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Food and feeding of the short-finned squid /llex argentinus
[Cephalopoda: Ommastrephidae) off southern Brazil
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Abhstract

Dot and feeding habits of ihe short-linned squid Mex argentinus were swidied from the analysis of 729 stomachs of
Juventles, subadults and adults caught wailh rawls on the continental shell and slope ofl southern Bravil (26735 8-34°31'S)
from 15951 1o 1992, Food. in different degrees of digestion, was found in 363 stomachys (49.8%:), Feeding activity nccurred at
day and mght and scemed (o be mostntense al dusk and carly night, The proportion of stomachs with food jnercased with
stze und sexual matority. Fish occurred in 42.8%. cephalopods in 27 3% and crustaceans in 18.7% of ihe stontachs wilh
tood. ldentificd prey included the fish Diaphus dumerilii, Mawrolicus muefleri and Merfuccius frubbsi. the cephalopods
argentinus, Lolige sunpasdensis. Spirada spirnda. Senirossia teneru and Fledone gaurha and the crustaccans Oneaeq medic
and Enpheusic sp. The occurrence of fish increased with squid size, but both cephalopods and crustaceans were caualty
important for all sizes. Cunnibalism was ebserved at afl sizes. The overull low proportion of stomachs with lood, the high
rate of canmbalisim und the low frequency of occurtence of crustaceans for the juveniles and subadults in wll scusons, bui
purticularly 1n the summer and avumn, may refiecl a imited availability of food in the region. If this is truc, the main
nutsery erounds for the spawners off southern Brast arc Ikely to he off the Rio de La Plaw Fromt or 0 the offshore
confluence beiween the Brazil and Malvinas Currents, where primary und sccondary neoduction i higher than oit” southern
Brasi. € 1997 Elsevier Scicnes BV,

Keyweords, Cephalopoda, Sguids: Mlex orgensngs: Lacding: Brual: Southwestern Allantic

1. Introduction

The short-linmed squmd  lex argentinny s dis-
trtbuted in the southwestern Atlantic Ocean (Roper
ctoal, 1984) (FFig. 1) and bhas supported the most
important squid fishery 1 the world in recent vears
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(FAG, 1995). Most of the information available on
this spectes refers to the southern range of its distri-
bution, where this squid is exploited (reviewed hy
Haimovici et al. in press). In southern Brazil, no
commercial Nishery for the short-finned squid has
developed, but this species is frequently found in the
stomach contents of both demersal and pelagic fishes
of the upper slope and adjacent occunic walers
(Zavala-Camin, 1981: Sanios, 1992} and lurge
catches have been taken occasionally in bottom trawl
surveys {Yesaki et al., 1976; Haimovici and Pcrez,

1950).
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Fig. 1. Mup showmg the distribution range of 7. argentingg and the area where the short-finned squids were sampled off southern Brazil.

Despite the lack of 4 commercial fishery turdeting
L. argentinus in southern Brazil, samples of juvgniles
and adults [rom incidental catches were obthined
from bottom and midwater trawl surveys and
ton surveys, between 1980 and 1992, These s
allowed the siudy of the distribution and feedi
paralarvae {(Hammovici et al., 1995; Vidal| and
Haimovici, in press), distribution of juvenil
adults (Haimovici and Perez, 1990), reprodution
(Santos and Haimovici, 1997), predation | and
helminth parasites of the digestive tract {Santod and
Haimovici, unpublished data). The comparisdn of
several aspects of the life cycle and populatiof dy-
namics of I argentinus from different regions|sug-
gesled that offspring produced off southern Hrazil

coutribute to recruitment to the south off Uruguay
and Argentina. 1. argentinus is known to spawn in
winter and spring along the western boundary of the
Brazil-Malvinas (Falklands) Currents confluence
(Haimovici et al., in press). Despite the presence of
spawners and the large number of rhyvnchoteuthion
paralarvae caught in plankton surveys in winter and
spring off southern Brazil, juveniles were not corre-
spondingly abundant in the (oliowing months. We
hypothesise that the availability of food in the warm
waters of the Brazil Current in southern Brazil is
insufficient to sustain large numbers of fast growing
organisms, such as ommastrephid squids, and may
force young squids to migrate to colder waters of
higher productivity. A similar pattern is found in the
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northwestern Atlantic with 1 iflecebrosusd for which
highest abundance occurs at highest latitdes associ-
ated with highly productive cold watek Currents
{Hatanaka et al., 1985: O'Dor and B: ch, 1985;
Dawe and Brodziak, in press). To test this hypothe-
sis, the diet and [eeding of juveniles (o adults short-
tinned squids in different seasons from scuihern
Brazil were studicd and compared with those from
Argentina investigated by Koronkiewicz {1986) and
Ivanovic and Brunetti (1994). Thus. thif paper is
aimed at improving our understanding of the trophic
relations of £ argentinus in southern PBrazil and
explains somc aspects of its distribution phttern.

2. Materials and methods

Squids were caught on the shelf and upper slope
off southern Brazil between the latitudes ¢f 26°35'S
and 34°31'S (Fig. 1) in bottom and peljgic trawl
surveys by the R /V “Atlantico Sul” and ffom occa-
sional catches by commercial trawlers off Rio Grande
da Sul, from 1981 to 1992. The samples were either
trozen or fixed in saline solution of formdlin (10%)
neutralised with borax and then prescrved |n ethanol
(70%).

Analysis of squid specimens included determing-
tion ot dorsal mantle length (ML, mm) |and total
weight (TW, g). Sex and maturity stage |were as-
signed following the 8 stage scale of Brunelti (1990).
Stages were subsequently grouped into Fnmature,
maturing, fully mature and spent.

Stomachs were examined for food contept and the
degree of digestion was recorded based dn a four
stagc scale varying from undigested (1) o milky,
telly digested food (4). Bony fishes were ¢ cognised
from scales, vertebrac, spines, other bony fragments
and otoliths and identificd to the lower| possible
taxon. Total lengths (TL) of fishes idedtificd to
species were estimated from otolith lenkth—total
length relationships from a regional refereude coliec-
tion ol otoliths available at our iaboratory. Hecognis-
able remains of cephalopods in stomachs hncluded
beaks, gladii, lenses, suckers, hooks, rerhains of
mantle, arms and tentacles. Identification (d species
was usually based on beaks, and when possible,
mantle iengths (ML) of cephalopod prey wlere esti-
mated from beak rostral length—manile ien sth rela-

tionships from a regional reference collection of
beaks available also at our laboratory. Crustaceans
were recognised from remains of cxoskeletons, ap-
pendages and cyes.

Diel changes in feeding intensily were analysed
by comparing the rates between the numbers of
stomachs with relatively undigested versus digested
tood and the occurrence of empty stomachs versus
stomachs containing food. The samples were grouped
into 4 b intervals between 0600 h and 0200 h.

Stomach content analysis was based in the rela-
tive frequency of occurrence {FO = Ni/No), where
N1 is the number of stomachs with one type of prey
and Nt is the total number of stomachs with an y kind
of content and compared betwcen size groups or
seasons using y* test. Comparisons of occurrence
of prey items in stomachs or of stomachs with and
without food have inherent limitations (Hyshop,
1980}, particularly for cephalopods which mince their
prey and frequently discard hard parts useful Tor
identification. This approach may lead to an undercs-
timate of fish because the volume of in gested food is
not considered and because small pieces of hard
parts of squid and crustaceans are more likely to be
recognised for longer time after ingestion than mus-
cular tissue of fish. Unfortunatcly there are no simple
alternative approaches and this method is the usual
choice for squid feeding studies in nature {Breiby
and Jabling, 1985: Ivanavic and Brunetti, 1994;
Collins et 4l., 1994; Rocha et al., 1994).

3. Results
3.1. Feeding intensity and diet

From a twtal of 729 squids of 37 10 356 mm ML
examined, 363 (49.8%) had food in their stomachs.
The percentage of stomachs with food was s1gnifi-
cantly higher for females (58.2%) than for males
(49.4%) (x2,=5.41; P=0.020).The prey cate-
gories found were fishes, which occurred in 43 8%
of stormachs, cephalopods in 27.5%. crustaceans in
18.7% and unidentified digested food in 27.8% of
the stomachs with food (Table 1). A single type of
prey (fish, cephalopod or crustacean) was present in
78.6% of the stomachs with identifiable contents,
17.9% contained two and in 3.4% (here werc the
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Fhru recogn .-.lhl.L Vpes s rso - Colg season -
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( x_.= 183 P=10401) thus, data of buth sekes 200 -
were pooled for further analvsis. —
(Moliths were rure. probably hecause when squd
: ) . 100
(ed on lishes, except small ones. they discarded ghe
head {Breiby und Jobling. 1985), Otwlith from ohly 50
three fish prev spectes were found and wdenuficd|as: N I .
Merluecius hubbsi. Maurilicis muelleri and  La- E E’
T > 250 - ;
phus dumerilii (Table 1), Z Warm season oy
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{Table 1).
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Fig. 3. Mantle tength disinbuton ot all £ areewnnuay sampled in
the cold season (ghove) and i the wartn season thelow), White:
total number. Black: number with stomachs containing  food.
Lines indaicate the percentage of stomachs with tond.
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Fig. 4. Percentage occurrence of stomachs withl food for L
argentings assigned to sive groups smaller vs. larger]than 170 mm
ML, in the cold and in the warm seasons.

the lowest at dusk and night (1300-02D0 h)} with
significant differences among time intervgl { 2, =
28.23; P <0.001). It was concluded that feeding
occurs at all times but most frequently & dusk and
early night,

3.2. Effect of predator size, maturity and [feason

The mantle length composition and tle numbers
of squids with food 1n their stomachs in the cold
season (late autumn to early spring) and [warm sea-
son (late spring to early autumn) are shown in Fig. 3.
Note that smallest squid ( < 150 mm ML)|were most
prevalent m the sample from the walm season
whereas largest squid (= 250 mm ML) [were most
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Fig. 6. Percentage of males (white) and females (black} 7. argenri-
nis at differcnt maturity stages, with food in their stomachs. Lines
indicate 953% confidecnce intervals, the numbers above the bars
indicate the number of squids analysed.

prevalent i the sample from the cold season when
large spawners are present in the region. Frequency
of occwrrence of stomachs with food was compared
between squids smaller vs, larger than 170 mm ML,
in the cold and warm seasons (Fig. 4). Squids smalier
than 170 mm ML had food in 30.4% of stomachs
with no significant differences between seasons in
their percentages { x, =, = 1.908; P = 0.167). Squid
larger than 170 mm ML had food in 69.6% of
stomachs and also did not show differences between
seasons { y,2; = 1.936; P =0.164). The percentage
of stomachs with food in the larger size group was
significantly higher in both the cold and warmn sea-
sons ( y_, =28.58; P<0.001 and XL, =2257;
P < 0.001, respectively),

ML =170 mm

B0

Cold segson

Warm season

Fig. 5. Percentage occurrence of prey items in the sufmach contents of £ argentinus smaller and larger than 170 mm ML in the cold and in
the warm scasons ol southern Brazil {26°8—34°S). (f = number of stomachs with food exumined).
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Fig. 7. The relative frequency of occwrrence of fish, cephal
and crustaccans in different mantle tength classes of i argerfinus
(n = 363) off southern Brazil {26°5—34°S).

Frequencies ol occurrence of fish, cephatogods
and crustaceans in the stomach contents for I |ar-
gentinus smaller and larger than 170 mm ML «ere
calculaied for different seasons (Fig. 5). Angpong
squids smaller than 170 mm ML, crustaceans were
more frequent in the cold season { y, o, = 9.42;
0.05) while the percentages of cephalopods and [fish
did not differ significantly between seasons { 2|, =
263, P=0.104 and x> K =2.03; P=0.154,|re-
spectively). Among squids larger than 170 mm ML,
crustaceans and Nsh were more frequent in the ¢old

Santos, M. Haimovidi / Fisheries Research 33 (1997) {39- 147

season ( 2, =99 and y_, = 10.6; P <001, re-
spectively) while cephalopods did not differ between
seasons { x.o, = 2.33; P =0.126). However, the re-
sulis are not conclusive due to the great differences
observed 1in occurrence of the unidentified digested
food between seasons In the two squid size groups.

Both sexes appeared to feed during and after
spawning, as the proportion of stomachs with con-
tents increased consistently with maturity stage (Fig.
6).

The proportions of fish. cephalopods and crus-
laceans n the diet by predator size are shown in Fig.
7. The occurrence of fish increased regularly wilh
size { x2 o = 52.8; P < 0.001). No significant differ-
ences among size classcs were found for either
cephalopods (x2.=1299;, P=0810) or crus-
taceans ( xf . =11.2; P =0.082),

The relationships between the ML of cephalopods
and TL of fish prcy and the ML of I argentinus arc
shown in Fig. 8. As the points represent only the
prey that could be sized measuring beaks or otoliths,
this figure does not represent an unbiased picture of
the relaucnship between prey and predator sizes.
Fuvenile and subadult I argentinus ( < 206 mm ML)
appear to be cannibalistic on specimens from 19% to
0% of 1ts ML and despite lurger {. argentinus also
are canntbalistic, no information on the sizes was
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Fig. &. Relationships between the size of I argenfinus (ML,

and the size of fish (TL) and cephaloped (ML) prey found in the stomachs.
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Fig. 9. Mantlc length distribution of i argentings fampled on
shelf (30-200 m) and upper slope {200-800 m} off southern
Brazil. (s = total number of stomachs cxamined).

obtained as beaks of I argentinus larger fhan 131
mm ML were not found in the stomachs. Fstimated
total length of ingested fishes ranged from 33 to 108
mm and from 12% to 369% of the ML of /| argenti-
mes larger than 250 mm ML and, aithough smaller
short-finned squid also prey on fish, no miormation
on the sizes was obtained as no otoliths were found
in their stomachs. Squids are known to digcard the
heads and hard parts of larger fish prey,|thus the
ingestion of fishes larger than those shown in the
ficure cannot be ruled out.

3.3. Effect of depth

Smaller squids were cellected mainly from the
shelf (50-200 m) while the larger ones Were col-

B Digested mass

o B0 [ Fish
3 O Cephalopods n=196
® W Crustaceans i “||
= I |”!
= LT [

= 1T
E 40 - n=151 "iﬂdﬂllﬂ
: Ml
o !
= il i
@ 20 -
T
0

Q !

Sheif Slope

Fig. 10. Percentage occurrence of prey items of . arfentinug in
relation o the wial number of stomachs with food exhmined (#)
for shelf (50-206) m) and upper slope (200-800 m) §f southcrn
Brazil (2678 -348).

lected along the upper slope (200-800 m, Fig. 9).
Feeding was sigmficantly more intense n the upper
slope, where 61.2% of the stomachs exammned had
food against 42,9% of those from the shelf ( y°, =
24.79; P < 0.001). With respect to the type of prey
found, fish was more frequent on the upper slope
(x,=157, P<001) while crustaceans and
cephalopods were more frequent on the shelf ( x2,
=7.2; P<0.0l and y,_, = 11.3; P <Q.01, respec-
tively) (Fig. 10).

4. Discussion

Ommastrephids feed almost exclusively on crus-
taccans, fish and cephalopods (Amaratunga, 1983),
and [, argentinus 15 not an exception. The propor-
tions of each of these categories of prey and the
overall perceniage of stomachs with food differ
throughout the distribution range of the species. A
comparison of the relative importance of the major
foed items in different regions of the distribution
range of I argenfinus was possible, despite some
differences 1m the presentation of the results. In
southern Brazil (this study) the occurrence of fishes
increased with predator size from under 20% to over
60%, while the occurrence of crustaceans (10% and
30%) and cephalopods (15%—35%), with a high rate
of cannibalism, remained equally important for all
sizes. In the Rio de La Plata Front and on the
Patagonian shelf, Ivanovic and Brunetti {1894) found
that I argemtinus of all sizes fed primarily on crus-
taceans such as mysids, ecuphausiids, hyperiids
(pooled FO frequently over 80%, for specimens
smalier than 200 mm ML and frequently over 60%
for the larger ones as shown by the authors in Fig.
5), while only the larger specimens fed also on fish
and squid. Koronkiewicz (1986) found that along the
outer Patagonian shelf and slope, decapods, mainly
Munida gregaria, were the main prey for small 1
argentinus and that larper squid fed more intensely
on micronektonic fishes and cephalopods, the latter
including members of the same species.

Off Uroguay and Argentina, pelagic crustuceans
occur In dense swarms and are easier (o catch than
fast swimming prey such as fish, thus it seems that in
the southern range of distribution of the species,
crustaceans were maore available. In fact, the zoo-
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plankton availability along the Argentimean phell,
where juveniles and subadult I argentinus tepd, 18
comparable to other regions of the world of] mgh
plankton production (Carreto et al., 1981) and Higher
than in southern Brazil (Hubold, 1980a,b).
The percentages of cephalopods, found i
work, were comparable to those found by Ivapovic
and DBrunettd (1994) off northern Argenting and
Uruguay, in the winter and spring samples, but figher
than those observed 1n summer and autumn. Tr] con-
trast, on the Patagonian shelf and slope, cephalppods
were absent from the diet of 1. argentings undgr 180
mm ML and did not exceed 20% for the |arger
specimens, which suggested that there were low| rates
of cannibalism among subadults on the fepding
grounds, before the reproductive migration (
kiewicz, 1986; Tvanovic and Brunetti, 1994),

energy transier Irom smaller to larger spec
(Amaratunga, 1983; O'Dor and Wells, 1987).
balism by large specimens was also observ
southern Brazil. In this region, juveniles| and

larger juveniles and subadulis as their spatial
buticns overlap along the narrow shelf bre:

ing short-finned squid observed in southemn
was also observed by Ivanovic and Brunetti (

the western boundary of the Brazil Current, alonk the

ici / Fisheries Research 33 (19971 139— 147

slope of sowthern Brazil from July to November
{Haimovici and Perez, 1990; Santos and Haimovici,
1997).

A gradient of increasing body size of [ argenti-
nus with depth was observed. in all seasons, by
Haimovici and Perez (1990). Juveniles, which occur
mostly on the outer shell, feed less intensely than
subadults and adults that occuwr mostly along the
upper slope. The distribution of juvenile or adult
sguids n southern Brazil does not overlap wiih the
most gbundant neritic forage fish in the region, the
anchovy Engraulis ancheita, which is abundant in
winter on the inner shelf (Lima and Castello, 1995).
Main fish prey species of 1. argentinus in this study
were juvenile  Merluccius  hubbsi and  small
mesopelagic fishes that occur on the upper slope of
the region (Haimovici et al., 1994).

The direct observation of diel vertical migrations
ol I. argentinus (Moiseev, 1991), the observation of
relatively undigested food in stomachs throughout
the day and the presence of both demersal and
pelagic prey in the diet, suggest that this squid
forages ihroughout the water column following its
prey to the upper lavers at dusk and early night.

The averall low proportion of stomachs with food,
the high rate of cannibalism and the low frequency
ol occurrence of crustaceans for the juveniles and
subadults in all seasons, but particularly in the sum-
mer and autumn, reflect u limited availability of food
in the region. This unfavourable fceding environment
and the demonstraicd low abundance of juvenile I
argentinus In the warm months in southern Brazil
supports the hypothesis that egg masses and paralar-
vac spawned oll southern Brazil in winter—spring are
probably carried southward by the Brazil Current
(Haimovici et al., 1995) and main nursery grounds
for these squids are likely to be off the Rio de La
Plata Front or in the offshore confluence belween the
Brazil and Malvinas Currents, where primary and
secondary production is higher than off southern
Brazil (Hubold, 1980a.b) and thereby [ood for post-
hatchlings #s more available.

A simiiar scenario probably exists in the north-
western Atlantic Ocean, where I illecebrosus, as 1
argentinus, 18 associated with a western boundary
current system. Peak spawning occurs south of Cape
Hatlteras in winter—spring and the egg masscs are
transported north to more productive waters by the
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Gulf Stream (O'Dor and Balch, 1985; Blac
1987).
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