This difference was probably due to a thermal inversion of the
air-sea heat flux, as observed from Table 2; where a decrease in the air temperature is showed, beco-
ming dominantly cooler than sea surface temperature from February 17th on.

In spite of the temporal gap between sampling proceedings, no thermal variation was observed
in the deeper layer below the thermocline for both sections.

Table 3 summarizes the general latitudinal trends measured during the 1997 cruise. As for the
1996 cruise report, sections were characterized as a function of the mean temperature of the mixed
layer, difference between the mean temperature of mixed and bottom layers, depth of the thermocline
and mean bottom depth. Mean bottom depth for each section was estimated from only those stations
over the shelf, and the difference between the mean temperature of mixed and bottom layers was cal-
culated by using only stratified stations.

A northward latitudinal warming in the mixed layer and an increase of the vertical temperature
gradient between the mixed and bottom layers was observed through the studied area, resulting from
the differential heating of sun. The latitudinal thermal gradient was weaker than observed in the 1996
survey. This observation could be affected in part by the cruise design, developed from south to north
(52° to 39°S) over a 60 days period. This means an average latitudinal sampling speed of 30 cm.seg-1.
Considering the mean flux of over-shelf waters has same direction and was estimated to be around 10
cm.seg-1 (Piola and Rivas, 1997), sampling could probably include an important lagrangian component
that will induce the observed smoothing in the latitudinal gradients. 

Vertical distribution of salinity

A few geographically distant salinity sections (Figure 8) were selected in order to demonstrate
that, as for the 1996 survey, no significant vertical structure in the salinity distribution was observed.
This condition is consistent with previous studies that found out the density stratification in shelf waters
off Argentina to be controlled by the vertical temperature field (Guerrero and Piola, 1997).

FISHING SURVEY

Illex argentinus

Distribution and abundance

Illex argentinus was caught in 46 of the 51 jigging stations on the continental shelf, from 39°S to
49°30'S at depths between 50 m and 200 m (Figure 9).
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A wide distribution of abundance indices (0.02-50.41 kg/(hs.line)) was observed. No captures or
the lowest ones were taken in the shallower northern areas (39°S - 44°S) and south 47°30'S. A noticea-
ble decrease of the abundance was observed between the two legs. The largest cpues were observed on
the intermediate shelf, between 46°00'S and 47°30'S, during de first leg, reaching a maximum of 50.41
kg/(hs.line). During the second leg, the largest cpues were registered at the same latitudinal range, but
they were considerable smaller (maximum 26.24 kg/(hs.line)) and concentrated nearer the coast (around
the 100 m isobath).

A direct comparison of the 1996 and 1997 survey results is difficult due to the change in the sam-
pling design performed during the last year. Even though, generally speaking it could be said that the
abundances registered during the first leg of 1997 almost doubled those registered during 1996 (maxi-
mum 25.75kg/(hs.line)) while the geographical distribution patterns observed were similar. The highest
concentration area was somewhat shorter in latitude (46°00'S-47°30'S) and displaced to the west than
in the previuos year (44°30'S-48°30'S).

Length and maturity frequency distribution

The length distributions of both sexes were generally unimodal (Figures 10, 11, 12 and 13) but
there was a clear evidence that at least two squid spawning groups were present in the surveyed area
judging from the analysis of the maturity stages distribution.

Taking into account the elapsed time between both legs, the second leg was chosen for the length
and maturity stage distribution analysis as it represented the whole surveyed area (Figure 14).

Individuals in advanced maturity stages and reproduction (V to VIII) were found in all stations
placed on the inner and intermediate shelf from 39°S up to 47°30'S. Their sizes ranged between 15 and
25 cm ML in the case of males, and from 17 to 27 cm ML between the females. A second brood, com-
posed by immature and maturing squid, appeared on the outer shelf south 44°S while they were pre-
sent in the whole area south 46°30'S. Their sizes ranged between 15 and 25 cm ML, and for the same
size the maturity of males (III-IV) was considerably more advanced than that of females (I-II).

Hatching months

The hatching months derived from statolith increment readings ranged from January to August,
with most hatching during April-June and no obvious difference between sexes (Figure 15).

The hatching month frequency distribution by sex and station (Figure 16) together with the rela-
tionship between hatching months and maturity stages (Figure 17) during Leg II, showed that those
small-sized mature/spawning/spent squid found on the inner-intermediate shelf, had hatched from
February to April. These squid were identified as members of Summer Spawning Stock (SSS) that
spawn in that area between December and March. On the other hand, the second group of imma-
ture/maturing squid found on the external shelf had hatched during autumn/winter (April-August) with
a peak in May-June. This group was identified as the Southpatagonic Stock (SPS) or autumn spawners.

There was a clear mix of both stocks in some stations placed on the intermediate shelf between
45°30'S and 47°00'S (St. 58, 60, 64, 65, 66 and 67), as it comes out from the analysis of the maturity
stage and hatching month distributions.

Three broods had been detected during 1996 (JAMARC, 1996) while only two were clearly re-
presented during 1997. In the northern area researched, between 39°00'S and 40°30'S, a group of imma-
ture individuals of 15-20 cm ML, identified as Bonaerensis-northpatagonic stock, had been observed in
the first cruise, even tough its abundance was low. This stock was not represented in 1997 as in 1996
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since it was only detected on the slope, particularly at Station 80, where 17-22 cm ML immature squid,
were found together with SSS squid. The presence of the SSS and SPS confirmed not only the results
of the 1996 cruise but also those previously reported on the existence of these two stocks on the
Patagonian shelf during summer (Brunetti, 1988; Brunetti and Perez Comas, 1989b). The SSS squid
showed a wider size range in 1997 (males: 15-25 cm ML; females: 17-33 cm ML) than that observed
in 1996 (males: 15-22 cm ML; females: 20-27 cm ML) but similar maturity stages. As regards the sizes,
a similar situation was observed when comparing the SPS individuals of both cruises, the range was
wider in the last year (1997: 16-25 cm ML; 1996: 20-25 cm ML), reflecting the difference in the sam-
pling dates.

Recapture results

A total of 47 recoveries were reported by 25 boats, 38 tags by 19 jiggers and 9 tags by 6 trawlers
(Table 4). Almost in all cases the squid were tagged and recaptured in the southern squid-jigging
grounds. Only one of the squid (N° 31) tagged in the northpatagonic zone (40°30'S) was recaptured fur-
ther north (38°36'S). In the case of the specimen N°46, the reported date of recapture is evidently
wrong, but unfortunately there was not possible to get the right information.

The estimated travel rates ranged between 0.03, for a squid that travelled 0.36 nautical miles in
12 days, and 13.84 nautical miles per day, for and individual that went over 41.53 nm in 3 days. The
maximum ellapsed time between tagging and recapture resulted to be 143 days, while the longest dis-
tance travelled was 390.65 nm, covered in 50 days (7.81 nm/day).

The recapture rate was 0.156% (47 recoveries/30,200 released), considerably higher than that of
1996 (0.030%; 4 recoveries/13,191 released). This increment in the recapture rate can be assigned to
the modification of the tagging design.

Ommastrephes bartrami

Distribution and population structure

Ommastrephes bartrami was caught in all the stations performed but in a very low number (Figure
18). The cpue ranged between 0.08 and 0.56 kg/(hs.line), showing that extremely low and similar abun-
dances took place in the whole sampled area, where water surface temperature was between 22.1 and
24.5°C (Table 2). The highest catch (Station 97) was obtained at the highest temperature (24.5°C).

The 65.78% of the squid sampled were males and the 34.22% females. The size distributions of
the individuals caught in all stations showed the same pattern (Figure 19). Three broods were clearly
present between the males, being Stations 89, 91, 94, 95 and 96 those where they were more evident.
They can be described as a first group of immature animals (also the most abundant) with sizes between
13 and 20 cm ML, a second brood of individuals between 21 and 29 cm ML, immature and maturing,
and a third group of squid between 30 and 40 cm ML, composed mainly by mature animals. Concerning
the females, only the first brood was clearly detected, formed by immature squid of 14-21 cm ML, as
individuals of larger sizes were found sporadically. All females larger than 34 cm ML were mature
while the largest size observed was 48 cm ML.

Leta (1986) and Nigmatullin (1989) reported that most of the squid are immature during summer,
with sizes ranging between 10 and 26 cm ML, and the maturation process starts from autumn. Our
results support these observations as for the size range 13-27 cm ML most of the individuals were
immature, while they were maturing from 20 cm ML. Wormuth (1976) reported that, in the Pacific
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Ocean, males mature between 18 and 22 cm ML, and over 24 cm ML they are fully mature. The females
start to mature between 20 and 32 cm ML, and they are completely mature at larger sizes. This does not
seem to be the case in this region, since males up to 33 cm ML were found maturing.

Other species caught

Six (6) individuals of the diamondback squid (Thysanoteuthis rhombus) were caught in the Om-
mastrephes bartrami transects, using handmade jigging lines with bait (Table 5). Their sizes ranged
between 38.5 and 70 cm ML.

Besides, a specimen of Todarodes filippovae was captured with the same handmade jigging line
at Station 90 (90 m depth).
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Table 1. Location of the stations and activities.
Tabla 1. Localización de las estaciones y actividades desarrolladas.

Leg Species Section    Station Date Longitude  Latitude Activity
number °W °S

I Illex argentinus I 1 05/01/97 66.30 50.30 1
I Illex argentinus I 2 05/01/97 65.30 50.30 1
I Illex argentinus I 3 05/01/97 64.30 50.30 2
I Illex argentinus I 4 06/01/97 63.30 50.30 1
I Illex argentinus II 5 06/01/97 62.00 49.30 1
I Illex argentinus II 6 06/01/97 63.30 49.30 2
I Illex argentinus II 7 06/01/97 64.30 49.30 2
I Illex argentinus II 8 07/02/97 65.30 49.30 1
I Illex argentinus II 9 07/02/97 66.30 49.30 1
I Illex argentinus III 10 08/02/97 65.30 48.30 1
I Illex argentinus III 11 08/01/97 64.30 48.30 2
I Illex argentinus III 12 07/01/97 63.30 48.30 1
I Illex argentinus III 13 07/01/97 62.30 48.30 1
I Illex argentinus III 14 07/01/97 61.00 48.30 2
I Illex argentinus IV 15 11/02/97 60.30 47.30 1
I Illex argentinus IV 16 11/01/97 61.30 47.30 2
I Illex argentinus IV 17 10/01/97 62.30 47.30 2
I Illex argentinus IV 18 09/01/97 63.30 47.30 2
I Illex argentinus IV 19 09/02/97 65.00 47.30 1
I Illex argentinus V 20 13/01/97 65.00 47.00 1
I Illex argentinus V 21 13/01/97 64.00 47.00 2
I Illex argentinus V 22 13/01/97 63.00 47.00 2
I Illex argentinus V 23 12/01/97 62.00 47.00 2
I Illex argentinus V 24 11/01/97 61.00 47.00 2
I Illex argentinus V 25 11/01/97 60.00 47.00 1
I Illex argentinus VI 26 16/01/97 60.00 46.30 1
I Illex argentinus VI 27 16/01/97 60.45 46.30 2
I Illex argentinus VI 28 15/01/97 61.45 46.30 2
I Illex argentinus VI 29 15/01/97 63.00 46.30 2
I Illex argentinus VI 30 14/01/97 64.30 46.30 2
I Illex argentinus VI 31 14/01/97 65.30 46.30 1
I Illex argentinus VII 32 20/01/97 65.30 46.00 1
I Illex argentinus VII 33 20/01/97 64.00 46.00 2
I Illex argentinus VII 34 19/01/97 62.45 46.00 2
I Illex argentinus VII 35 18/01/97 61.45 46.00 2
I Illex argentinus VII 36 17/01/97 60.45 46.00 2
I Illex argentinus VII 37 17/01/97 59.30 46.00 1
I Illex argentinus VIII 38 25/01/97 59.30 45.30 1
I Illex argentinus VIII 39 24/01/97 60.15 45.30 2
I Illex argentinus VIII 40 23/01/97 61.30 45.30 2
I Illex argentinus VIII 41 22/01/97 62.30 45.30 2
I Illex argentinus VIII 42 21/01/97 63.30 45.30 2
I Illex argentinus VIII 43 20/01/97 65.00 45.30 1
I Illex argentinus IX 44 30/01/97 65.00 44.15 1
I Illex argentinus IX 45 29/01/97 64.00 44.15 2
I Illex argentinus IX 46 28/01/97 63.00 44.15 2
I Illex argentinus IX 47 27/01/97 62.00 44.15 2
I Illex argentinus IX 48 26/01/97 61.00 44.15 2
I Illex argentinus IX 49 25/01/97 60.15 44.15 2
I Illex argentinus IX 50 24/01/97 59.30 44.15 1
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Leg Species Section    Station Date Longitude  Latitude Activity
number °W °S

II Illex argentinus X 51 06/02/97 65.00 47.30 1
II Illex argentinus X 52 06/02/97 64.30 47.30 2
II Illex argentinus X 53 07/02/97 63.30 47.30 2
II Illex argentinus X 54 08/02/97 62.30 47.30 2
II Illex argentinus X 55 09/02/97 61.30 47.30 2
II Illex argentinus X 56 09/02/97 60.30 47.30 1
II Illex argentinus XI 57 10/02/97 59.45 46.30 1
II Illex argentinus XI 58 10/02/97 61.30 46.30 2
II Illex argentinus XI 59 11/02/97 62.30 46.30 1
II Illex argentinus XI 60 12/02/97 63.30 46.30 2
II Illex argentinus XI 61 13/02/97 64.30 46.30 2
II Illex argentinus XI 62 13/02/97 65.30 46.30 1
II Illex argentinus XII 63 14/02/97 65.30 45.30 1
II Illex argentinus XII 64 14/02/97 64.30 45.30 2
II Illex argentinus XII 65 15/02/97 63.30 45.30 2
II Illex argentinus XII 66 16/02/97 62.30 45.30 2
II Illex argentinus XII 66(Ad.) 17/02/97 62.00 45.30 2
II Illex argentinus XII 67 17/02/97 61.30 45.30 2
II Illex argentinus XII 68 17/02/97 59.45 45.30 1
II Illex argentinus XIII 69 18/02/97 59.00 43.30 1
II Illex argentinus XIII 70 18/02/97 61.30 43.30 1
II Illex argentinus XIII 71 19/02/97 62.30 43.30 2
II Illex argentinus XIII 72 20/02/97 63.30 43.30 2
II Illex argentinus XIII 73 20/02/97 64.30 43.30 1
II Illex argentinus XIV 74 21/02/97 63.30 42.00 1
II Illex argentinus XIV 75 21/02/97 61.30 42.00 2
II Illex argentinus XIV 76 22/02/97 60.30 42.00 2
II Illex argentinus XIV 77 22/02/97 59.30 42.00 1
II Illex argentinus XIV 77(Ad.) 22/02/97 59.27 42.09 2
II Illex argentinus XIV 78 23/02/97 58.00 42.00 1
II Illex argentinus XV 79 23/02/97 56.00 40.30 1
II Illex argentinus XV 80 24/02/97 57.30 40.30 2
II Illex argentinus XV 81 24/02/97 58.30 40.30 2
II Illex argentinus XV 82 25/02/97 59.30 40.30 2
II Illex argentinus XV 83 25/02/97 61.00 40.30 1
II Illex argentinus XVI 84 25/02/97 59.00 39.00 1
II Illex argentinus XVI 85 26/02/97 58.30 39.00 2
II Illex argentinus XVI 86 26/02/97 57.00 39.00 2
II Illex argentinus XVI 87 26/02/97 55.00 39.00 1
II Ommastrephes bartrami 88 01/03/97 48.00 34.30 2
II Ommastrephes bartrami 89 01/03/97 47.00 34.30 2
II Ommastrephes bartrami 90 02/03/97 46.00 34.30 2
II Ommastrephes bartrami 91 03/03/97 45.00 34.30 2
II Ommastrephes bartrami 92 04/03/97 44.00 34.30 2
II Ommastrephes bartrami 93 04/03/97 43.00 34.30 1
II Ommastrephes bartrami 94 05/03/97 43.00 33.30 2
II Ommastrephes bartrami 95 06/03/97 44.00 33.30 2
II Ommastrephes bartrami 96 07/03/97 45.00 33.30 2
II Ommastrephes bartrami 97 08/03/97 46.00 33.30 2
II Ommastrephes bartrami 98 09/03/97 47.00 33.30 21

Table 1. Continued.
Tabla 1. Continuación.

1 = Meteorological and oceanographic stations. 2 = Jigging stations and environmental observation.



16 INIDEP INF. TÉC. 34: 1 - 36, 2000

Table 2. Meteorological and oceanographic observations at each fishing station.
Tabla 2. Observaciones meteorológicas y oceanográficas registradas en cada estación de pesca.

Station Date Sunrise Sunset       Moon        Latitude   Longitude  Weather Cloud  Wind Atm. Air       Water            Drift
Age            °S °W Dir.&Force Pressure     T°C       T°C       (Dir.-Knots)

3 1/05 05:18 21:31 25.3 50.30 64.30 o      10 WNW-4 979.0 13.0      11.1    006-0.62
7 1/06 05:21 21:26 26.3 49.30 64.30 bc      2 North-4 987.5 13.5      11.7    122-0.84
6 1/07 05:18 21:07 27.3 49.30 63.30 o NW-4 987.0 13.0      11.4    180-0.60

14 1/07 05:18 21:07 27.3 48.30 61.00 bc      3 NW-4 998.0 13.0      11.0    210-0.78
11 1/08 05:28 21:21 28.3 48.30 64.30 b        1 WSW-3 1005.0 16.5      12.3    217-0.96
18 1/09 05:29 21:13 29.3 47.30 63.30 o      10 North-5 1001.0 14.0      13.2    167-0.62
17 1/10 05:26 21:07 0.8 47.30 62.30 c        5 NW-3 995.0 17.0      13.4    027-0.82
16 1/11 05:24 21:00 1.8 47.30 61.30 o NNE-2 997.5 13.5      12.3    073-0.42
24 1/11 05:24 21:00 1.8 47.00 61.00 b NW-3 996.5 13.5      12.5    185-0.34
23 1/12 05:29 21:03 2.8 47.00 62.00 b       1 North-2 993.5 19.5      13.7    134-0.15
22 1/13 05:35 21:10 3.8 47.00 63.00 bc WSW-2 1000.0 12.0      13.7    139-0.14
21 1/13 05:35 21:10 3.8 47.00 64.00 bc     4 NW-3 1005.5 14.0      13.3    347-0.59
30 1/14 05:39 21:04 4.8 46.30 64.30 c       8 West-3 1006.5 14.0      12.4    167-0.53
29 1/15 05:39 20:58 5.8 46.30 63.00 bc NNE-4 1011.5 14.5      13.9    217-0.25
28 1/15 05:39 20:58 5.8 46.30 61.45 c NNE-2 1003.0 16.0      14.5    145-0.05
27 1/16 05:32 20:53 6.8 46.30 60.45 b South-3 1019.5 13.0      13.5    059-0.40
36 1/17 05:36 20:51 7.8 46.00 60.45 b NE-4 1011.5 15.5      14.5    013-0.39
35 1/18 05:41 20:54 8.8 46.00 61.45 f South-2 998.5 17.0      15.4    309-0.18
34 1/19 05:47 20:57 9.8 46.00 62.45 b SW-3 1001.0 19.5      15.4    076-0.02
33 1/20 05:53 21:02 10.8 46.00 64.00 b NW-2 1006.5 19.5      16.2    200-0.33
42 1/21 05:54 20:57 11.8 45.30 63.30 b North-2 1007.0 19.0      16.6    201-0.32
41 1/22 05:52 20:52 12.8 45.30 62.30 o North-4 1003.5 19.0      16.7    173-0.21
40 1/23 05:49 20:46 13.8 45.30 61.30 bc West-5 1004.5 15.0      16.0    224-0.35
39 1/24 05:46 20:40 14.8 45.30 60.15 bc NW-2 1013.0 16.0      14.9    354-0.48
49 1/25 05:51 20:36 15.8 44.15 60.15 o NW-5 1007.5 18.0      15.7    009-0.66
48 1/26 05:55 20:38 16.8 44.15 61.00 b NW-2 1002.0 21.0      17.8    009-0.25
47 1/27 06:01 20:41 17.8 44.15 62.00 bc West-1 1003.0 22.0      18.8    248-0.24
46 1/28 06:06 20:44 18.8 44.15 63.00 o North-1 1001.0 19.0      18.5    043-0.20
45 1/29 06:12 20:47 19.8 44.15 64.00 bc South-3 999.0 17.0      17.3    054-0.43
52 2/06 06:17 20:48 27.8 47.30 64.30 c North-4 1008.5 15.5      13.0    193-1.25
53 2/07 06:15 20:42 28.8 47.30 63.30 bc North-5 997.5 18.5      14.2    199-0.89
54 2/08 06:12 20:38 0.4 47.30 62.30 c NW-3 997.0 16.0      14.8    198-0.36
55 2/09 06:10 20:32 1.4 47.30 61.30 bc WSW-5 1002.0 16.0      12.6    340-0.43
58 2/10 06:14 20:28 2.4 46.30 61.30 c SSW-4 1019.0 10.5      13.2    005-0.25
60 2/12 06:25 20:32 4.4 46.30 63.30 o North-4 1004.0 16.0      14.3    144-0.28
61 2/13 06:30 20:33 5.4 46.30 64.30 c NNW-4 1001.0 15.0      13.4    337-0.57
64 2/14 06:34 20:31 6.4 45.30 64.30 bc NNW-2 1010.0 16.0      15.2    284-0.32
65 2/15 06:31 20:25 7.4 45.30 63.30 o North-4 999.0 16.5      14.9    242-0.22
66 2/16 06:29 20:20 8.4 45.30 62.30 b SW-3 1006.0 20.0      14.8    240-0.12
66(Ad.) 2/17 06:27 20:18 8.4 45.30 62.00 bc East-3 1007.0 14.0      14.6    028-0.20
67 2/17 06:26 20:14 9.4 45.30 61.30 o SE-5 1013.0 12.0      14.1    299-0.45
71 2/19 06:36 20:12 11.4 43.30 62.30 c SE-4 1017.5 12.0      15.5    199-0.81
72 2/20 06:40 20:15 12.4 43.30 63.30 b       0 North-5 1011.0 15.0      15.9    208-0.83
75 2/21 06:25 20:09 13.4 42.00 61.30 bc     2 SW-3 1004.5 20.5      16.2    320-0.54
76 2/22 06:21 20:05 14.4 42.00 60.30 bc NW-4 1003.0 16.0      16.9    094-0.33
77 2/22 06:19 20:01 14.4 42.09 59.27 bc SW-5 1011.5 13.0      14.0    020-0.72
80 2/24 06:25 19:41 16.4 40.30 57.30 bc NNW-3 1009.0 15.5      14.2    051-0.06
81 2/24 06:29 19:44 16.4 40.30 58.30 bc   3-10 North-3 1004.0 19.0      15.5    226-0.34
82 2/25 06:35 19:48 17.4 40.30 59.30 bc North-2 998.0 19.0      17.5    024-0.19
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Table 3. Latitudinal variability in the temperature field by section.
Tabla 3. Variabilidad latitudinal del campo de temperatura por transecta.

Station Date Sunrise Sunset       Moon        Latitude   Longitude  Weather Cloud  Wind Atm. Air       Water            Drift
Age            °S °W Dir.&Force Pressure     T°C       T°C       (Dir.-Knots)

85 2/26 06:34 19:39 18.4 39.00 58.30 bc SE-3 1014.0 16.0      18.6    037-0.33
86 2/26 06:28 19:33 18.4 39.00 57.00 b       0 SE-4 1018.5 18.0      17.2    037-0.37
88 3/01 05:58 18:50 21.4 34.30 48.00 bc East-4 1014.0 21.5      22.7    340-0.35
89 3/01 05:55 18:45 21.4 34.30 47.00 bc SE-5 1009.0 20.0      22.1    009-0.26
90 3/02 05:52 18:40 22.4 34.30 46.00 c SE-6 1006.0 21.0      22.1    074-0.25
91 3/03 05:49 18:35 23.4 34.30 45.00 c South-3 1009.0 22.5      23.2    067-0.21
92 3/04 05:46 18:29 24.4 34.30 44.00 bc ESE-2 1013.0 23.0      23.2    351-0.10
94 3/05 05:44 18:23 25.4 33.30 43.00 bc East-3 1012.0 24.0      24.0    203-0.35
95 3/06 05:49 18:26 26.4 33.30 44.00 o NE-4 1009.5 23.5      24.0    070-0.16
96 3/07 05:53 18:28 27.4 33.30 45.00 bc NW-3 1009.5 24.5      24.4    163-0.43
97 3/08 05:58 18:31 28.4 33.30 46.00 bc West-2 1013.0 24.0      24.5    166-0.40
98 3/09 06:03 18:34 29.4 33.30 47.00 bc East-3 1017.0 23.5      24.1    078-0.33

Section Date Latitude        Mixed layer   Surface/bottom   Depth of      Mean   Mean wind 
Sº temperature temperature     thermocline  bottom     (knots)

difference (m) depth    (1971-1980)

II Jan. 6-7 49° 30' 11.0 4.5 40 125 38.64
III Jan. 7-9 48° 30' 11.5 4.0 45 110 30.71
IV Jan. 9-11 47° 30' 12.5 5.5 40 110 30.71
VI Jan. 14-17 46° 30' 13.5 6.5 50 110 32.07
VIII Jan. 21-25 46° 00' 15.5 7.5 40 100 31.02
IX Jan. 25-30 44° 15' 16.8 9.6 35 90 25.72
XIV Feb. 21-23 42° 00' 16.0 7.5 40 75 18.94
XV Feb. 23-25 40° 30' 16.0 9.5 35 70 18.94
XVI Feb. 25-27 39° 00' 17.5 10.0 30 60 25.01

Table 2. Continued.
Tabla 2. Continuación.



18 INIDEP INF. TÉC. 34: 1 - 36, 2000

Table 4. Tagging and recapture. Recovered tag serial number, date and location (latitude and longitude)
of tagging and recapture, mantle length (ML) and total weight (TW) of the individual, name of boat,
days ellapsed between tagging and recapture, distance travelled (nautical miles) and travel rate (nauti-
cal miles per day).
Tabla 4. Marcado y recaptura. Número de la marca recuperada, lugar (latitud y longitud) y fecha de
marcado y recaptura, largo del manto (ML) y peso total (TW) de los individuos recapturados, nombre
del barco, días transcurridos entre el marcado y la recaptura, distancia recorrida (millas náuticas) y
tasa de desplazamiento (millas náuticas por día).

Tagging Data Recapture Data Days         Distance    Travel
travelled rate

N°   Tag N°        Lat Long Date Lat Long Date ML TW Boat nm        nm/day   
°S °W °S °W (mm)   (g)

1      7-2417      47.00    61.00 11/1/97 47.240 61.020 22/1/97 220 Cabo Mayor 11 24.04 2.19
2      7-8944      46.00    60.45 17/1/97 47.070 63.320 20/2/97 180 Cabo Mayor 34 132.95 3.91
3      7-17960    47.30 63.30 7/2/97 46.495 63.228 24/2/97 200 Cabo Mayor 17 40.79 2.40
4      7-17783    47.30 63.30 7/2/97 47.200 63.500 19/2/97 Dalian II 12 16.83 1.40
5      7-16644    47.30    64.30 6/2/97 46.503 64.305 10/2/97 280 Esperanza I 4 39.70 9.93
6      7-16801    47.30    64.30 6/2/97 47.025 64.250 12/2/97 240 Esperanza I 6 27.71 4.62
7      7-13649    45.30 60.15 25/1/97 45.340 60.320 26/1/97 203 Chang Bo Go I 1 12.56      12.56
8      7-7050      46.30    61.45 15/1/97 46.430 62.590 04/2/97 188 Chang Bo Go I 20 52.47 2.62
9      7-16302    47.30    64.30 6/2/97 47.110 64.222 12/2/97 249 Chang Bo Go I 6 19.72 3.29
10    7-16798    47.30    64.30 6/2/97 47.110 64.220 12/2/97 236 Chang Bo Go I 6 19.76 3.29
11    7-8659      46.00 60.45 17/1/97 45.599 60.445 29/1/97 300   210 Fueguino I 12 0.36 0.03
12    7-6194      46.30    63.00 15/1/97 46.473 63.277 03/2/97 140           Fueguino I 19 25.71 1.35
13    7-16228    47.30    64.30 6/2/97 47.100 64.220 12/2/97 Illex I 6 20.72 3.45
14    7-16828    47.30    64.30 6/2/97 47.100 64.220 12/2/97 Illex I 6 20.72 3.45
15    7-17556    47.30 63.30 7/2/97 47.000 64.050 15/2/97 Illex I 8 38.27 4.78
16    7-17616    47.30 63.30 7/2/97 47.000 64.050 15/2/97 Illex I 8 38.27 4.78
17    7-17905    47.30 63.30 7/2/97 46.536 63.543 15/2/97 240 Toba Maru 8 38.24 4.78
18    7-17120    47.30 63.30 7/2/97 46.556 63.546 16/2/97 220   180 Toba Maru 9 38.24 4.25
19    7-12117    45.30 62.30 22/1/97 45.460 62.230 28/1/97 163 Leal 6 16.73 2.79
20    7-18324    47.30 62.30 8/2/97 46.350 63.250 21/2/97 210 Estrella 8   13 66.56 5.12
21    7-475        47.30 63.30 9/1/97 47.120 63.362 15/2/97 220   216 Paradanta I 37 18.48 0.50
22    7-19730    47.30 61.30 9/2/97 45.100 60.050 24/2/97 200 Beatriz Nores 15           151.80      10.12
23    7-2691      47.00    61.00 11/1/97 46.110 60.430 17/1/97 Nikko Maru 21 6 50.37 8.40
24    7-8751      46.00 60.45 17/1/97 46.060 60.440 20/1/97 Ryoun Maru 16 3 6.04 2.01
25    7-9041      46.00 60.45 17/1/97 46.070 60.470 05/2/97 Kaiyo Maru 30 19 7.14 0.38
26    7-20335    46.30 61.30 10/2/97 46.050 60.420 13/2/97 Hamayoshi Maru 68 3             41.53      13.84
27    7-20034    46.30 61.30 10/2/97 46.090 60.430 15/2/97 Hamayoshi Maru 68 5             38.66 7.73
28    7-20281    46.30 61.30 10/2/97 46.170 60.510 15/2/97 Hamayoshi Maru 68 5             29.88 5.98
29    7-7668      46.30 60.45 16/1/97 46.310 60.480 18/2/97 Yuko Maru 88 33 2.29 0.07
30    7-16750    47.30 64.30 6/2/97 47.280 64.250 07/2/97 222  Reyes del Mar II 1 3.52 3.52
31    7-29198    40.30 57.30 23/2/97 38.360 55.280 31/3/97 Tong Young 57 36           147.80 4.11
32    7-18033    47.30 62.30 8/2/97 46.550 63.280 23/2/97 220 Illex I 15             52.70 3.51
33    7-16343    47.30 64.30 6/2/97 47.220 60.590 21/3/97 Latina 8 43           142.95 3.32
34    7-17878    47.30 63.30 7/2/97 46.470 63.230 19/2/97 San Lucas I 12 43.26 3.61
35    7-18643    47.30 62.30 8/2/97 46.473 63.190 22/2/97 San Lucas I 14 54.17 3.87
36    7-18047    47.30 62.30 8/2/97 46.473 63.190 22/2/97 San Lucas I 14 54.17 3.87
37    7-17876    47.30 63.30 7/2/97 46.570 63.340 24/2/97 San Lucas I 17 33.11 1.95
38    7-16580    47.30 64.30 6/2/97 46.590 63.470 25/2/97 San Lucas I 19 42.58 2.24
39    7-17679    47.30 63.30 7/2/97 46.590 63.470 25/2/97 San Lucas I 18 33.08 1.84
40    7-2006-     47.00 61.00 11/1/97 46.520 64.080 15/3/97 San Lucas I 63           128.62 2.04
41    7-17948    47.30 63.30 7/2/97 46.520 64.080 15/3/97 San Lucas I 36 45.95 1.28
42    7-18573    47.30 62.30 8/2/97 41.510 57.570 30/3/97 226 Hotaka Maru 50           390.65 7.81
43    7-2426      47.00 61.00 11/1/97 46.190 62.540 28/1/97 230 Dalian II 17 88.33 5.20
44    7-11157    46.00 64.00 20/1/97 46.200 62.400 30/1/97 260 Pesca Vaqueiro 10 58.90 5.89
45    7-16544    47.30 64.30 6/2/97 45.130 60.030 22/3/97 Julio Portela (Spain) 44           229.62 5.22
46    7-16628    47.30 64.30 6/2/97 45.250 60.250 19/1/97 Asudepes I -18           210.02     -11.67
47    7-17970    47.30 63.30 7/2/97 43.170 60.170 30/6/97 Bae Fu 6 143           295.33 2.07
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Table 5. Thysanoteuthis rhombus (diamondback squid). Location of the catches.
Tabla 5. Thysanoteuthis rhombus (calamar rombo). Localización de las capturas.

Station Latitude Longitude Fishing ML
number (°S) (°W) depth (m)            (cm)

89 34°30' 47°00' 100 70
92 34°30' 44°00' 60 59
94 33°30' 43°00' unknown 50
95 33°30' 44°00' unknown 52
96 33°30' 45°00' 100 38.5
97 33°30' 46°00' unknown 69.7
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Figure 1. Illex argentinus. Location of the survey stations (1-87) and sections (I-XVI).
Figura 1. Illex argentinus. Localización de las estaciones (1-87) y transectas (I-XVI) desarrolladas
durante el crucero.

Figure 2. Ommastrephes bartrami. Location of the survey stations (88-98).
Figura 2. Ommastrephes bartrami. Localización de las estaciones (88-98) desarrolladas durante el
crucero.
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Figure 3. Surface distribution of temperature in the two legs of the cruise Shinko Maru III.
Figura 3. Distribución horizontal de la temperatura de la superficie en las dos etapas del crucero
Shinko Maru III.

Figure 4. Bottom distribution of temperature in the cruise Shinko Maru III.
Figura 4. Distribución horizontal de la temperatura del fondo durante el crucero Shinko Maru III.
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Figure 5. Surface and bottom distribution of salinity in the cruise Shinko Maru III.
Figura 5. Distribución horizontal de la salinidad de la superficie y del fondo durante el crucero Shinko
Maru III.
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Figure 6. Vertical distribution of temperature in selected sections of the cruise Shinko Maru III.
Figura 6. Distribución vertical de la temperatura en las transectas más representativas del crucero
Shinko Maru III.
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Figure 6. Continued.
Figura 6. Continuación.



25BRUNETTI ET AL.: JAMARC-INIDEP 1997 JOINT RESEARCH CRUISE ON ILLEX ARGENTINUS

Figure 7. Vertical distribution of temperature in sections IV - X from the first leg and VIII - XII from
the second leg of the cruise Shinko Maru III.
Figura 7. Distribución vertical de la temperatura en las transectas IV -X de la primera etapa y VIII -
XII de la segunda etapa del crucero Shinko Maru III.
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Figure 8. Vertical distribution of salinity in two selected sections of cruise Shinko Maru III.
Figura 8. Distribución vertical de la salinidad en las dos transectas más representativas del crucero
Shinko Maru III.
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Figure 9. Illex argentinus. Distribution of cpue and surface temperature (°C) during both legs.
Figura 9. Illex argentinus. Distribución de la cpue y de la temperatura de superficie (°C) en ambas eta-
pas.
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Figure 10. Leg I. Males. Length and maturity stage frequency distribution by station.
Figura 10. Etapa I. Machos. Distribución de frecuencias de tallas y estadios de madurez por estación.
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Figure 11. Leg I. Females. Length and maturity stage frequency distribution by station.
Figura 11. Etapa I. Hembras. Distribución de frecuencias de tallas y estadios de madurez por estación.
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Figure 12. Leg II. Males. Length and maturity stage frequency distribution by station.
Figura 12. Etapa II. Machos. Distribución de frecuencias de tallas y estadios de madurez por estación.
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Figure 13. Leg II. Females. Length and maturity stage frequency distribution by station.
Figura 13. Etapa II. Hembras. Distribución de frecuencias de tallas y estadios de madurez por
estación.
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Figure 14. Leg II. Sections X to XVI. Maturity stage frequency distribution by sex and station and sur-
face temperature at each station.
Figura 14. Etapa II. Transectas X a XVI. Distribución de frecuencias de estadios de madurez por sexo
y estación y temperatura de superficie de cada estación.
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Figure 15. Hatching month frequency distribution by sex and total.
Figura 15. Distribución de frecuencias de los meses de nacimiento por sexo y total.
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Figure 16. Leg II. Sections X to XVI. Hatching month frequency distribution by sex and station (1 to
8: January to August; white: males, black: females).
Figura 16. Etapa II. Transectas X a XVI. Distribución de frecuencias de los meses de nacimiento por
sexo y estación (1 a 8: enero a agosto; blanco: machos, negro: hembras).
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Figure 17. Leg II. Distribution of squid across maturity stages by month of hatching for each sex.
Figura 17. Etapa II. Distribución porcentual de los meses de nacimiento de los calamares por estadio
de madurez en ambos sexos.

Figure 18. Ommastrephes bartrami. Distribution of cpue by station.
Figura 18. Ommastrephes bartrami. Distribución de la cpue por estación.
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Figure 19. Ommastrephes bartrami. Length and maturity stage frequency distribution by sex and station.
Figura 19. Ommastrephes bartrami. Distribución de frecuencias de tallas y estadios de madurez por
sexo y estación.

MALES FEMALES
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