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TROPHIC RELATIONSHIPS OF THE LONG-FINNED SQUID LOLIGO
SANPAULENSIS ON THE SOUTHERN BRAZILIAN SHELF

R. A. SANTOS* and M. HAIMOVICI*

The diet and predators of !..oligo sanpaulensis (Cephalopoda: Loliginidae) on the southern Brazilian shelf were
studied by examining the stomach contents of 668 long-finned squid (12-184 mm mantle length) caught by bottom
trawl and the stomach contents of 47 potential predators, including stranded penguins and marine mammals as
well as fish and cephalopods caught with diverse fishing gears in the region. Of 313 long-finned squid stomachs
containing food, fish occurred in 36.4% of stomachs, crustaceans in 23.3% and cephalopods in 6.4%. Identified
prey included demersal fish, shrimps and conspecifics. !..oligo sanpaulensis was preyed on by 31 of the 47 potential
predatory species examined. The frequency of occurrence (FO) was high (>20%) in the stomach contents of La
Plata dolphins Pontoporia blainvillei, penguins Spheniscus magellanicus, fur seals Arctocephalus spp., the benthic
shark Mustelus canis and the benthic finfish Astroscopus sexpinosus and Percophis brasiliensis. It was less important
(5-20% FO) for the benthic and demersal fish Helicolenus lahillei, Paralichthys isosceles, P. patagonicus,
Mer/uccius hubbsi and Urophycis mystacea, and of minor importance (2-5% FO) in the diet of the finfish Trichiurus
lepturus, Cynoscion guatucupa, Macrodon ancylodon, Pagrus pagrus and Pomatomus saltatrix. Loligo
sanpaulensis seems to be a link in the pelagic and benthic foodwebs of the southern Brazilian shelf, because it is
preyed on by such high-level predators as marine mammals and penguins, and by several of the most abundant fish
found in the region.

Squid are important components of foodwebs in
most marine ecosystems (Amaratunga 1983, Clarke
1996). They are organisms with a fast metabolic rate
and growth and they play an important role in the
transfer of energy to higher trophic levels (Nixon
1987, O'Dor and Wells 1987). Their role in the
ecosystem is reflected, in part, by their relative impor-
tance in the diet of their predators (Clarke 1987).

The common long-finned squid £Oligo sanpaulensis
Brakoniecki 1984 (Cephalopoda: Loliginidae) occurs
along the east coast of South America between 21 and
400S and is endemic to the region under the influence
of the Subtropical Convergence. It seems to be adapted
to a wider temperature range than the congenerics
L. gahi, which never reach warm waters north of the
subtropical front, and L. plei, which is always found
north of the front (Roper et at. 1984, Haimovici and
Perez 1991a).

Along the coast of southern Brazil between late
autumn and early spring, the shelf is dominated by
cold waters of the coastal branch of the Malvinas Cur-
rent flowing northwards and, from late spring to early
autumn, by warm coastal waters under the influence
of the south-flowing Brazil Current (Garcia 1997). In
this environment, the most abundant squid is £Oligo
sanpaulensis, whereas over the upper slope the domi-
nant squid species is Illex argentinus, with little over-
lapping between the two (Haimovici and Perez

199Ib). In the cooler season, the density of L. san-
paulensis is comparable with congeneric species from
other shelves of the world (Andriguetto and Haimovici
1991) but, because of its relatively small size and
widespread distribution on the shelf, it is not subject to
a directed fishery and is only caught as by-catch by
shrimp trawlers in coastal waters (Haimovici and
Mendon~a 1996).

In this paper, the importance of long-finned squid in
the food web of the southern Brazilian shelf is assessed
on the basis of an analysis of stomach contents of
L. sanpaulensis collected in a series of demersal trawl
surveys and commercial landings and the stomach
contents of potential predators collected from diverse
sources.

MATERIAL AND METHODS

Diet

Squid samples were obtained from bottom trawl
surveys by the R.V. Atlantico Sui and from catches by
commercial trawlers targeting flatfish and shrimp
from the continental shelf of southern Brazil from
1987 to 1996, between 26°50' and 34°31'S and 20
and 84 m (Fig. 1). Stomachs, either frozen or fixed in
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Fig. 1: The southern Brazilian shelf. Circles indicate where sampled Loligo sanpauJensis were collected.
Stippled area indicates where the sampled potential predators were collected
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appendages and eyes.
Stomach content analysis included the determina-

tion of relative frequency of occurrence of prey types
(FO = Np/N,), where Np is the number of stomachs
containing a prey type and N, is the total number of
stomachs with food. These frequencies of grouped
prey types were compared by Chi-squared test. Al-
though comparisons of frequencies of occurrence of
prey items or stomachs with and without food have
inherent limitations (Hyslop 1980), this method is the
usual choice in feeding studies in nature, especially
for cephalopods, which mince their prey (Breiby and
Jobling 1985, Collins et al. 1994, Ivanovic and
Brunetti 1994, Rocha et al. 1994).

Potential predators

Predation on Loligo sanpaulensis was studied from
the presence of beaks or partly digested specimens in
the stomach contents of potential predators from the
study area (Fig. 1). Besides observations by the current
authors, data were obtained from the literature. Predators
included fish and cephalopods caught over the shelf in
fishing surveys with diverse gears, more than 100
penguins (Spheniscus magellanicus) found dead along
the coast, and marine mammals stranded on beaches
along the southern Brazilian coast or from incidental
catches by gillnets in the coastal fishery.

The percentage frequency of occurrence of L. san-
paulensis was calculated for each predator as %FO =
(N/Ne) x 100, where Nt is the number of stomachs
containing long-finned squid and Nc is the total number
of stomachs with food. The numbers of squid in indi-
vidual stomachs were estimated from undigested speci-
mens and from counts of the upper or lower beaks,
whichever were the most numerous. The rostral lengths
of upper (URL) and lower (LRL) beaks were measured
in mm, following Clarke (1986).

To estimate the size of long-finned squid in the
stomach contents, exponential relationships of the
URL and LRL to dorsal mantle length ML and total
mass (TM) were calculated from 75 reference specimens
measuring from 13 to 192 mm and 0.3 to 151.0 g
(Fig. 2). The relevant equations were

ML = 13.546e1.211URL(r = 0.959);

ML = 13.173e1.109LRL(r = 0.958);

TM = 0.3408e2.766URL (r = 0.952);

TM = 0.2768e2659LRL (r = 0.953).

Estimates of the abundance of the main predators of
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Fig. 2: Exponential relationships between mantle length
and beak rostral length and between total mass and
beak rostral length for Lo/igo sanpaulensis from the
southern Brazilian shelf (the relevant equations are

given in text)

10% saline solution of formalin, were examined for
food content. Fish were recognized from skin, scales,
vertebrae, eye lenses, otoliths, spines, rays and bony
fragments. Identification to genus or species and esti-
mation of total length (TL) was mainly from otoliths
by comparison with a reference collection available at
the laboratory ashore. Cephalopods were recognized
from beaks, gladii, suckers, arms, tentacles and the
remains of the mantle. Identification to species was
usually based on beaks and, when possible, dorsal
mantle lengths (ML) of prey were estimated from rela-
tionships between beak rostral length and mantle
length, also based on a reference collection. Crus-
tacean remains were mainly parts of the exoskeletons,



20 40 60 80 100 120 140
Loligo sanpaulensis MANTLE LENGTH (mm)

Fig. 4: Relationships between the size of Loligo
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L. sanpaulensis in southern Brazil were obtained from
two sources: catch per unit effort (cpue) and biomass
estimates from six bottom trawl surveys performed be-
tween 1981 and 1983 (Haimovici et al. 1996) and
commercial landing statistics in the period 1990-1994
(Haimovici et al. 1997).

RESULTS

Diet

From a total of 668 squid of 12-184 rom ML exam-
ined, 313 (46.8%) had food in their stomachs. In the
warmer season (January-early June), most of the
specimens were <60 rom ML WI = 54.1 mm, Fig. 3).
In the cooler season (July-October), specimens up to
120 mm were common WI = 83.1, Fig. 3). Females
had food in their stomachs more frequently (51.2%)
than males (40.8%, X2"~J = 6.93, P = 0.0085). Fish
occurred in 36.4% of stomachs with food, crustaceans
in 23.3%, cephalopods in 6.4% and unidentified
digested food in 38.3% (Table I). A single type of prey
(fish, cephalopod or crustacean) was found in 92.2%
of the stomachs with identifiable remains and a mixed
l.!ojetof only two prey types in the remaining 7.8%. No
significant differences were found in the ~ercentages
of prey categories between the sexes ( X ,,~2= 5.84,
p = 0.0587), so data were pooled over sexes for further
analysis.

The observed high occurrence of empty stomachs

and unidentified digested food was probably at-
tributable to the very high digestion rate (Bidder
1966, Lipinski 1987). Prey identification was very
difficult because squid macerate prey during inges-
tion. Identified bony fish included only Urophycis
brasiliensis, Raneya jluminensis and Symphurus sp.
The cephalopod prey items were all squid, and
included Loligo sanpaulensis with ML of 21.8-48.6 mm
and a single specimen of lllex argentinus of 10 mm
ML. Recognizable crusta-ceans were the shrimps
Artemesia longinaris and Pleoticus muelleri (Table I).
The ML and TL respectively of squid and fish eaten
ranged from 12.5 to 101.1 % of the predator's mantle
length (Fig. 4).

The proportions of fish, cephalopods and crustaceans
in the stomach contents and empty stomachs of differ-
ent size groups of long-finned squid in the warm and
cool seasons are shown in Figure 5. In the warm season
the sizes of fish, cephalopods and crustaceans did not
differ significantly with predator size (respectively
X2~3 = 0.389, P = 0.4367 ; X2,,~3= 0.389, P = 0.9943;
X2"~3 = 6.673, P = 0.97475). Crustaceans were the
main prey of the squid ML range 20-80 mm, with
%FO of 54.5 - 70, whereas fish and crustaceans were
equally important for large squid (%FO = 44.4). In
the cooler season, fish were the most frequent prey
for all sizes of squid, increasing significantly with
size from 16.7 to 46.1% (X2"~3 = 23.6, p = 0.0001).
The proportion of empty stomachs was not signifi-
cantly different among sizes in the cooler season, but
there was a significant difference in the warm season
(X2

"=4 = 24.2, p = 0.0001).
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Fig. 5: Relative frequency of occcurrence of fish,
cephalopods and crustaceans in different ML classes
of Lo/i(Jo sanpau/ensis from (a) the warm (n = 80)
and (b) the cool (n = 233) seasons on the southern
Brazilian shelf. The percentage frequency of occur-

rence of empty stomachs is also indicated

australis, sampled only in winter and spring, also
preyed on small and large squid, but with a dominance
of large ones (ftlL = 96.4 mm). The penguin, which
appears over the southern Brazilian shelf only in the
cooler season, also preyed on small and large squid,
with ML in winter of 71.5 mm and in spring of 86.1 mm.
The common dolphin Delphinus delphis, collected only
in winter, preyed on small specimens WL = 57.5 mm)
as did the demersal fish Trichiurus lepturus f.ML = 54.7
mm) and Paralichthys patagonicus WL= 55.1 mm).

Mean commercial landings, cpues and estimated
abundance of the main fish on the southern Brazilian
shelf that preyed upon L. sanpaulensis are shown in
Table m. Species representing 83.7% of commercial
landings and 70.6% of total catches in bottom trawl
surveys fed to some degree on L. sanpaulensis, but
only 9.4% of commercial landings and 10.7% of total
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Table I: Number of stomachs containing a given prey (n),
percentage frequency of occurrence (%FO) and the
length range of prey items in 313 Lo/igo sanpau/ensis
stomachs with food from the southern Brazilian shelf

Predators

Prey item n %FO
Length range

(mm)

Osteichthyes 114 36.4
Symphurus sp. 1 0.3 50-75
Urophycis brasiliensis 3 1.0 72
RClIleyajlumillellsis 1 0.3 11-90
Unidentified Osteichthyes 109 34.8

Crustacea 73 23.3
Artemesia /ollgillaris II 3.5
P/eoticus muelleri 10 3.2
Unidentified Dendrobranchiata 24 7.7
Unidentified Brachyura 1 0.3
Unidentified Crustacea 27 8.6

Cephalopoda 20 6.4
IIlex argentinus 1 0.3 10
Loligo sallpaulellsis 10 3.2 22-49
Loligo sp. 2 0.6
Unidentified Teuthoidea 7 2.2
Digested, unidentified 120 38.3

The presence of Loligo sanpaulensis in the diet of
47 potential predators was investigated, 35 of them
from stomach contents examined by the authors. The
diet of 31 of the potential predator species included
Loligo sanpaulensis to some extent (Table II).

The %FO of Loligo sanpaulensis was highest
(>20%) in the stomach contents of the La Plata dolphin
Pontoporia blainvillei, the common dolphin Delphinus
delphis, the fur seals Arr:tocephalus australis, A. gauel-
la and A. tropicalis, the penguin Spheniscus magellan-
icus, the benthic shark Mustelus canis and the benthic
fish Astroscopus sexpinosus and Percophis
brasiliensis. Frequencies between 5 and 20% were
found in stomach contents of the benthic finfish Heli-
colenus lahillei, Paralichthys isosceles, P. patagonicus
and Urophycis mystacea, and the demersal-pelagic fish
Merluccius hubbsi. %FO was between 2 and 5% in
the diet of the finfish Cynoscion guatucupa, Macro-
don ancylodon, Pagrus pagrus, Pomatomus saltatrix
and Trichiurus lepturus, species that feed at different
levels of the water column. Cannibalism was rare,
cephalopods identified as Loligo sanpaulensis being
found in just 3.2% of the stomachs examined.

The size distribution of the long-finned squid in the
diet of six predators for which data were available are
shown in Figure 6: La Plata dolphin, found year-
round, preyed on small to large long-finned squid with
ML of 92.7,98.2, 104.0 and 115.9 mm respectively in
winter, spring, autumn and summer. Arctocephalus
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Table II: List of fish, cephalopods, penguins and marine mammals found on the southern Brazilian shelf that preyed on Lolir;o
sanpaulensis. Number of stomachs with food examined and the source of data, the percentage of stomachs With
Loligo sanpaulensis ('IoFO), numbers of squid per stomach, and their mantle length (ML) and total mass (TM) mean and

range are indicated

Number of Loligo sanpaulensis as prey

Predator species stomachs examined Mean and rangeand source of %FO Number
feeding data ML(mm) TM(g)

FISH
Astroscopus sexpinosus 61 33.3 4-5 67.5 (37-93) 15.4 (3.6-30.3)
Conger orbignyanus 156' 0.6 1 30 2.2
Cynoscion guatucupa 2201 2.7 I 61.5 (40-72) 12.2 (4.3-16.7)
Cynoscion jamaicensis 781 1.3 I 33 2.7
Galeorhinus galeus 1661 * - - -
Helicolenus lahillei 331 6.1 1 44.0 (43-45) 5.3 (5.0-5.6)
Macrodon ancylodon 14022 3.8 - - -
Merluccius hubbsi 231/ 6.1 - - -
Micropogonias fumieri 194/ 1.0 1 26.4 (25-27) 1.6 (1.2-1.8)
Mustelus canis 511 27.5 1-2 61.9 (30-100) 14.0(2.2-35.9)
Pagrus pagrus 3621 * 1-4 47.2 (13-134) 6.2 (0.3- 70.9)
Paralichthys isosceles 901 8.9 1-2 49.9 (32- 73) 7.1 (2.5-17.3)
Paralichthys orbignyanus 3081 0.6 3-4 16.2 (9-25) 0.5 (0.1-1.4)
Paralichthys patagonicus 2901 8.6 1-2 55.1 (38-193) 8.9 (3.8-165.6)
Percophis brasiliensis 631 36.5 1-2 62.9 (20-140) 9.9 (0.8-78.5)
Pomatomus saltatrix 1641 3.7 - - -
Porichthys porosissimus 1331 0.8 1 70.7 16.0
Sympterigia acuta 15103 * - - -
Sympterigia bonapartei 8093 * - - -
Trichiurus lepturus 4901 4.9 1-4 54.7 (20-182) 8.8 (0.8-144.5)
Umbrina canosai 7261 0.1 - - -
Urophycis brasiliensis 6631 1.4 1 49.0 (23-85) 8.6 (1.3-22.4)
Urophycis mystacea 581 5.2 1-2 69.4 (51-83) 15.0 (7.1-21.6)

CEPHALOPODS
Loligo sanpaulensis 3131 3.2 1 35.0 (22-49) 3.1 (1.1-6.8)
lllex argentinus 3631 1.7 1-2 40.5 (36-46) 3.8 (3.3-5.9)
PENGUINS
Spheniscus magellanicus 1201 66.7 1-220 74.4 (25-190) 18.0(1.4-159.7)
MARINE MAMMALS
Pontoporia blainvillei 3614./ 51.0 1-180 98.7 (33-188.5) 34.8 (2.5-163.6)
Arctocephalus australis 151 93.3 1-6 96.4 (45-171) 32.9 (5.6-125.0)
Arctocephalus gazzella 31 33.3 1 105 40.2
Arctocephalus tropicalis 12' 33.3 1-4 83.9 (58-134) 23.8 (10.1-70.9)
Delphinus delphis 31 100.0 13-30 57.5 (36-113) 9.9 (3.3-47.7)

* Numbers not reported
, Present study
2Juras and Yamaguti (1985)
3 Queiroz (1986)
4 Pinedo (1982)

survey catches had long-finned squid at a value >5%
FO in their stomach contents (Fig. 7).

DISCUSSION

The diet of Loligo sanpaulensis, consisting mainly
of fish and crustaceans, and to a lesser extent squid,
was basically similar to the diet of other loliginids
(Karpov and Cailliet 1979, LipifIski 1987, Collins et

al. 1994, Rocha et al. 1994, Coelho et al. 1997). The
present results are consistent with those obtained by
Andriguetto (1989) for the same species in the region,
although there were some differences, e.g. the relatively
greater importance of crustaceans in the warmer season
than found by Andriguetto. This difference should be
interpreted with caution, because most of the current
summer samples were obtained from a shrimp-directed
fishery.

Only three fish species preyed on by long-finned
squid could be identified from their otoliths: Symphu-
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Fig. 6: Mantle length (ML) distribution of Loliga sanpaulensis in the stomach contents of Pantaporia blainvillei,
Spheniscus magellanicus, Delphinus delphis, Arctocephalus australis, Trichiurus lepturus and Paralichthys

patagonicus from the southern Brazilian shelf (n = number of specimens of Loligo sanpaulensis)

rus sp., Urophycis brasiliensis and Raneya fluminen-
sis, all of which are uncommon benthic fish (Haimovi-
ci et al. 1996). They cannot be assumed to be repre-
sentative of the diet of long-finned squid,
because only seven otolith pairs recovered from 5 of
the 1I4 stomachs containing fish remains could be
identified to that level. However, their occurrence is
an indication that Loligo sanpaulensis feeds near the
bottom. The two shrimps identified in the stomach
contents, Artemesia longinaris and Pleoticus muelleri,
are also benthic organisms and are abundant from
spring to summer in coastal waters (Ruffino 1991).
Squid were not frequently found in the diet of Loligo
sanpaulensis and cannibalism did not appear to be
important off southern Brazil. Cannibalism in loliginids
is usually associated with limited food resources or
crowded conditions, such as on spawning grounds,
and its frequency of occurrence increases with size
and maturation (Fields 1965, Karpov and Cailliet
1979, Amaratunga 1983, Lipmski 1987). Loligo san-
paulensis does not form dense aggregations (An-

driguetto and Haimovici 1991), probably explaining the
low incidence of cannibalism observed.

Illex argentinus only preyed occasionally on Loligo
sanpaulensis (%FO = 1.7), because the overlapping
distribution of the two species is restricted to larger
juveniles over the outer shelf in winter and spring
(Haimovici and Perez 199Ib). Predation by Loligo
sanpaulensis on Illex argentinus was even less important
(%FO = 0.3). Therefore, it is concluded that trophic
interactions between the two dominant squid of southern
Brazil waters are not important. A different picture
can be drawn for the northern and southern shelf of
Argentina, where the distribution of Illex argentinus
overlaps respectively with Loligo sanpaulensis and
Loligo gahi and predation on these species reaches 5.2
and 13.1% FO respectively (Table I in Ivanovic and
Brunetti 1994).

Although few data on prey size were obtained, the
finding of predation on fish species with a TL as large
as the predator's ML is in agreement with that
described for other Loligo species (Rocha et al. 1994).
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Table III: Mean landings from the shelf fisheries, 1990--1994, and the mean cpue and biomass range estimates from bottom
trawl surveys, 1981-1983, for some of the most important fish of the southern Brazilian shelf that preyed on Loligo

sanpaulensis and their main prey

Mean landings Mean~ue
Estimated

Predator species biomass Main prey Source of feeding data('000 tons)* (kg'o )* ('000 tons)t

Loligo sanpaulensis 0.1 (4.4)t (1.2-3.5)* Benthic fish and crustaceans This study
Cynoscion guatucupa 8.8 183.6 36.7-325.2 Benthic and pelagic fish, crustaceans Vieira (1990)
Macrodon ancylodon 4.0 25.17 1.8-20.7 Shrimps, benthic fish and Juras and Yamaguti (1985)

L. sanpaulensis
Pagrus pagrus 0.3 0.83 - Demersal fish, benthic invertebrates, Capitoli and Haimovici (1993)

cephalopods
Mustelus canis Not recorded 9.0 - Benthic crustaceans, L. sanpaulensis Unpublished data

and fish
Paralichthys isosceles Not recorded 0.5 - Benthic crustaceans, fish and Unpublished data

cephalopods
Paralichthys spp. 1.4 3.3 - Benthic crustaceans, fish and Carneiro (1995)

cephalopods
Percophis brasiliensis 0.2 0.7 - Benthic fish, L. sanpaulensis and Unpublished data

crustaceans
Pomatomus sallatrix 3.5 0.2 - Pelagic fish and crustaceans Haimovici and Krug (1992)
Trichiurus lepturus 0.4 43.9 3. ]-37.8 Benthic and pelagic crustaceans, Martins (1992)

fish and cephalopods

Total demersal shelf 49.2
fisheries

Total pelagic shelf 8.9
fisheries

* From Haimovici et al. (1997)
t From Haimovici et al. (1996)
* From Andriguetto and Haimovici (1991)

Among the predators of £Oligo sanpaulensis, the La
Plata dolphin Pontoporia blainvillei is probably the
one that relies on it extensively. This small dolphin
lives in coastal waters of Argentina, Uruguay and
Brazil and, in all three regions, L. sanpaulensis is part
of its diet (Brownell 1975, Pinedo 1982, Perez et al.
1996). It also appears to select the larger squid,
because the average size of squid preyed on by this
dolphin was bigger than those found during surveys,
especially in summer, where the ML found by An-
driguetto and Haimovici (1991) was 58.4 mm. The
impact of the La Plata dolphin on the long-finned
squid along southern Brazil must be considerable,
because recent aerial surveys have estimated the dolphin
population at about 4 400 animals between 29 and
34°S (E. Secchi, Museu Oceanogratico de Rio Grande,
Brazil, pers. comm.).

The penguin Spheniscus magellanicus includes this
squid among its main prey in the study area (Azevedo
and Schieller 1991). Considerable numbers of one-
year-old juvenile penguins from breeding grounds
along the Patagonian coast reach the continental shelf
of southern Brazil during winter and spring and
frequently are found dead along the coast after storms
(Vooren 1997). Penguins do not appear to be size-
selective for the long-finned squid, because the size

distribution in the stomach contents did not differ from
that found by Andriguetto and Haimovici (1991) for
winter and spring.

Young fur seals Arctocephalus australis, from
breeding grounds off Uruguay, as well as vagrant adult
males of A. gazzella and A. tropicalis from the Antarc-
tic Convergence, reach southern Brazil in winter (Pine-
do et al. 1992). All three species prey on £Oligo san-
paulensis, with preference for larger specimens. These
fur seals do not occur in large numbers in the region
and their impact on the long-finned squid is therefore
probably small.

Among fish that prey on long-finned squid, the ben-
thic shark Mustelus canis and the ambushing finfish
Paralichthys spp., Percophis brasiliensis and Astro-
scopus sexpinosus always feed near the bottom,
whereas other bony fish that prey on Loligo san-
paulensis feed both near the bottom and in the water
column (Juras and Yamaguti 1985, Vieira 1990,
Haimovici and Krug 1992, Martins 1992, Carneiro
1995).

The long-finned squid appears to be more important
in the diet of the bottom-feeding fish but, except for
the flatfish, these are not abundant: <9.4% of commer-
ciallandings and 10.7% of the total catches in bottom
trawl surveys. In contrast, it was only of secondary
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a) Shelf fishery landings
(1990 - 1994)

D Absent ~ %FO<5%

b) Shelf bottom-trawl survey catches
(1981 - 1983)

II%FO> 5%

Fig. 7: Percentage distribution of predatory fish sampled from each of two time-period-specific sources by
intensity of predation on Loligo sanpaulensis, as reflected by percentage frequency of occurrence
(%FO) In predator stomachs - (a) commercial landings (after Haimovici et a/. 1997), (b) bottom trawl

survey catches (after Haimovici et al. 1996)

importance to demersal-pelagic species, including the
cutlassfish Trichiurus lepturus and the weakfish
Cynoscion guatucupa and Macrodon ancylodon, that
represent 74.3% of commercial landings and 59.5% of
the total catch in bottom trawl surveys. Therefore,
despite the fact that Loligo sanpaulensis was a prey of
secondary importance for demersal and pelagic finfish
that feed in the water column, the total predation on
long-finned squid by these species may be more
important than the total predation by bottom-feeding
fish, marine mammals and penguins combined,
because the former group is far more abundant.

An analysis of midwater trawl surveys by Mello et
al. (1992) found that Loligo sanpautensis, Trichiurus
tepturus and Cynoscion guatucupa form part of the
main nektonic assemblages of the region. This associ-
ation suggests that Loligo sanpaulensis ascends in the
water column, probably at night, where it probably
feeds and is preyed upon (Mello et at. 1992). On the
other hand, the occurrence of demersal-benthic
species in the stomach contents of long-finned squid
and its presence in the stomach contents of several
benthic predators indicates a strong connection of this
squid with the sea bed, as also observed by other
authors for this species off Argentina (Castellanos
1967) and also other species of the genus (Karpov and
Cailliet 1979, Lipiilski 1987).

It can be concluded that L. sanpaulensis over the
southern Brazilian shelf occupies an intermediary
level in the pelagic and benthic food webs, because it
feeds and is eaten in the water column and on the sea
bed. It also seems to play an important role in those
foodwebs because it is preyed upon by high-level
predators such as marine mammals and penguins and
by several of the most abundant fish species found there.

ACKNOWLEDGEMENTS

We thank Drs E. G. Dawe (Department of Fisheries
and Oceans, St Johns, Canada) and M. 1. Smale (Port
Elizabeth Museum) for their critical comments on the
manuscript and the Ministry of Education of Brazil -
CAPES (RAS) and the Brazilian Research Council -
CNPq (MH) for financial support.

LITERATURE CITED

AMARATUNGA, T. 1983 - The role of cephalopods in the ma-
rine ecosystem. In Advances in Assessment of World
Cephalopod Resources. F.A.O. Fish. tech. Pap. 231:
379-412.



90 Cephalopod Biodiversity, Ecology and Evolution
South African Journal of Marine Science 20

1998

ANDRIGUETTO, J. M. 1989 - Abundfincia, distribui~ii.o,
habitos alimentares e cicIo reprodutivo de Loligo san-
paulensis Brakoniecki, 1984 (Cephalopoda, Myopsida) na
plataforma costeira e talude superior do Rio Grande do
Sui, Brasil. M.Sc. thesis, Universidade Federal Parana, Cu-
ritiba-PR, Brazil: 1]5 pp.

ANDRIGUETTO. J. M. and M. HAIMOVICI 1991- Abundance
and distribution of £Oligo sanpaulensis Brakoniecki, 1984
(Cephalopoda, Loliginidae) in southern Brazil. Scientia
Mar.. Barcelona 55(4): 611-618.

AZEVEDO, T. R. and A. SCHIELLER 1991 - Notes on the diet
and the ingestion of plastic materia] by Magellanic penguin
Spheniscus magellanicus Santa Catarina Island and main-
land (Brazil). Rapp. Unit. Doc. Zoologie Servo Ethol. Psic.
Anim. Univ. Liege, Belgique 457: 8 pp. (mimeo).

BIDDER, A. M. 1966 - Feeding and digestion in cephalopods.
In Physiology of Mollusca 2. Wilbur, K. M. and C. M. Yonge
(Eds). London; Academic Press: 97-124.

BREIB Y, A. and M. JOBLING 1985 - Predatory role of the flying
squid (Todarodes sagillatus) in north Norwegian waters.
NAFO scielll. Coun. Stud. 9: 125-132.

BROWNELL, R. L. 1975 - Progress report on the biology of the
Franciscana dolphin, Pontoporia blainvillei, in Uruguayan
waters. J. Fish. Res. Bd Can. 32(7): 1073-1078.

CAPITOLI, R. R. and M. HAIMOVICI ]993 - Alimentaeion del
besugo (Pagrus pagrus) en el extremo sur de Brasil. Frente
mar., Sec. A 14: 81-86.

CARNEIRO, M. H. 1995 - Reprodu~iio e alimenta~iio dos ]in-
guados Paralichthys patagonicus e P. orbignyanus (Pleu-
ronectiformes: Bothidae), no Rio Grande do Sui, Brasil.
M.Sc. thesis, Universidade do Rio Grande, Brazil: 80 pp.

CASTELLANOS, Z. 1. A. de 1967 - Contribuci6n el estudio bi-
016gico de £Oligo brasiliensis BI. Bal. lnst. Bioi. Mar. 14:
35 pp.

CLARKE, M. R. (Ed.) 1986 - A Handbook for the ldentification
of Cephalopod Beaks. Oxford; Clarendon: xiii + 273 pp.

CLARKE, M. R. 1987 - Cephalopod biomass-estimation from pre-
dation. In Cephalopod Life Cycles. 2. Comparative Reviews.
Boyle, P. R. (Ed.). New York; Academic Press: 221-237.

CLARKE, M. R. (Ed.) 1996 - The role of cephalopods in the
world's oceans. Phil. Trans. R. Soc. Lond. 3518: 977-1112.

COELHO, M., DOMINGUES, P., BALGUERlAS, E., FERNAN-
DEZ, M. and J. P. ANDRADE 1997 - A comparative
study of the diet of £Oligo vulgaris (Lamarck, 1799) (Mol-
lusca: Cephalopoda) from the south coast of Portugal and
the Saharan Bank (Central-East Atlantic). Fish. Res. 29(3):
245-255.

COLLINS, M. A., DE GRAVE, S., LORDAN, c., BURNELL,
G. M. and P. G. RODHOUSE ]994 - Diet of the squid
Loligo forbesi Steentrup (Cephalopoda: Loliginidae) in
Irish waters. ICES J. mar. Sci. 51(3): 337-344.

FIELDS, W. G. 1965 - The structure, development, food re]a-
tions, reproduction, and life history of the squid Loligo
opalescens Berry. Fish Bull. Calif. 131: 108 pp.

GARCIA, C. A. E. 1997 - Physical oceanography. In Subtropi-
cal Convergence Environmellls. The Coast and Sea in the
Southwestern Atlantic. See]iger, U., Odebrecht, C. and J. P.

. Castello (Eds). Berlin; Springer: 94-96.
HAIMOVICI, M., CASTELLO, J. P. and C. M. VOOREN 1997

- Fisheries. In Subtropical Convergence Environments.
The Coast and Sea in the Southwestern Atlantic. Seeliger,
U., Odebreeht, C. and J. P. Castello (Eds). Berlin;
Springer: 183 -196.

HAIMOVICI, M. and L. C. KRUG ]992 - Alimenta~ii.o e repro-
du~iio da enehova Pomatomus sallatrix no litoral sui do
Brasil. Revta brasil. BioI. 52(3): 503-513.

HAIMOVICI, M., MARTINS, A. S. and P. C. VIEIRA 1996 -
Distribui~iio e abundfincia de peixes tele6steos demersais

sobre a plataforma continental do sui do Brasil. Revta
brasil. Bioi. 56( I): 27 -50.

HAIMOVIC], M. and 1. T. MENDONl;:A 1996· Analise da pesea
de arrasto de tangones de peixes e camaroes no Sui do
Brasil. Perfodo 1989-1994. Atlfilltica 18: 143-160.

HAIMOVTCl, M. and 1. A. A. PEREZ 1991a - Coastal cephalopod
fauna of southern Brazil. Bull. mar. Sci. 49(1-2): 221-230.

HAIMOVICI, M. and J. A. A. PEREZ 199]b - Abundfincia a
distribui~iio de cefal6podes em cruzeiros de prospec~iio
pesqueira demersal na plataforma externa e talude conti-
nental do sui do Brasil. Atllilltica 13( I): 189-200.

HYSLOP, E. J. ]980 - Stomach contents analysis - a review of
methods and their application. J. Fish Bioi. 17(4):
411-429.

IVANOVIC, M. and N. E. BRUNETTI 1994 - Food and feeding
of lllex argelltinus. Antarctic Sci. 6(2): 185 -] 93.

JURAS, A. A. and N. YAMAGUTI 1985 - Food and feeding
habits of king weakfish, Macrodon ancylodoll (Bloch &
Schneider, 180]) caught in the southern coast of Brazil
(La!. 29° to 32°S). Balm Inst. Oceanogr., S. Paulo 33(2):
149-]57.

KARPOV, K. A. and G. M. CAILLIET 1979 - Prey composition
of the market squid, £Oligo opalescens Berry, in relation to
depth and location of capture, size of squid, and sex of
spawning squid. Rep. Calif. coop. oceanic Fish. Invest. 20:
51-57.

LIPINSKI, M. R. ]987 - Food and feeding of Loligo vulgaris
reynaudii from St Francis Bay, South Africa. In The
Benguela and Comparable Ecosystems. Payne, A. I. L.,
Gulland, J. A. and K. H. Brink (Eds). S. Afr. J. mar. Sci. 5:
557-564.

MARTINS, A. S. 1992 - Bioecologia do peixe-espada Trichiurus
lepturus Linnaeus, 1758 no sui do Brasil. M.Sc thesis, Uni-
versidade do Rio Grande, Brazil: 149 pp.

MELLO, R. M., CASTELLO, J. P. and K. M. E FREIRE 1992-
Asociaci6n de especies pelagicas marinas en el sur de
Brasil durante invierno y primavera. Frente mar., Sec. A
11: 63-70.

NIXON, M. 1987 - Cephalopod diets. In Cephalopod Life Cy-
cles. 2. Comparative Reviews. Boyle, P. R. (Ed.). London;
Academic Press: 201-219.

O'DOR, R. K. and M. 1. WELLS 1987 - Energy and nutrient
flow (cephalopods). In Cephalopod Life Cycles. 2. Compar-
ative Reviews. Boyle, P. R. (Ed.). London; Academic Press:
109-133.

PEREZ, J. E., GINGARELLI, M., BELLIS, A. and J. COR-
CUERA ]996 - Alimentaci6n del delfin franciscana en el
sur de la provincia de Buenos Aires, Argentina. In Anales
VlI Reuni6n de Trabajo de Especialistas en Mamiferos
Acutiticos de America del Sur: p. 91.

PINEDO, M. C. 1982 - Ana]ise dos conteudos estomacais de
Pontoporia blainvillei (Gervais & D'Orbigny, 1844) e Tur-
siops gephyreus (Lahille, 1908) (Cetacea, Platanistidae e
Delphinidae) na zona esturial e costeira de Rio Grande,
RS, Brasil. M.Sc thesis, Universidade do Rio Grande,
Brazil: 95 pp.

PINEDO, M. C., ROSAS, E C. W. and M. MARMONTEL 1992
- Cetticeos e Pinipedes do Brasil. Manaus, UNEP/Fundar;:iio
Universidade de Amazonas: 213 pp.

QUEIROZ, E. L. 1986 - Estudo comparativo da alimenta~iio de
Sympterigia acuta Garman, 1877 e S. bonapartei Miiller y
Henle, 1841 (Pisces: Rajiformes) com rela~iio a dis-
tribui~ii.o, abundfincia morfologia e reprodu~ii.o, nas aguas
Iitorfineas do Rio Grande do Sui, Brasil. M.Sc thesis, Uni-
versidade do Rio Grande, Brazil: 326 pp.

ROCHA, E, CASTRO, B. G., GIL, M. S. and A. GUERRA 1994
- The diets of Loligo vulgaris and Loligo forbesi
(Cephalopoda: Loliginidae) in Northwestern Spanish At-

http://www.ingentaconnect.com/content/external-references?article=0165-7836()29:3L.245[aid=8272829]
http://www.ingentaconnect.com/content/external-references?article=0165-7836()29:3L.245[aid=8272829]
http://www.ingentaconnect.com/content/external-references?article=1054-3139()51:3L.337[aid=8272828]
http://www.ingentaconnect.com/content/external-references?article=0022-1112()17:4L.411[aid=8272827]
http://www.ingentaconnect.com/content/external-references?article=0022-1112()17:4L.411[aid=8272827]
http://www.ingentaconnect.com/content/external-references?article=0022-1112()17:4L.411[aid=8272827]


]998 Santos & Haimovici: Trophic Relations of £Oligo sanpaulensis off Brazil 9]

lantic waters. Sarsia 79(2): 119-126.
ROPER, C. F. E., SWEENEY, M. J. and C. E. NAUEN 1984-

F.A.O. species catalogue. Cephalopods of the world. An
annotated and illustrated catalogue of species of interest to
fisheries. F.A.G. Fish. Synop. 125(3): 277 pp.

RUFFINO, M. L. 1991 - Dinamica populacional do camarao
Artemesia longinaris Bate, 1888 (Decapoda: Penaeidae) do
suI do Brasil. M.Sc. thesis, Universidade do Rio Grande,

Brazil: 96 pp.
VIEIRA, P. J. C. 1990 - Bio1ogia popu1aciona1 de Cynoscion

striatus (Pisces: Scianidae) no litoral sui do Brasil. M.Sc.
thesis, Universidade do Rio Grande, Brazil: 81 pp.

VOOREN, C. M. 1997 - Sea and shore birds. In Subtropical
Convergence Environments. The Coast and Sea in the
Southwestern Atlantic. Seeliger, U., Odebrecht, C. and 1. P.
Castello (Eds) Berlin; Springer: 154-159.

http://www.ingentaconnect.com/content/external-references?article=0036-4827()79:2L.119[aid=8272833]

