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Abstract

A total of 100 specimens of the European shag Phalacrocorax aristotelis
aristotelis were examined for anisakid infections in the south-east North
Atlantic. The taxonomic status of the anisakid nematodes was studied by
structural analysis using light and scanning electron microscopy. Two species,
Contracaecum septentrionale and C. rudolphii A (Nematoda: Ascaridoidea),
occurred in the European shag with high values of prevalence and mean
intensities of infection. These constitute new host records for both parasites,
widening their known geographical distribution. Although the histopathology
associated with the infections indicated that the anisakids did not have the
potential to cause bird death, the parasites are capable of contributing to and
hastening avian mortality in the case of heavily-parasitized cormorants and
when stressed by xenobiotics and/or through a synergetic effect by other
bioagressors.

Introduction

The world population of the Atlantic subspecies,
Phalacrocorax aristotelis aristotelis (Linnaeus, 1758) is
between 70,000 and 90,000 pairs. This subspecies is the
most meridian in its distribution, with an estimated
population of about 2200±2300 pairs in the Iberian
Peninsula waters (Velando et al., 1995). On the Galician
coast, Velando et al. (1995) recorded 86% of the European
shag to be from the Atlanto-Iberian Peninsula waters. As
wild seabird populations decline and interest in their
conservation increases, the importance of studies on the
impact of diseases on wildlife at a population level has
been recognized (Dobson & May, 1986; May, 1988). In
fact, large bird populations, in man-protected bird
sanctuaries, may turn these habitats into real epidemio-
topes (Kinne, 1985). The incomplete understanding of
wildlife disease epidemiology also arises from a tradi-
tional approach to investigating disease in wildlife and
the difficulties involved in collecting such information
(Plowright, 1988). A review by Grenfell & Gulland (1995)
on the impact of parasitic infectious diseases on survival
and reproduction of wild seabird populations empha-
sized that most of these studies are made without

qualitative (e.g. via pathological examination of carcasses
that are found accidentally) and/or quantitative assess-
ments.

Piscivorous seabirds are known to occupy an impor-
tant position in marine food webs, equivalent to that of
larger fish and mammals. Observations and estimations
of the order of magnitude of seabird predation on marine
fish (Sanger, 1972; Idyll, 1973; Wiens & Scott, 1975;
PreÂvost, 1976; Laws, 1977; Furness, 1978a,b, 1982; Furness
& Cooper, 1982) suggest the immense impact of seabirds
on marine ecosystems and resources. Parasites may also
play an important role in marine ecosystems by regulat-
ing or destabilizing the dynamics of wildlife seabird
populations (May, 1988; Dobson & Hudson, 1992;
McCurdy et al., 1998). Despite this, and as a consequence
of this lack of interest in seabird biology (Ainley, 1980),
their diseases and aetiological-related bioaggressors have
also received little attention (Lauckner, 1985a).

Members of the genus Contracaecum are adult
nematodes in the stomachs of seals and piscivorous
seabirds. The nematodes are acquired by feeding on
infected fish, which in turn acquire them by feeding on
other fish and crustaceans (Anderson, 1992). While the
epizootiology of species of Contracaecum in marine
mammals has received considerable attention (Dailey,
1985; Lauckner, 1985b), those species in piscivorous
seabirds have largely been neglected (Lauckner, 1985a)
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especially studies on the taxonomy, epidemiology,
pathology and life cycles. A total of 63 species within
the genus Contracaecum have been recorded from birds
worldwide (Yamaguti, 1961). Barus et al. (1978) also
noted that more than 50 species of Contracaecum occur in
fish-eating birds in the Palaearctic Region. Nevertheless,
early reports on Contracaecum species are usually difficult
to evaluate because of inadequate taxonomic descrip-
tions (Fagerholm, 1988; Fagerholm et al., 1996).

The purpose of the present study is to present some
diagnostic, demographic and pathological aspects of the
anisakid infections in the European shag, based upon
taxonomic and histological examinations.

Material and methods

A total of 100 cormorants, P. a. aristotelis, beached on
the coast of Galicia, RõÂa de Vigo during June 1996 to
December 1997, were examined for anisakid nematodes.
For taxonomic identification, parasites were removed
with forceps from semidigested food items in the
alimentary tract of the shag following the recommenda-
tions of Doster & Goater (1997).

For diagnostic morphological studies, the anisakids
were preserved in 70% ethanol, cleared in lactophenol,
and examined by light microscopy (LM), following
standard protocols (Berland, 1982; Gibson, 1984; Fager-
holm & Lovdahl, 1984). General descriptions of C.
rudolphii sensu lato and C. septentrionale were taken
from LM observations of Hartwich (1964) and Kreis
(1955), respectively. For microtopographical diagnosis
under the scanning electron microscopy (SEM), the head
and tail portions of each adult nematode were processed
by passing the material through a series of increasing
concentrations of ethanol prior to critical point drying
and then coating with gold. The number and distribution
patterns of the caudal papillae and papillae-like struc-
tures in adult males of ascaridoid nematodes were
analysed according to Fagerholm (1991). These micro-
topographic structures are recognized as valid taxonomic
characters for species identification in ascaridoid nema-
todes. Other microscopical valid taxonomic characters
were taken according to Hartwich (1974) and Gibson
(1983).

Portions of heavily-parasitized stomachs were fixed
in formaldehyde 10% for 24 h, the tissues processed by
routine methods for histopathological evaluation (Cul-
ling et al., 1985) and then stained with haematoxylin-
eosin (H-E).

Demographic parasitic values were expressed in
terms of prevalence and mean intensity of infection
following Bush et al. (1997).

Results

Parasite identification

The nematode material was assigned to two species,
C. septentrionale Kreis, 1955 and C. rudolphii A Hartwich,
1964. By LM, both species showed a triangular mouth
opening into the oesophagus, with a short rounded
ventricle, which bears a posterior appendix and an

anterior intestinal caecum. The caecum and ventricular
appendix are approximately of equal length.

Structural characterization of C. septentrionale
In both sexes, adult nematodes of C. septentrionale

show strong cuticular striations in the anterior third of
the body. Posterior to the cephalic region, the cuticle is
raised into a series of concentric grooves and folds,
forming an annulated collar. Adult worms have three
lips, without cuticular dentigerous ridges, and the
interlabiae are well developed (fig. 1A). The interlabiae,

Fig. 1. Scanning electron micrographs of adult Contracaecum
septentrionale. (A) Apical view of the cephalic region with
triradiate opening of the oesophagus, two ventrolateral lips
(vl), one dorsolateral lip (dl) and the interlabiae (il). (B) Female,
ventral view of the posterior end. (C) Male, ventrolateral view of
the posterior end with caudal papillae: distal papillae (a1±a4),
paracloacal papillae (b), proximal papillae (d) and spicules

(arrow).
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without bifurcate tips, reach four-fifths of the length of
the lips. The excretory pore is situated immediately
posterior to the ventral interlabiae. In females, the tail is
conical and pointed (fig. 1B), whereas in males, the tail is
short with a pronounced fold and sharp tip (fig. 1C). The
spicules of the male have a rounded tip. Thirty to thirty
five pairs of proximal caudal papillae arranged in two
longitudinal, single rows, two pairs of separated para-
cloacal papillae and four pairs of distal papillae are
present on the posterior end of the male (fig. 1C).

Structural characterization of C. rudolphii A
By SEM, adults of C. rudolphii A characteristically

showed three lips without cuticular dentigerous ridges,
and well developed interlabiae (fig. 2A). The interlabiae
have a trapezoidal shape. Immediately behind the lips,
transverse cuticular striae form a collar of deep folds,

except for a lateral V-shaped region devoid of striation in
the neck region. The cephalic region is slightly larger in
diameter than the collar. Rounded, papillate deirids are
present. The postanal tail is short and conical, with a
sharp tip (fig. 2B). Dorsally, on the posterior end of the
males the cuticle is striated (fig. 2C), and ventrally the
males possess numerous proximal caudal papillae
arranged in two longitudinal, single rows, two pair of
separated paracloacal papillae, four pairs of distal
papillae, and a pair of phasmids between and level
with sublateral distal papillae (fig. 2D,E).

Delimiting species
In C. rudolphii A, the distal papillae are distributed so

that they form a quadrant with the phasmid in the
middle of the two lateral distal papillae. However, in
C. septentrionale, the phasmid lies just dorsal to the

Fig. 2. Scanning electron micrographs of adult Contracaecum rudolphii A. (A) Apical view of the cephalic
region with triradiate opening of the oesophagus, two ventrolateral lips (vl), one dorsolateral lip (dl) and
the interlabiae (il). (B) Female, ventral view of the posterior end. (C) Male, dorsoventral view of the
posterior end of a male, showing the dorsal cuticular striation. (D) Male, ventral view of the posterior
end with caudal papillae: distal papillae (a1±a4), paracloacal papillae (b), proximal papillae (d) and

espicules (es). (E) Distal papillae (a1±a4), including a papillated phasmid (p).
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posterior-most lateral distal papillae. Moreover, the
papillae of C. rudolphii A have a larger diameter than
those of C. septentrionale. Under LM, the blunt distal end
of the spicule indicates that the length of the tip is at least
1.5� the total of the diameter of the spicule in the region
near the distal end for C. rudolphii A whereas for C.
septentrionale the tip of the spicule is rather short (0.4�
spicule width).

Demographic parameters

Table 1 shows the demographic parameters of
infection by anisakid nematodes in the digestive tract
of the European shag. The male:female:L4 proportion
was 10:6.6:5.0 and 10:8.3:7.5 for C. rudolphii A and C.
septentrionale, respectively. Anisakid infections were
observed in all developmental stages of the host birds,
i.e. in adult, immature and chick cormorants.

Histopathology

Larvae (L4) and adults of C. septentrionale and C.
rudolphii A were found in the oesophagus and proven-
triculus of P. a. aristotelis. The heads of the worms often
penetrated into the wall of the proventriculus, forming
tiny ulcers (1±1.5 mm) resulting in some destruction of
the proventricular lining. The anterior portions of
anisakids invaded the mucous epithelium, glandular
tissue, lamina propia and submucosa of the proventri-
culus. At the point of worm attachment, connective
tissue was observed to encapsulate the heads of
anisakids with a variable cellular infiltration. Around
the area of penetration, necrotized tissues and ulcerated-
adjacent glandular tissues were present. The space
around the nematodes frequently showed haemorrhages,
lymphocytes and eosinophilic granulocytes, host necrotic
tissues and cell debris.

In a single host with symptoms of having ingested
oil, we observed the penetration of the anisakids into the
lamina muscularis, although the parasites did not cross
the stomach wall. This individual host showed general-
ized haemorrhaging and an extensive necrosis of the
surrounding tissues.

When the nematodes detached, they left minute scars
on the stomach wall. These lesions in regression were
located in the mucous epithelium and the glandular
tissue. Histologically, the scars consisted of an amor-
phous substance surrounded by fibrin and host necrotic
tissues. In some cases, massive inflammatory responses
with heavy cellular infiltrates were also observed.

Discussion

The taxonomic validity of several species within the
genera Contracaecum has been questioned by Fagerholm
& Gibson (1987). This is not only due to the morpholo-
gical similarity of cryptic or sibling species but also to
inadequate descriptions. The application of SEM (Fager-
holm & Gibson, 1987; Fagerholm, 1991; KloÈser & PloÈtz,
1992; Hugot et al., 1991) and allozyme electrophoresis
(Nascetti et al., 1990, 1993; Orecchia et al., 1994; D'Amelio
et al., 1990, 1991; Cianchi et al., 1992), has made possible
more accurate identification of species within the genus.

Fagerholm (1991) and Fagerholm et al. (1996) demon-
strated that SEM provides a means of defining more
precisely the surface topographical features of species,
although these features should also be used in combina-
tion with traditional methods. The basic arrangement
and number of caudal papillae and papillae-like struc-
tures in adult males examined in this work were found to
be rather stable and conform well with the descriptions
of C. rudolphii sensu lato and C. septentrionale given by
Kreis (1955) and Fagerholm (1988, 1991). The above
described structures are also similar to the pattern
described for other species within this genus from
piscivorous seabirds (Fagerholm, 1988, 1991).

Otherwise, genetic studies based on allozymes have
shown that many of the genera of ascaridoid nematodes
infecting seabirds comprise several morphologically
similar but genetically distinct species (D'Amelio et al.,
1990, 1991; Cianchi et al., 1992). As formal morphological
descriptions of the various species within each genus
have yet to be completed, specific names have not been
assigned and the species have provisionally been
designated as types A, B, etc. D'Amelio et al. (1990,
1991) and Cianchi et al. (1992) found that C. rudolphii
sensu lato, parasitic in the cormorant Phalacrocorax carbo
in central and southern Europe, is composed of two
sibling species, A and B. Preliminary genetic analyses of
our specimens from the European shag examined in the
southeastern Atlantic coast have revealed that P. a.
aristotelis harbour the sibling species C. rudolphii A (E.
Abollo, unpublished data). The present study is the first
to report C. rudolphii A and C. septentrionale parasitizing
P. a. aristotelis in temperate Atlanto-Iberian waters.

Moreover, as high prevalences and intensities of
infection of P. a. aristotelis with C. rudolphii A were
recorded, it seems that this host species plays an
important role in the life cycle of the parasite. In addition,
as the demographic values of other parasitic species
within the genera Contracaecum parasitizing other sea-
birds species (e.g. Larus cachinnans, Alca torda, Uria aalge
and Fratercula arctica) in the sampling area are low (E.
Abollo, unpublished data), we can establish that C.
rudolphii A represents a major component of the
Contracaecum fauna in the area. Additionally, we may
consider the CõÂes archipelago (a LIC or special area of
conservation in the RõÂa de Vigo) as an endemiotope in the
parasite life-cycle.

Our observations suggest that the natural site of
infection of anisakids seems to be the proventriculus. The
presence of this parasite in the oesophagus may be due to
post-mortem migration of the nematode. This phenom-
enon is common for other members of anisakids

Table 1. Demographic parameters of infection by the anisakid
nematodes Contracaecum septentrionale and C. rudolphii A.

Parasite species P I A

C. septentrionale 15 (3±30) 5.80^1.92 (3±8) 0.97^2.31
C. rudolphii A 100 19.05^16.16 (1±68) 19.05^16.16

P, prevalence (%, 95% C.I.); I, mean intensity (mean ^ S.E.;
range); A, abundance (mean ^ S.E.).
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parasitizing vertebrate hosts (Abollo et al., 1998). Other-
wise, the biased sex ratio of L4 and adult nematodes in
the European shags found an excess of males of C.
rudolphii A and C. septentrionale. Our data is in agreement
with published data, which indicate the absence of a
consistent pattern in the sex ratios among species of
ascaridoid nematodes (Myers, 1957; Young & Lowe,
1969; Young, 1972; Brattey & Ni, 1992).

Similar pathology to the one observed herein has
previously been described in seabirds, primarily in
association with nematodes of the genus Contracaecum
(Fagerholm et al., 1996). However, we did not find clusters
of anisakids forming distinct ulcerated nodular lesions as
observed in the study of Fagerholm et al. (1996).

Apparently, C. septentrionale and C. rudolphii A,
although they infect their host in high numbers, may
not be the prime cause of death. Owre (1962), Huizinga
(1971) and Fagerholm et al. (1996) suggested that
Contracaecum spp. fed on gut contents rather than on
host tissue and the present observations are consistent
with this interpretation. However, destruction of the
proventricular lining has a detrimental effect on the host
(Fagerholm et al., 1996). Perhaps such cases, especially
those stressed by secondary bacterial infections and/or
xenobiotics (e.g. oil), might result in lethal peritonitis or
predilection to a variety of stresses (Fagerholm et al.,
1996). Our conclusion is that C. septentrionale and C.
rudolphii A have the potential to contribute to host
mortality. This supports the view initially postulated by
Oglesby (1960) and Fagerholm et al. (1996) for C.
micropapillatum and C. magnipapillatum, respectively,
that these nematodes are capable of contributing to and
hastening avian mortality.
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