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Abstract A total of 2,673 fresh specimens of cephalopod
and fish representing 35 species were obtained from
commercial local fisheries in Galician waters (NW
Spain). They were examined for anisakid nematodes by
digestion of the muscle and elution of the viscera and
whole body cavity. All larval nematodes recovered were
identified by light microscopy and multilocus electro-
phoresis as belonging to the species Anisakis simplex
sensu stricto and A. pegreffii. Encysted larvae mostly
occurred in the viscera but were also found in the flesh of
squid and fish. Demographic values for larval nema-
todes are discussed in relation to host preferences and
the ecological niche of both anisakid species at the
sampling area. Primary recommendations are also ex-
pressed concerning the effects of current fishing and
aquaculture practices on the Anisakis problem.

Introduction

The ‘nematode problems’ in North Atlantic fisheries
have traditionally been of general concern to scientists
(Moller 1989). In the last 50 years, extensive evidence
has been supplied to recognize that the presence of
anisakid larvae on and in the viscera and flesh or free in
the body cavity of many economically important
cephalopod and fish species may affect fish processing
and also has public health implications. The nematode
larvae have always been well known to fishermen, pri-
vate companies, the fish trade, seafood surveillance and
administrative organisations. The presence of nema-
todes in fish hosts was recognized as early as the thir-
teenth century (Myers 1976) but due to recent media
coverage nematodes are nowadays identified as an aes-
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thetic problem by the general public which has led to
notable adverse effects on marketing. Removing para-
sites adds appreciably to the costs of packaging, reduc-
ing the value of the product and representing a financial
loss in marketing value. The magnitude of the problem
has been increasing since the 1960s as the parasite has
become more prevalent in North Atlantic fisheries
(Smith and Wootten 1979; McClelland et al. 1985).

Apart from their economic significance, in the mid-
1950s anisakids became medically important as the
aetiological agent of a painful disease for fish consumers.
Third-stage larvae of Anisakis simplex sensu lato are
pathogenic to humans when raw, undercooked, or
lightly marinated fish are ingested (Nagasawa 1990;
Ishikura et al. 1992). In such cases the larvae may pen-
etrate into the gastrointestinal mucosa, causing gastric
or intestinal anisakiasis (Sakanari and McKerow 1989;
Kikuchi et al. 1990). Although most cases have been
described in Japan (Ikeda et al. 1989; Kagei and Isogaki
1992; Matsumoto et al. 1992) in the last few years they
have increased world-wide even in many countries where
less fish is consumed (Petithory and Marty 1988).
Moreover, allergic and anaphylactoid reactions caused
by A. simplex s.l. have been described (Kasuya et al.
1989, 1990), emphasizing the need to consider it as an
aetiological factor in urticaria related to the consump-
tion of fish (Audicana et al. 1995; Ardusso-Lovera et al.
1996; Del Pozo et al. 1997; Montoro et al. 1997). In fact,
a recent study of seroprevalence with crude larval ex-
tracts of A. simplex using sera from Spanish people
showing no clinical symptoms of anisakiasis was positive
in 12.0% of an examined random population (Garcia-
Palacios et al. 1996).

The success of control and legislation measures
against any parasitic disease is dependent on a knowl-
edge of its aetiology (causative agent) and natural his-
tory (epidemiology) (Molyneux 1998). Whatever the
method of control employed, the use of accurate diag-
nostic tools and studies on the population ecology of
parasites can help when elaborating methods of control
for fish nematodes. The aim of the present study, which



was undertaken in response to growing awareness in
society following recent reports in the Spanish media
regarding marketing of fish containing anisakids in local
fisheries, was twofold: to obtain the specific identity of
Anisakis larvae; and to establish their prevalence pattern
in local fishery products landed at Galician ports.

Materials and methods
Sampling

Samples were collected during 1997-1998 from commercial landings
by fishermen operating with otter and pair trawlers and traditional
gear at the Galician coast (NW Spain: 42°05-45°15'N, 07°00—
09°20"W). All specimens, including 988 fishes (28 species) and 1,685
cephalopods (seven species), were placed on flake ice until gutting
and/or digestion at the laboratory, where they were examined on
arrival while still fresh. Each host individual was weighed (BW, total
body weight, to the nearest g) and measured (BL, total body length
for fish and dorsal mantle length for cephalopods, to the nearest
mm). The whole body cavity and the viscera of each individual were
carefully dissected and thoroughly examined for anisakids. They
were removed from surrounding host tissue with the aid of a
stereomicroscope, counted and the site of infestation noted. Worms
in the fish flesh were recovered and counted using Smith and
Wootten’s (1975) pepsin-HCI digest method.

Taxonomy

To identify the nematodes by light microscopy (LM), they were
liberated from their capsules, fixed in hot 70% ethanol, cleared in
glycerine or lactophenol and temporarily placed in mounts. Iden-
tification of the specimens was based on the morphology of the
digestive tract, the position of the boring tooth in relation to the
excretory pore and the morphology of the postanal tail with a
typical terminal mucron (Berland 1989). For genetic specific iden-
tification of larvae within the A. simplex sibling complex, a total of
85 and 323 individuals comprising 18 subsamples from infested
cephalopod and fish species, respectively, were repeatedly washed
in 0.9% saline solution and frozen in individual plastic vials at
—80 °C. Identification was done by multilocus electrophoresis in
standard horizontal starch gel performed on single specimens.
Details of the electrophoretic procedure and diagnostic loci were as
described by Mattiucci et al. (1997).

Demographic values

In a fish-processing industry, accurate electrophoretic identification
of each larvae is time-consuming and expensive and involves the
purchase and maintenance of expensive equipment. Similarly, di-
agnosis by microscopy, even by a well-trained microscopist, is ex-
tremely labour intensive, especially when a large number of samples
needs to be screened in a relatively short time, such as during
routine checks by fish inspectors. In order to overcome this prob-
lem and to avoid the traditional lack of comparable studies in the
past, demographic values of parasitic infestation are referred to
A. simplex s.1. and calculated according to Bush et al. (1997). Based
on prevalence values, anisakids were classified into component
(P >10%) and secondary species (10% = P >1%) (Bush et al.
1990).

Results

Cephalopods and fish examined for anisakid parasites
are listed in Tables 1 and 2. The general morphology of
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all larval specimens examined by LM closely resembled
that of A4. simplex (Rudolphi, 1809) larva (I) of Berland.
All the A. simplex s.l. larvae found in four cephalopod
species and 14 fish species were genetically assigned to
A. simplex s.str., whereas all larvae assigned to
A. pegreffii were found in seven fish species but not in
cephalopods (Tables 1, 2). Of the infested fish species,
50% were shared by A. simplex s.str. and A. pegreffii.
These include Prionace glauca, Belone belone, Micro-
mesistius  poutassou, Scomber scombrus, Trachurus
trachurus, Lepidorhombus boscii and Scorpaena scrofa.

A. simplex s.1. larvae were usually found encapsulated
in tight flat coils on or in the viscera of fish and
cephalopods, sometimes aggregated in enormous num-
bers. Specimens of third-stage larvae from cephalopods
are mainly found free in the body cavity and encapsu-
lated in flat spirals in the sheath of connective tissue
surrounding the mantle muscle, mesenteries, gonads and
the internal wall of the stomach. 4. simplex s.l. larvae
were also found encapsulated on the fish’s liver, stom-
ach, mesenteries, gonads and musculature, mainly in the
belly flaps and rarely in the dorsal parts. M. poutassou,
S. scombrus, Merluccius merluccius, Lophius piscatorius
and T. trachurus often harboured muscle-encapsulated
Anisakis larvae (3.2-41.1% of the total worm burden),
while the flesh of other fish species was not infested.
However, in all fishes, the majority of Anisakis larvae
were found in the viscera (258.9% of the total worm
burden). In S. scombrus and T. trachurus but mostly in
M. poutassou we mnoted post-mortem migrations of
Anisakis larvae from the body cavity to the skin, without
encysting in the fish flesh.

In cephalopods, the highest prevalence of Anisakis
larvae occurred in Todarodes sagittatus (34.28%; 23-45)
and T. eblanae (23.50%; 20-27). Prevalence values of
100% were recorded in five fish species: P. glauca,
B. belone, M. merluccius, L. piscatorius and S. scrofa.

The overall mean intensity and abundance of
herringworm varied considerably among the host species
sampled. The lowest values were found in Loliginidae
and Sepiidae among the cephalopods, and Aterinidae,
Clupeidae and Anguillidae among the fishes. The highest
herringworm mean intensities and abundance were
found in ommastrephid squids, P. glauca, M. merluccius,
L. piscatorius, S. scombrus, T. trachurus and S. scrofa.

The nematode A. simplex s.l. was classified as a
component species in all the infested specimens of
paratenic host examined, except for the common cuttle-
fish S. officinalis (3.42%; 0.7-6). Three cephalopod and
14 fish species were free of anisakid larvae.

Discussion

The third-stage larvae of A. simplex s.l. have been re-
corded world-wide in approximately 200 fish species
(Smith and Wootten 1978; McClelland et al. 1990; Koie
1993a) and in 25 cephalopod species (Hochberg 1990).
The use of paratenic hosts opens up immense possibilities
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of dispersion for third-stage larvae of A. simplex s.l. and
the completion of its life-cycle. Among the large variety
of nematode larvae occurring in fish and cephalopods,
only large worms of the genus Anisakis Dujardin, 1845
and Pseudoterranova Mozgovoi, 1950 are of concern as
regards public health. The importance of properly
identifying the larvae during fish processing has obvi-
ously been exemplified in relation to those species with
public health implications. In recent years, the use of
genetic methods, particularly multilocus electrophoresis,
has proved quite successful in the study and detection of
anisakid sibling species (Mattiucci et al. 1997, 1998).
Genetic studies on the taxonomy of the A. simplex
complex revealed the existence of three sibling species:
A. simplex s. str., previously named 4. simplex B, which
is widespread between 30°N and the Antarctic Polar
Circle; A. pegreffii, previously named A. simplex A,
which appears widely distributed in the austral region
between 35°S and 55°S, as well as in the Mediterranean
Sea; and A. simplex C, which shows a discontinuous
range, including Pacific Canada and the region south of
35°S (Mattiucci et al. 1997). The present survey states
that 4. pegreffii and A. simplex s. str. are component
species in 17 paratenic host species from Galician waters.
This finding widens the host range of third-stage larvae
A. simplex s.str. and A. pegreffii to 12 and 6 paratenic
host species, respectively, in temperate waters off the
north-eastern Atlantic coast.

Mattiucci et al. (1997) showed that the paratenic
hosts of A. simplex s.str. are mainly benthic or demersal,
whereas those of A. pegreffii are mainly pelagic. These
authors argued that the hosts with mixed infestations of
both species are meso- or benthopelagic. Such differ-
ences may be related to different feeding habitats of the
definitive hosts of anisakids. Based on this, the pre-
dominant use of pelagic fish hosts by A. pegreffii and of
benthic or demersal fish hosts by A. simplex s.str. sug-
gests differences in their life-cycles, which follow either a
pelagic or a benthic food chain, respectively. Our data
showed that 80% of the fish hosts for A. simplex s.str.
are nektobenthic or demersal. Surprisingly, no infesta-
tion by A. pegreffii was found in large pelagic cephalo-
pods. Furthermore, 57% and 43% of the fish species
with mixed infestations (A. simplex s.str. and A. pegreffii)
are pelagic and demersal or nektobenthic, respectively.
We note that the infestation pattern of A. simplex s. str.
in Galician waters is highly similar to those presented by
Mattiucci et al. (1997) although somewhat different for
A. pegreffii. Moreover, though Anisakis larvae exhibit
little specificity for paratenic hosts (Holmes 1990;
McClelland et al. 1990), the former finding suggests that
transmission of Anisakis may be regulated by host
preferences (Inglis 1979; Martell and McClelland 1995;
Mattiucci et al. 1997). For example, Cannon (1977)
showed that in southern Queensland the anisakines are
not randomly distributed in the marine environment.
Natural transmission occurs in specific habitats and in
relation to characteristic host diets (diet and habitat
being interrelated). Recently, Hojgaard (1998) support-
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ed the hypothesis that 4. simplex s.1. is better adapted to
the offshore regions than to the coastal or the estuarine
environment. Oshima (1972), Smith (1983a) and
Nagasawa and Nakata (1984) noted that Anisakis larvae
are ‘open-water types’ typically found in predators of
nekton and adapted to oceanic environments. Similarly,
in Galician waters all larval worms from cephalopods
were identified as A. simplex s. str. This is not surprising
considering that in the sampling area the nektonic om-
mastrephid squids are an important component of the
diet of the long-finned pilot whale Globicephala melas in
offshore waters close to the shelf edge (Gonzalez et al.
1994), and the adult worms collected from this final host
were all identified as A4. simplex s.str. (Abollo 1999).

In Ibero-Atlantic temperate waters, anisakid para-
sites are a natural part of the trophic web of marine
ecosystems (Abollo et al. 1998a). In fact, encapsulated
third-stage larvae of the 4. simplex complex have pre-
viously been reported in commercially exploited cepha-
lopods (Pascual et al. 1996a) and marine fish stocks
(Sanmartin et al. 1989; Abaunza et al. 1994). Toothed
whales acquire the nematodes by preying on fish and
squids (Pascual 1996b) and serve as final hosts, har-
bouring third- and fourth- stage larvae and the adults,
including sexually mature individuals (Abollo et al.
1998b). The eggs are passed into the faeces of cetaceans
and embryonate in the seawater (Nagasawa 1990). Re-
cently, Keie (1993b), Keie and Fagerholm (1993) and
Koie et al. (1995) found that the larva prior to hatching
is surrounded by two cuticles and thus should be con-
sidered the third-stage larva. Fish and squid, as
paratenic hosts, acquire A. simplex s.l. by feeding on
crustaceans (mainly euphausiids; Smith 1971, 1983b)
that are harbouring the third-stage larvae. If small fish
or squid are preyed on by larger fish or squid, the larvae
are capable of re-establishing in the latter without a
moult. Very large carnivorous fishes and cephalopods
may thus accumulate enormous numbers of larvae. In
fact, in Galician waters it was noted that larger carniv-
orous host species are those with higher values of
prevalence, mean intensity and abundance of infestation
by A. simplex s. 1. This finding, together with the above
argument on host preferences, suggests that the life-cycle
of A. simplex s.l. in Galician waters takes place with a
limited number of host species in which the accumula-
tion effects through predatory relationships between
sympatric hosts are considerable.

An important question that remains to be addressed
by fisheries and aquaculture management is that wide-
spread customs in commercial fishing and aquaculture
practices may aggravate the Anisakis problem in
Galicianlocal fish products. Firstly, commercial fishing
practices may aggravate the Anisakis prevalence in the
fishing areas. Thus, fresh evisceration of fish and dis-
posal of heavily infested viscera at sea may result in
increased abundance of the parasite in fish which feed on
discarded viscera (McClelland et al. 1990). Secondly, it is
well known that when some ungutted fish species are
stored on ice for periods of more than a few hours, some



498

A. simplex larvae migrate from the viscera to the flesh
(Smith and Wootten 1978; Smith 1983a). Thus, pre-
cautions should be taken on board directly after capture,
particularly when eviscerating larger fish specimens. This
may largely reduce the presence of anisakids in edible
parts of fish which are commercially important. Never-
theless, the present study noted post-mortem migrations
of A. simplex third-stage larvae into the flesh of some
species (S. scombrus, T. trachurus and M. poutassou)
from the fish market in Galicia, as was also stated by
Smith (1984). Finally, infestation by Anisakis larvae has
also been noted in populations of the common octopus,
Octopus vulgaris, in cultured systems in Galician waters
(authors’ unpublished data), the source of infestation in
these cases of intensive aquaculture being untreated,
infested marine fishes often provided as food.
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