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Abstract
Two hundred and eighty-one anisakid larvae were found encapsulated in stomachs and mesenteries of 69 blackspot seabreams,
Pagellus bogaraveo from Madeiran waters. Ninety-four larvae were identified as Anisakis simplex s.s., Anisakis pegreffii (Type
I larvae), Anisakis simplex s.l. (Type II larvae) and Hysterothylacium sp. Prevalence of infection with anisakids increased with
host length from 81.3% to a maximum of 96.3%. Mean intensity ranged from 3.5 (at length class 25 cm) to 4.8 (at length class
35 cm), with the majority of fish infected with only 1 or 2 parasites. A positive but not significant correlation was found between
intensity and length (rs = 0.0419, p = 0.717). The high values of prevalence and low values of intensity may indicate that the
anisakid larvae are dispersed within their hosts. No particular histopathological lesions were found associated with the presence
of the nematodes, corroborated by a positive but not significant correlation that was found between intensity and condition fac-
tor (rs = 0.242, p = 0.035).
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Introduction

The blackspot seabream, Pagellus bogaraveo (Pisces, Teleo-
stei, Sparidae), is a fish species with high commercial value,
in Madeira (7.5 Euros/kg compared with 2.0 Euros/kg for
mackerel, Scomber japonicus and black-scabbard fish, Apha-
nopus carbo, data taken from the landing registry of the Re-
gional Fisheries Board of Madeira for 2001). It has a geo-
graphical range extending through the Mediterranean and
Atlantic Ocean from Norway (65°N) to Cape Blanco, Madeira
and the Canaries (30°N) (Bauchot and Hureau 1986). In Ma-
deira, landings of this species, showed some slight fluctua-
tions from 2000 to 2001 (0.34 and 0.30% of total fish land-
ings, data from the Regional Fisheries Board of Madeira).
Fluctuations in fish populations may be related to an increase
of the fishing pressure (Iversen 1996) or to the occurrence of
parasites and diseases (Lom and Dyková 1992, Molnár et al.
1993, Scholz 1999). Several parasites are known to inflict
some sort of impact to their fish hosts in their natural habitat,
such as increasing their susceptibility to predation, decreasing
host density (Mo 1994) reducing the marketability of fish
(Rohde 1993, Angot and Brasseur 1995) and affecting growth

(Faisal and Imam 1990, Williams and Jones 1994, Scholz
1999). They can also be deleterious for cultured species
(Scholz 1999, Kritsky and Heckmann 2002). Recently the
local Fisheries Department of Funchal (Madeira Island, Por-
tugal) initiated a program of adaptation of P. bogaraveo to cul-
ture conditions (Andrade et al. 2000). According to several
authors, it is advisable to undertake studies of parasites and
diseases of wild fishes before initiating commercial cultiva-
tion of the species, due to possible transferences of infections
from wild to cultured individuals (McVicar 1997, Reno 1998).
Taking this into account, a study of the helminth parasites of
P. bogaraveo was done, concentrating on the occurrence of
anisakid nematodes.

Materials and methods

Between November 1999 and July 2000, 77 blackspot sea-
breams, Pagellus bogaraveo, captured in Madeiran waters,
Atlantic Ocean, were examined for the presence of nema-
todes. Fish were dissected and the visceral cavity and diges-
tive tract examined for the presence of helminths with the aid
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of a Zeiss stereomicroscope. After dissection of the individu-
als, encapsulated or free nematode larvae from the visceral
cavity and internal organs were collected and counted. Live
nematodes were placed in tap water for relaxation, fixed in
70% ethanol, cleared in lactophenol and mounted in Entellan

(Berland 1984). Morphological study of the nematode larvae
was done using a Zeiss Axioplan photomicroscope equipped
with DIC optics, and photographs were obtained by attached
MC-Camera. Measurements of morphological features, were
taken with the aid of an ocular micrometer, and given in mil-
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Fig. 1. Anterior end of Anisakis simplex s.l., Type I larva, from Pagellus bogaraveo showing excretory pore (pe) and boring tooth (arrowed).
Scale bar = 100 µm. Fig. 2. Tail of A. simplex s.l., Type I larva showing mucron (m). Scale bar = 100 µm. Fig. 3. Ventricular region (ve) of
A. simplex s.l., Type I larva. Scale bar = 200 µm. Fig. 4. Ventricular region (ve) of A. simplex s.l., Type II larva. Scale bar = 200 µm. Fig. 5.
Tail of A. simplex s.l., Type II larva. Scale bar = 100 µm. Fig. 6. Anterior end of Hysterothylacium sp. (L4 stage) showing papillae. Scale
bar = 50 µm
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limeters or micrometers, (presented as means ± standard er-
rors), with range (min.-max.). For histopathological study,
samples of infected tissues were fixed in Bouin�s fluid and
subject to a standard histological protocol, to produce paraffin
embedded samples suitable for sectioning and staining (Ban-
croft and Stevens 1990). Procedures for the molecular identi-
fication of the anisakid larvae followed those described in
D�Amélio et al. (2000) and Pontes (2001). The condition fac-
tor (K) of each fish was calculated according to Fulton, as:
K = weight (in g) × 1000/[total length (cm)]3. Prevalence, in-
tensity and abundance indices were calculated after Bush et al.
(1997). Significance of relationships between condition factor
and infection intensity of nematodes and of intensity of infec-
tion in relation to host length, were tested by Spearman cor-
relation coefficient. Results were considered significant
where p<0.05. Estimations of the level of aggregation of the
anisakid larvae, were obtained by the calculations of the dis-
persion index (D), and the variance to mean ratio (s2/×),
according to Poulin (1993), using the statistical package QP
1.0 (Rózsa et al. 2000). 

Results

A total of 281 anisakid larvae in 69 fish were recovered dur-
ing the study period (8 of the 77 fish were uninfected). A sub-
sample of those larvae, composed of 94 individuals was re-
tained for identification purposes. Seventy-nine larvae were
identified as Anisakis simplex s.l., 50 of them being Type I lar-
vae (Figs 1�3) and the remaining 29 Type II larvae (Figs 4 and
5) (sensu Berland 1961). Those larvae were found encapsu-
lated in the external and internal walls of the stomach and

mesenteries. Some of the A. simplex s.l. larvae were identified
to the species level as A. simplex s.s. and A. pegreffii by the
analysis of the rDNA intergenic spacers (ITS-1 and ITS-2).
Total length of Anisakis Type I larvae was 21 ± 7 mm (6�32,
n = 45) and Type II was 18 ± 2 mm (6�33, n = 22). Fifteen lar-
vae, found in the intestine of the examined fish, were identi-
fied as Hysterothylacium sp. L3 and L4 stages (Figs 6�8).
Molecular analysis of these larvae by PCR-RFLP of the rDNA
region, ITS-1 and ITS-2 allowed the definition of restriction
fragments typical of Hysterothylacium, but did not define the
species. Length of these larvae was 13 ± 1 mm (10�16, n =
15), length of ventricular appendage was 1014 ± 74 µm
(600�1280), length of the intestinal caecum was 148 ± 10 µm
(100�210) and tail was 117 ± 41 µm (70�250).

Prevalence of the nematodes (both genera combined) was
high (P = 89.61%, 95% confidence limits 0.8055 to 0.9541)
and showed some differences with fish length from 81.3% (at
the length class ≤ 25 cm) to 96.3% (at the length class ≥ 35 cm)
(Table I). Intensity, in contrast, was low (mean intensity =
4.07, 95% bootstrap confidence limits 2.93 to 5.32), with
mean values per length class of 3.5 ± 0.8 to 4.8 ± 2.0, with the
majority of fish infected by only 1 or 2 parasites (n = 34). One
fish was infected with 36 nematodes. A positive but not sig-
nificant correlation was found between intensity and length
(rs = 0.0419, p = 0.717), and condition factor and intensity
(rs = 0.242, p = 0.035). The high values of prevalence and low
values of intensity (except for 4 fish), may indicate that the
anisakid larvae are dispersed throughout the host population,
which was confirmed by the values of D = 0.534 and s2/× =
7.354. No histopathological lesions were found associated
with the presence of encapsulated nematodes in the stomach
wall.
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Fig. 7. Oesophagus region, ventriculus (ve) and intestinal caecum (arrowed) of Hysterothylacium sp. Scale bar = 62.5 µm. Fig. 8. Posterior
end of Hysterothylacium sp. with cactus-tail. Scale bar = 100 µm
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Discussion

Anisakid nematodes, both larvae and adults, are common par-
asites of a wide range of marine fish species (Smith and
Wootten 1978, Anderson 1992, Williams and Jones 1994).
The genus Anisakis, which occurs in fish at the larval stage,
was previously reported infecting P. bogaraveo from the
Atlantic (Berland 1961) and P. erythrinus from the Medi-
terranean (Petter and Maillard 1988). The species A. simplex
s.s. and A. pegreffii were reported from the chub mackerel,
Scomber japonicus, oceanic horse mackerel, Trachurus pic-
turatus, and the black-scabbard fish, Aphanopus carbo from
Madeiran waters (Pontes 2001, Costa et al. 2003). For A. sim-
plex s.s. the intermediate/paratenic hosts are mainly benthic
and demersal (Mattiucci et al. 1997), which is consistent with
their occurrence in P. bogaraveo. Both A. simplex and A. peg-
reffii are characterized by larvae of Type I (sensu Berland
1961). Several larvae of Type II were also recovered during
this study, which were not identified by molecular methods.
Type II larvae are known to belong to A. physeteris and A. bre-
vispiculata (Mattiucci et al. 1986, 2001) and have been report-
ed in other fishes from Madeiran waters (Pontes 2001, Costa
et al. 2003). In addition, A. physeteris is typical of epipelagic
intermediate/paratenic hosts of the Mediterranean and Atlan-
tic Ocean, while A. brevispiculata appears to be distributed in
central and southern Atlantic waters. Its final host Kogia bre-
viceps (pigmy sperm whale) has been reported in Madeiran
waters by Mathias (1988). Thus at least one further Anisakis
species occur in P. bogaraveo, either A. physeteris or A. bre-
vispiculata or both. Further molecular work is required to clar-
ify the situation.

Anisakid nematodes of the genus Hysterothylacium use
fish as both intermediate and definitive hosts, in which they
attain maturity. Some Hysterothylacium species were report-
ed from sparid fishes, namely Pagellus acarne (Petter and
Cabaret 1995) and a related species Diplodus sargus from the
Mediterranean (Petter and Maillard 1988). The morphology
of the Hysterothylacium larvae in the present work was com-
pared with those of Hysterothylacium reliquens and H. fabri,
as these species were reported to occur either in the genus
Pagellus or in sparid members in general (Norris and Over-
street 1975, Petter and Maillard 1988, Petter and Cabaret
1995). In particular, measurements of the total body length,
length of ventricular appendage, the intestinal caecum and
tail, in P. bogaraveo specimens in the present work (10�16

mm and 600�1280, 100�210, 80�265 µm) closely approxi-
mated those given for H. fabri found in Diplodus sargus
(sparid) and other fish species from the Mediterranean
(10.8�16 mm and 550�1275, 170, 70�250 µm) (Petter and
Maillard 1988).

Moreover, in a survey of parasites from the Turkish-
wrasse, Thalassoma pavo (Labridae) in Madeira during 1999,
L3 stages of Hysterothylacium sp. were found with very long
ventricular appendage about 6.8 times bigger than the intes-
tinal caecum. This fits in well with the description of Petter
and Maillard (1988) in which is reported the occurrence of
H. fabri also in T. pavo. Tentative molecular identification of
some of the larval Hysterothylacium sp. found in the blackspot
seabream could only assign larvae to the genus Hysterothy-
lacium, as no adult forms were available. Molecular studies of
members of this genus to date were only done for H. aduncum.
Our species did not correspond to H. aduncum based on the
molecular results. It would thus be interesting in future re-
search work to look for adult stages of Hysterothylacium in
Madeiran fishes to allow a more detailed characterization of
molecular markers appropriate for distinguishing members of
this genus.

Histopathological analysis of the effect of the anisakid lar-
vae in the infected tissues, showed no specific lesions due to
infection with nematodes. However, the pathological effect
depends on the number of larvae present and the size (age) of
the fish (Lester and Adams 1974, Rohde 1984). Pavanelli et
al. (1998) stated that in juvenile fish, nematode infections may
lead to some mortality. Apart from mortalities, the presence of
encapsulated larvae in fish tissues may lead to devaluation of
the quality of the fish (Rohde 1993, Angot and Brasseur 1995)
which is rather important in aquaculture. It is also worthwhile
to mention that caged fish may be fed on fish meat, which
could contain nematode larvae, thus becoming infected. On
the other hand, if caged fish are reared in open sea cages, as
it is done in Madeira, they may ingest the anisakid intermedi-
ate hosts, such as pelagic crustaceans (Smith 1983, Marco-
gliese 1995), and thus become infected by these nematodes.
It would also be worthwhile to look for anisakids in the mus-
cle tissue in future parasitological investigations of this fish
species.

Prevalence of infection was high and intensity low (except
in 4 of the fish examined), a picture already found for other
fish hosts in Madeira, namely S. japonicus and T. picturatus
(Costa et al. 2003). Since anisakids are not host specific at the
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Table I. Prevalence, intensity and abundance of anisakid larvae in Pagellus bogaraveo, relative to fish length, from November 1999 to
July 2000

Length No. fish No. fish Prevalence Parasites Mean intensity Abundance
class (cm) examined infected (%) (min.-max.) ± S.E. ± S.E.

≤ 25 16 13 81.3 47 (1�10) 3.6 ± 0.8 2.9 ± 0.7
25�35 34 30 88.2 144 (1�36) 4.8 ± 2.0 4.2 ± 1.2
≥ 35 27 26 96.3 90 (1�17) 3.5 ± 0.8 3.3 ± 0.7
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larval stage they may be found in a wide range of different
available fish host species, and this may result in a higher
probability of transmission (Smith 1983, Mattiucci et al.
1997).
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