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RESUMEN

Composición de la dieta del calamar rojo (Ommastrephes bartramii) en el Atlántico Sudoccidental. La dieta del
calamar rojo (Ommastrephes bartramii) durante el otoño de 2001 y 2002 en la región del Atlántico Sudoccidental frente
a Argentina y Uruguay (33° S-42° S; 46° W-55° W) se compuso esencialmente de peces (55-68%), seguidos por calamares
(32-37%) y zooplancton (8%, solo en 2001). Alrededor del 60% de los peces consumidos se identificaron como mictófidos
correspondientes a cinco géneros y siete especies, entre las cuales Hygophum hygomii fue la más frecuente (24-34%). La
identificación de los calamares consumidos alcanzó el 20% en 2001 y el 80% en 2002 y la única especie identificada fue
el propio O. bartramii, lo que implicó porcentajes de canibalismo del 5,6% y 25,8% para cada año. En el rango de tallas
analizado, 141-443 mm de largo de manto (LM), el consumo de peces y calamares no mostró ninguna relación con el
tamaño del predador. En 2001 la presencia de zooplancton se restringió a individuos de menos de 300 mm LM. La
diversidad de la dieta fue baja y los estómagos con un solo tipo de presa predominaron ambos años (59% en 2001, 92% en
2002).

SUMMARY

The diet of red squid (Ommastrephes bartramii) during autumn 2001 and 2002 in the Southwest Atlantic region off
Argentina and Uruguay (33° S-42° S; 46° W-55° W) was composed mainly of fish (55-68%), followed by squid (32-37%)
and zooplankton (8% only in 2001). Around 60% of the fish eaten was identified as myctophids and corresponded to five
genera and seven species, with higher frequency of Hygophum hygomii (24-34%). The identification of squids consumed
reached 20% in 2001 and 80% in 2002 and the only species identified was O. bartramii, which implies percentages of
cannibalism of 5.6% and 25.8% each year. For the range analyzed, 141-443 mm of mantle length (ML), the consumption
of fish and squid did not show any relation to the size of predator. In 2001 the presence of zooplankton was restricted to
individuals smaller than 300 mm ML. The diversity of diet was low and stomachs with a single type of prey predominated
both years (59% in 2001, 92% in 2002).
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INTRODUCTION

Red squid Ommastrephes bartramii
(LeSueur, 1821) is the only ommastrephid squid with
distribution in temperate and subtropical waters
worldwide and one of the most valuable oceanic
cephalopod resources (Roper et al., 1984; Nesis,
1987). It is considered one of the largest squid spe-
cies under exploitation, specially in the North Pa-
cific region where it is commonly known as neon
flying squid, intensively harvested by the Far East
countries since the mid seventies (Osako and
Murata, 1983; Murata and Nakamura, 1998). As a
consequence, the bulk of knowledge of the species
comes from that area where it commonly attains
maximum sizes of around 60 cm of mantle length
(ML) (Yatsu et al., 1998) even though the largest
record was 76 cm ML (Zuev et al., 1975, cited in
Okutani, 1998). In the Southwest Atlantic region
red squid distributes from 27° S to 45° S-48° S (Zuev
et al., 1976). The scarce literature on the distribu-
tion and biological characteristics of the species in
the area, where it is not commercially fished, was
summarized by Dunning (1998) who, based on the
available information and, specially, on the reports
by Leta (1986, 1989), stated that commercially ex-
ploitable resources could exist in the region.

Squids of large sizes, specially ommastrephids,
usually stand at a high trophic level in the ocean
(Okutani, 1998). This is the case of O. bartramii in
the North Pacific (Araya, 1983; Murata, 1990;
Pearcy, 1991; Seki, 1993) and it seems to be the
same in the Southwest Pacific and Southwest At-
lantic regions (Dunning and Brandt, 1985; Lipinski
and Linkowski, 1988).

Under a joint research programme accorded
by the Japan Marine Fishery Resources Research
Center (JAMARC) and the National Institute for
Fisheries Research and Development of Argentina
(INIDEP), six exploratory cruises were carried out
to obtain information on the distribution and relative
abundance of O. bartramii in the region off Ar-
gentina and Uruguay during late summer and au-

tumn of the 1997-2002 period (Brunetti and
Ivanovic, 2004). In this paper, the diet for 2001 and
2002 cruises was analyzed.

MATERIALS AND METHODS

Squids were collected during two exploratory
cruises carried out on board of the Japanese RV
“Shinko Maru N° 3” in the area between 33° S-42° S
and 46° W-55° W during April and May 2001 and
2002, respectively (Figure 1). Detailed information
on the characteristics of the vessel and cruises is
provided in Brunetti and Ivanovic (2004).

A total of 20 jigging stations were per-
formed during the 2001 cruise and 32 during the
2002 survey. As a general rule, two jigging stations
of about 4 hours duration were performed per night,
between 07:00-12:00 p.m. and 00:01-07:00 a.m.
Depth of jigging ranged between 160 and 180 m.

Up to 150 individuals per station were
sampled on board to obtain mantle length (ML, mm),
sex, maturity stage and stomach repletion degree
(SR, four point scale; Ivanovic, 2000) (Ochi et al.,
2000; 2001). Thus, 1,575 individuals were sampled
in 2001 and 1,804 in 2002. Besides, up to 10 indi-
viduals from each fishing station were frozen for
further studies on land. Total weight (TW, g) and
stomach weight (SW, g) of each squid were mea-
sured to consider only feeding behaviour. All stom-
achs that contained food (SR between 1 and 3) were
dissected and their contents analyzed under binocular
microscope to identify the preys to the lowest pos-
sible taxonomic level. Therefore, 73 stomach con-
tents were analyzed in 2001 and 25 in 2002. When
possible, preys were counted and measured. The
identification of most fish could be done from the
otoliths while that of squid, based on beaks and frag-
ments of arms and tentacles, was more difficult due
to the high level of fragmentation and digestion of
the stomach contents. For the same reason, no iden-
tification of crustaceans could be achieved.

Analysis of the diet in relation to squid size
was performed using the percentage occurrence
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Figure 1. Location of the fishing stations performed on board of the RV “Shinko Maru N° 3” during 2001 and 2002 and type of
biological sampling corresponding to each one.

Figura 1. Localización de las estaciones de pesca realizadas a bordo del BI “Shinko Maru N° 3” durante 2001 y 2002 y tipo de
muestreo biológico correspondiente a cada una.

index (Hyslop, 1980; Breiby and Jobling, 1985).
Percentage occurrence (PO) of a given prey is the
proportion of the total number of that prey eaten by

the squid: PO = (A / N) * 100, where A is the num-
ber of stomachs containing prey “a” and N the to-
tal number of stomachs with food.

RESULTS AND DISCUSSION

Nightly variation in feeding

Results obtained in both cruises showed that
the proportion of empty stomachs was never higher
than 25%, which confirms that red squid does feed
during the night (Figure 2). Percentages were around
6% higher in the 00:01-07:00 a.m. interval both
years. Finally, when years were compared, the per-

centage of stomachs with no food was around 7%
higher in 2002. When analyzing samples of O.
bartramii from the same region, Lipinski and
Linkowski (1988) observed that squid fed at night
and that the frequency of occurrence of empty
stomachs was lower than 10%. Much literature
on red squid distributed in the North Pacific re-
gion reports that feeding takes place at night and
that it could be the main reason for the upward
nightly migration of the animals that follow the
displacement of preys (Murata and Nakamura,
1998).
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The weight of the stomach in relation to body
weight showed a similar pattern during both years
(Figure 3). Over 40% of the individuals examined had
an index lower than 0.5 while less than 20% showed
indices higher than 1. Tung (1981, cited in Murata,
1990) reported a proportion of stomach contents to
body weight of less than 0.5 in 81% of the squid caught
at night in the Northwest Pacific region. On the con-
trary, Shevtsov (1972, cited in Murata, 1990) showed
that the rate was higher than 1 in over 30% of the
individuals trawled during the day, endorsing the idea
that the species would feed mainly in daylight.

The available data analyzed did not provide in-
formation on the light period (07:00 a.m.-07:00 p.m.)
but the increment of empty stomachs after midnight,
together with the preponderance of low indices of stom-
ach weight in relation to body weight, suggest that
daily feeding could start before dusk.

Figure 2. Percentage distribution of empty stomachs before
and after midnight during 2001 and 2002.

Figura 2. Distribución porcentual de estómagos vacíos antes
y después de medianoche durante 2001 y 2002.

Figure 3. Percentage distribution of the five ranges of  stomach
weight (SW) / body weight (BW) ratios during 2001
and 2002.

Figura 3. Distribución porcentual de los cinco rangos de la
relación peso del estómago (SW) / peso del cuerpo
(BW) durante 2001 y 2002.

Diet

A total of 73 stomach contents correspond-
ing to individuals collected in 14 fishing stations
and 25 corresponding to 7 stations were analyzed
for 2001 and 2002, respectively. Size ranges were
141-408 mm ML (2001) and 200-443 mm ML
(2002).

During 2001 food was identified as belong-
ing to three broad categories: fish, squid and zoop-
lankton but only the two first were found in the
stomachs of the 2002 squid (Table 1; Figure 4).
Both years fish represented over 50% of the to-
tal. Forty percent could not be identified to the
specific level and the remaining 60% was com-
posed almost exclusively of myctophids, of which
seven species were identified from the morphol-
ogy of the otoliths. Hygophum hygomii (Lütken,
1892) was the most frequent item both years,
representing 34% (2001) and 24% (2002) of the
total fish identified. The second fish item
amounted to 15% of the total fish identified and
corresponded to Protomyctophum tenisoni
(Norman, 1930) in 2001 and Gymnoscopelus
nicholsi (Gilbert, 1911) in 2002. The remaining
species represented less than 10% of the total
fish identified. Squid accounted for 37% (2001)
and 32% (2002) of the total food consumed. The
proportion of squid that could not be identified
decreased from 80% in 2001 to 20% in 2002.
The squid identified to the specific level, mainly
from the morphology of the beaks, was O.
bartramii (15% in 2001, 80% in 2002). This
means that cannibalism reached 5.6% in 2001
and 25.8% in 2002. Zooplankton represented 8%
of the total food consumed in 2001 and comprised
amphipods and euphausiids.

The consumption of fish and squid did not show
any trend related to squid size (Figure 5). Fish PO
was never lower than 50% for any size class, while
in the case of squid it was always higher than 20%.
The proportion of zooplankton in the diet did clearly
decrease with squid size during 2001 and in 2002 it
was totally absent. It is noteworthy that the squid
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Preys N° of squids with each prey

2001 2002

Class Cephalopoda
Superorder Decapodiformes 31 2
Order Oegopsida 2
Family Ommastrephidae
Ommastrephes bartramii 6 8

Class Osteichthyes 21 5
Family Myctophidae
Diaphus meadi 1 2
Gymnoscopelus bolini 2
Gymnoscopelus nicholsi 2 3
Gymnoscopelus piabilis 1
Hygophum hygomii 20 5
Protomyctophum tenisoni 9 1
Scopelopsis multipunctatus 1
Family Paralepididae
Lestidiops similis 1
No identified species
Otolith type A 1
Otolith type B 1
Otolith type C 1
Otolith type D 3

Class Crustacea
Order Amphipoda
Suborder Hyperiidea 3
Order Euphausiacea 6

Miscellaneous
Class Gastropoda
Order Thecosomata
Limacina sp. 1

N° of squids analyzed 73 25

Table 1. List of preys found in the stomachs of Ommastrephes bartramii caught during the 2001 and 2002 surveys and number of
squids that consumed each prey.

Tabla 1. Lista de las presas encontradas en los estómagos de Ommastrephes bartramii capturados en 2001 y 2002 y número de
calamares que consumió cada presa.
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sampled in 2002 was over 20 cm ML and that the
highest percentage of zooplanktonic crustaceans in
the stomachs of the 2001 animals (66.7% PO) oc-
curred at sizes below 20 cm ML. The proportion
decreased dramatically in squid up to 29 cm ML
and no zooplanktonic crustaceans were found in
the diet of squid over 30 cm ML.

Size of preys could be assessed as small
when compared to predator size. Even though
no fine reconstruction of fish sizes could be
achieved due to the lack of relationships between
size of fish and length of otoliths, it is worth men-
tioning that all myctophid species identified have
reported maximum standard lengths (SL) lower
than 161 mm (Smale et al., 1995). The most

common myctophid prey, H. hygomii, has a re-
ported maximum SL of 68 mm. Among squids,
beaks identified as belonging to O. bartramii
corresponded also to individuals much smaller
(90-250 mm ML) than their predators (330-
450 mm ML).

The diversity of diet of red squid sampled
was low. At the most, three different preys were
found in a single stomach in 5% of the squid
analyzed in 2001 (Figure 6). The presence of
one category of prey predominated both years
and it was particularly high in 2002 when it
reached 92%. Fish and squid appeared indis-
tinctly as an only prey; zooplankton was never
found alone.

Figure 4. Composition of total food and that of fish and squid found in the stomachs of Ommastrephes bartramii sampled during the
2001 and 2002 surveys. D.m.: Diaphus meadi; G.b.: Gymnoscopelus bolini; G.n.: Gymnoscopelus nicholsi; G.p.: Gymnoscopelus
piabilis; H.h.: Hygophum hygomii; L.s.: Lestidiops similis; NI: non identified prey; O. bartramii: Ommastrephes bartramii; P.t.:
Protomyctophum tenisoni; S.m.: Scopelopsis multipunctatus.

Figura 4. Composición del alimento total y de los peces y calamares encontrados en los estómagos de Ommastrephes bartramii
provenientes de los muestreos de 2001 y 2002. D.m.: Diaphus meadi; G.b.: Gymnoscopelus bolini; G.n.: Gymnoscopelus
nicholsi; G.p.: Gymnoscopelus piabilis; H.h.: Hygophum hygomii; L.s.: Lestidiops similis; NI: presa no identificada; O. bartramii:
Ommastrephes bartramii; P.t.: Protomyctophum tenisoni; S.m.: Scopelopsis multipunctatus.
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Many authors have observed that pelagic
fishes, mainly myctophids, are the most common
preys for red squid (Araya, 1983; Dunning and
Brandt, 1985; Murata, 1990; Gillespie, 1997) while

Figure 5. Percentage occurrence (PO) of fish, squid and
zooplankton in the diet of Ommastrephes bartramii in
relation to squid  size (ML: mantle length).

Figura 5. Porcentaje de ocurrencia (PO) de peces, calamares
y zooplancton en la dieta de Ommastrephes bartramii
en relación  con la talla del calamar (ML: largo del
manto).

others pointed out that the major component of the
diet is squid, including cannibalism (Nakamura and
Siriraksophon, 1992; Seki, 1993). On the other hand,
coincidences were expressed on the decreasing
consumption of pelagic crustaceans with squid size
(Araya, 1983; Nixon, 1987; Murata, 1990). When
analyzing the diet of squid caught at night in the
Southwest Atlantic area in autumn 1978 (sizes be-
tween 110-430 mm ML) Lipinski and Linkowski
(1988) found that squid was the most common item,
reaching 82% PO, followed by fish (34% PO, mostly
myctophids) and crustaceans (18% PO). They also
reported a high cannibalism PO (14%). Leta (1989),
studying a similar area of the Southwest Atlantic in
winter 1986, found myctophids as the main prey
followed by cannibalism.

For the North Pacific area, Murata (1990)
reported a situation similar to that described here:
predominance of myctophids in the diet and a de-
crease of crustaceans consumption with squid size
with a lower PO that reached 44% in individuals
smaller than 20 cm ML. Seki (1993) also reported
the nonexistence of crustaceans in the diet of large
females (48-57 cm ML) caught north of the Ha-
waiian Archipelago.

Figure 6. Diversity of the diet of Ommastrephes bartramii analyzed as the simultaneous presence of one, two or three different  prey
types in the stomachs.

Figura 6. Diversidad de la dieta de Ommastrephes bartramii analizada como la presencia simultánea de uno, dos o tres tipos de
presa en los estómagos.
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