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Abstract

Genetic and morphological studies were carried out on acanthocephalans belonging to Corynosoma Lühe,
1904 and referable to the species C. cetaceum Johnston & Best, 1942 and C. australe Johnston, 1937, which
were recovered from both definitive and intermediate hosts in Argentinian waters. The aims were to estimate
the level of genetic differentiation between the two taxa at any stage of their life-cycle, to provide genetic
(allozyme) markers for their recognition and to analyse the systematic status of both taxa. Acanthocephalans
were collected from the stomach and intestine of Arctocephalus australis (Zimmerman), the intestine of
Mirounga leonina (Linnaeus) and the stomach of Pontoporia blainvillei Gervais & D’Orbigny (definitive
hosts) in Argentinian waters. Alternative alleles at all the 13 enzymatic loci studied were observed for
C. australe and C. cetaceum. The specimens from the stomach of both P. blainvillei and A. australis were
identified, on the basis of the great number of diagnostic loci found, as C. cetaceum; those from intestine of
both A. australis and M. leonina as C. australe. A high level of genetic differentiation (DNei=¥: INei=0.00)
between the two taxa was found, suggesting a generic distinction between the two species. Cystacanths of the
two species from the body-cavity of the fish Cynoscion guatucupa (Cuvier) collected from the same geo-
graphical area were identified genetically. Morphological patterns, such as the number of hooks and hook
rows on the proboscis, the distribution of somatic and genital armature, and other morphometric and
meristic differences, in addition to ecological data, enabled the identification of these two species at cyst-
acanth, juvenile and adult stages. However, a number of morphological and morphometric features of the
Argentinian material were different to those of C. australe and C. cetaceum described from other regions of
the world.

Introduction

Corynosoma Lühe, 1904 (Acanthocephala: Poly-
morphidae) presently comprises numerous species
which utilise pinnipeds, cetaceans and fish-eating*Author for correspondence (E-mail: sardella@mdp.edu.ar)
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birds as definitive hosts, and crustaceans and fishes
as intermediate hosts (Delyamure, 1968). Despite
their wide distribution among vertebrates, the
systematic status of several species is still not
clear. Currently, there is a long list of synony-
mies and misidentifications (see e.g. Amin,
1985), including the type-species, C. strumosum
(Rudolphi, 1802) Lühe, 1904, whose description
has recently been amended (Nickol et al., 2002a).
This is probably due to two main reasons: (1) the
systematics of this genus is presently based on a
few variable morphological features (such as the
number of hook rows and of hooks per row on the
proboscis, and the distribution patterns of somatic
and genital spines) and general morphometry; and
(2) several sources of intraspecific variability
within populations of Corynosoma spp. (such as
the effect of parasite age and size, host-induced
effects and geographical influence) which migth
affect morphological features (George-Nascimento
& Marin, 1992; Aznar et al., 1999a). Similarly,
confusion has been reported between genera of the
Family Polymorphidae Meyer, 1931 (Schmidt,
1973, 1975; Amin, 1992; Aznar et al., 1999a;
Nickol et al., 1999), which arose for the same
reasons as problems at the specific level.

Records of adult Corynosoma in marine mam-
mals from the South-West Atlantic Ocean present
a similar state of taxonomic uncertanty. Indeed,
along the Argentinian coast, Morini & Boero
(1960) recorded C. otariae Morini & Boero, 1960,
based upon six specimens from the South Amer-
ican sea lion Otaria flavescens (Shaw), which was
differentiated from the original description of
C. australe Johnston, 1937 from the Australian
sea lion Neophoca cinerea (Péron) in Australian
waters (Johnston, 1937) by the similar size of the
sexes, the number of proboscis hook rows (20
instead of 18), a larger body and embriophore size,
and the distribution of the somatic armature in
both sexes. However, Zdzitowiecki (1989), com-
paring the description of Morini & Boero (1960)
with his redescription of C. australe (Zdzitowiecki,
1984a), synonymised C. otariae with C. australe
without any mention of the differences reported by
Morini & Boero (1960). Later, George-Nascimen-
to & Marin (1992) were unable to identify at the
specific level specimens from O. flavescens and the
South American fur seal Arctocephalus australis
Zimmerman on the Uruguayan coast; later
specimens from A. australis off Uruguay were

identified as C. australe by Aznar et al. (2004).
C. australe was also recently recorded from a
cetacean, the dusky dolphin Lagenorhynchus
obscurus (Gray), also from Argentinian waters
(Dans et al., 1999).

C. cetaceum has commonly been reported as a
parasite of the franciscana Pontoporia blainvillei
Gervais & D’Orbigny off the Uruguayan (Schmidt
& Dailey, 1971; Kagei et al., 1976; Aznar et al.,
1994a) and Argentinian coasts (Aznar et al.,
1994a, b), and from the short beaked common
dolphin Delphinus delphis Linnaeus off Argentina
(Aznar et al., 2002a). Unidentified species of this
genus have also been reported from P. blainvillei
(see Dailey & Brownell, 1972). A geographical
comparison of samples of C. cetaceum showed
several differences (such as the number of hooks
per row on the proboscis and the distribution
patterns of the somatic spines) between South
American and South Australian specimens (Aznar
et al., 1999a). The generic status of C. cetaceum
has also been a matter of controversy (see Schmidt
& Dailey; 1971; Smales, 1986; Aznar et al., 1999a).
This taxon was transferred to Polymorphus Lühe,
1911, due to the absence of genital spines in both
sexes, but was reinstated as C. cetaceum by Aznar
et al. (1999a); however its generic status remains
unresolved (Garcı́a-Varela et al., 2005).

Records of cystacanths belonging to Corynoso-
ma from fishes off Argentina are: C. australe (see
Zdzitowiecki, 1989; Sardella et al., 1995; Tanzola
et al., 1997; Cremonte & Sardella, 1997; Tanzola &
Guagliardo, 2000; Timi, 2003); and C. hammani
(Linstow, 1892) (see Tanzola et al., 1997; Tanzola
& Guagliardo, 2000). Unidentified cystacanths of
Corynosoma have also been reported (Szidat, 1949,
1969; Suriano, 1966; Ivanov, 1996; Sardella &
Timi, 1996; Sardella et al., 1998). From the numer-
ous reports listed above, it is clear that the
systematic status of material of Corynosoma at
the cystacanth stage in the South-West Atlantic
Ocean also remains uncertain.

On the other hand, genetic markers obtained
frommultilocus allozyme electrophoresis have been
demonstrated to be a useful tool for answering
questions related to the systematics of several
parasites and for detecting various cryptic or sibling
species, as well as establishing genetic relationships
between congeneric taxa of endoparasites (Andrews
& Chilton, 1999), including those from marine
mammals (Nascetti et al., 1986, 1993; Mattiucci
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et al., 1997, 2001, 2003). Allozyme markers have
also previously been applied to the systematics of
other acanthocephalan species (De Buron et al.,
1986; Aho et al., 1992; Väinöla et al., 1994).
Molecular-genetic studies on acanthocephalans of
the genus Corynosoma have recently been carried
out by Garcı́a-Varela et al. (2005).

In the present work, morphological and genetic
studies were carried out on acanthocephalans
referable to the morphospecies C. australe (an
uncontroversial taxon) and C. cetaceum (a prob-
lematical species) recovered from definitive and
intermediate hosts in Argentinian waters. The aims
of the study were: to estimate the level of genetic
differentiation between the two taxa at any stage
of their life-cycle, to provide genetic (allozyme)
markers for their recognition and to analyse the
systematic status of both taxa.

Materials and methods

Acanthocephalans were obtained from the follow-
ing definitive hosts: the South American fur seal
Arctocephalus australis (Zimmerman) found dead
along Claromecó beach and San Clemente del
Tuyú, Buenos Aires Province; the southern ele-
phant seal Mirounga leonina (Linnaeus) found
dead at San Clemente del Tuyú; and the francis-

cana Pontoporia blainvillei, an accidental by-catch,
at Mar del Plata (details of the collection data are
given in Table 1).

In order to avoid the use of the term ‘juvenile’
for any non-adult specimen, acanthocephalans
recovered from fish hosts are referred to as
‘cystacanths’, those worms from the definitive host
which have not reached sexual maturity are
denoted as ‘juveniles’ and mature specimens as
‘adults’.

Cystacanths were collected from eight speci-
mens of striped weakfish Cynoscion guatucupa
(Cuvier) caught by fishermen using trawl nets and
landed at the Mar del Plata harbour (Table 1).

The gastrointestinal tracts of the definitive
hosts were frozen prior to dissection and parasi-
tological examination. Acanthocephalans were
collected from the stomach and/or intestine of
their definitive hosts, washed in saline solution and
a subsample frozen in distilled water in Eppen-
dorf-like tubes, then stored at )70 �C for genetic
analysis. The same procedure was applied to living
cystacanths collected from body-cavity of fish. For
morphological analysis, thawed and living speci-
mens were extended in distilled water for several
hours prior to fixation, then fixed in 4% formal-
dehyde, stored in 70% alcohol, cleared in lactoph-
enol and examined under a light microscope. The
number of proboscis hook rows were counted
from transverse sections of the distal end of the

Table 1. Collection data for the samples of Corynosoma spp. studied from the Argentinian coast.

Hosts Collecting site Date of

collection

Nh C. australe C. cetaceum nMAE

Stomach Intes-

tine

Body-

cavity

Stomach Intes-

tine

Body-

cavity

C.

australe

C.

cetaceum

A. australis Claromecó

(38�22¢S, 60�16¢W)

September,

1999

1 – 5,231 – 47 63 – – –

A. australis San Clemente del

Tuyú

(36�30¢S, 56�20¢W)

August,

2000

1 – 150* – 6 – – 37 5

M. leonina San Clemente del

Tuyú

(36�30¢S, 56�20¢W)

August,

2000

1 – 51 – – – – 22 –

P. blainvillei Mar del

Plata

(38�08¢S, 57�32¢W)

August,

1999

1 – – – 1,961 – – – 28

C. guatucupa Mar del Plata

(38�08¢S, 57�32¢W)

May,

2000

8 – – 87 – – 74 17 17

Nh, number of hosts examined. *, not all parasites counted. nMAE, specimens studied by multilocus allozyme electrophoresis.
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proboscis mounted in apical view. General mea-
surements were taken on specimens mounted in
lateral position, as shown in Figure 1. Somatic
spines were measured on the dorsal posterior
border of the trunk armature. Drawings were
made using a drawing tube. Measurements of
embryophores are based on fully-developed
embryophores (with an identifiable acanthor in-
side). Measurements are given in millimetres,
unless otherwise indicated, as the mean followed
by range in parentheses. Only those morphological
features showing differences with previous descrip-
tions of both species are provided.

Voucher specimens are deposited in the Cole-
cción Zoologı́a Invertebrados del Museo de La
Plata (Helmintos). Corynosoma australe: 5 adult
males (Coll. No. 5405) and 5 adult females (Coll.
No. 5405) from the intestine of Arctocephalus
australis; 3 adult males (Coll. No. 5406) and 3 adult

females (Coll. No. 5406) from the intestine of
Mirounga leonina; 5 cystacanth males (Coll. No.
5407) and 5 cystacanth females (Coll. No. 5407)
from the body-cavity of Cynoscion guatucupa.
Corynosoma cetaceum: 5 adult males (Coll. No.
5408) and 5 adult females (Coll. No. 5408) from
stomach of Pontoporia blainvillei; 5 juvenile males
(Coll. No. 5409) and 5 juvenile females from
stomach and intestine of A. australis; 5 cystacanth
males (Coll. No. 5410) and 5 cystacanth females (Coll.
No.5410) fromthebody-cavityofCynoscionguatucupa.

Genetic analysis was performed on 92 acantho-
cephalans (see Table 1) as follows: 42 from
A. australis, 22 from M. leonina and 28 from
P. blainvillei. Thirty-four cystacanths from C. gua-
tucupa were also analysed. Acanthocephalans were
kept frozen at )70 �C, then transported in dry ice
to Rome for genetic analysis. Standard horizontal
starch gel electrophoresis was performed at 5 �C
and 7–9 cm V/cm for 4–5 hr, according to Mat-
tiucci et al. (1997). Single specimens were crushed
in distilled water. The following enzymes (listed by
their code number) were tested: malate dehydro-
genase (Mdh-1) E.C. 1.1.1.37; malic enzyme (Me)
E.C. 1.1.1.40; 6-phosphogluconate dehydrogenase
(6Pgdh) E.C. 1.1.1.44; glyceraldehyde-3-phosphate
dehydrogenase (Gapdh) E.C. 1.2.1.12; superoxide
dismutase (Sod-1) E.C. 1.15.1.1; aspartate amino
transferase (Aat-2) E.C. 2.6.1.1; adenylate kinase
(Adk-1) E.C. 2.7.4.3; acid phosphatase (Acph)
E.C.3.1.3.2; leucine aminopeptidase (Lap-1, Lap-
2) E.C. 3.4.11; peptidase (Leu-Leu) (Pep B) E.C.
3.4.11; peptidase Leu-Ala (Pep C-1) E.C. 3.4.11;
and glucose phosphate isomerase (Gpi) E.C.
5.3.1.9. The buffer systems and staining procedures
used were those detailed in Mattiucci et al. (1997).
Isozymes were numbered in order of decreasing
mobility from the most anodal one. Allozymes
were namedwith numbers indicating their mobility (in
mm, standardised conditions) relative to the most
common allele, designated as 100, found in a reference
population (i.e. a population of Corynosoma australe
collected from A. australis in Argentinean waters).

The statistical significance of departures from
the Hardy-Weinberg (H-W) equilibrium was esti-
mated using chi-square test (v2). The genetic diver-
gence was estimated using the following indices:
standard genetic Distance and Identity (DNei and
INei, Nei, 1972). Population genetic analysis was
performed using BIOSYS software (Swofford &
Selander, 1989).

Fig. 1. Scheme of measurements for specimens of Corynoso-
ma: a + b + c, total length; b + c, trunk length; d, ventral
fore-trunk length; e, dorsal fore-trunk length; f, ventral hind-
trunk length; g, dorsal hind-trunk length.
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Corynosoma australe Johnston, 1937

Description (Figures 2–8)

With characteristics of previous descriptions of
this species. Hooks arranged in 18–20 rows (usu-
ally 18). Each row comprises 12–14 hooks, 9–11

anterior hooks (usually 10) with well-developed,
posteriorly directed roots and 2–4 (usually 3)
small basal hooks with small, anteriorly directed
roots. Following combinations of anterior/basal
hooks were observed: 9/3, 9/4, 10/2, 10/3, 10/4, 11/
2 and 11/3, usually 10/3. Up to 4 different
combinations were recorded in single individual.

Figures 2–8. Corynosoma australe Johnston, 1937, adults from the stomach of Arctocephalus australis. 2. Detail of the proboscis,
lateral view. 3. Detail of the proboscis showing 19 rows of hooks, apical view. 4. Embryophore. 5. Posterior end of female showing
genital spines, lateral view. 6. Posterior end of female showing genital spines, apical view. 7. Posterior end of male showing genital
spines, lateral view. 8. Posterior end of male showing genital spines, apical view.
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Cystacanths from fish hosts with characteristics of
adults, but smaller in size, although proboscis is
almost of same size as adults; with developing
genitalia. Measurements are given in Table 2.

Male (based on 12 adults and 6 cystacanths).
Ventrally somatic armature covers 80.2 (77.7–
88.3)% of trunk length in adults and 80.8 (78–
83.5)% in cystacanths. Genital opening surrounded
by 3 irregular rows of 18–34 triangular genital
spines, larger than somatic spines.

Female (based on 10 adults and 6 cystacanths).
Ventrally somatic armature covers 89.2 (84.6–
100)% of trunk length in adults and 87.4 (85–
89)% in cystacanths. Genital opening surrounded

by irregular rows of 18–35 triangular genital spines
shifted to ventral side, shorter and wider than
somatic spines and smaller than those of males.
In some specimens genital and somatic spines
are contiguous in ventral region but clearly
distinguishable.

New definitive host: Mirounga leonina Linnaeus.
New intermediate host: Cynoscion guatucupa
(Cuvier).
New localities: Mar del Plata (38�08¢S, 57�32¢W)
and San Clemente del Tuyú (36�30¢S, 56�20¢W),
Argentina.

Corynosoma cetaceum Johnston & Best, 1942

Syn. Polymorphus arctocephali Smales, 1986

Table 2. Measurements (mm) of Corynosoma australis from Arctocephalus australis and Cynoscion guatucupa.

Host A. australis C. guatucupa

male (n = 12) female (n = 10) male (n = 6) female (n = 6)

Total length 4.60 (4.20–5.40) 4.91(4.22–5.50) 2.82 (2.56–3.18) 3.20 (3.02–3.42)

Maximum width 1.43 (1.30–1.62) 1.59 (1.34–1.90) 0.85 (0.76–0.96) 0.94 (0.80–1.14)

Proboscis length 0.63 (0.58–0.72) 0.68 (0.60–0.74) 0.63 (0.58–0.68) 0.67 (0.60–0.74)

Proboscis width 0.22 (0.21–0.24) 0.23 (0.22–0.25) 0.21 (0.18–0.23) 0.22 (0.15–0.28)

Neck length 0.19 (0.16–0.24) 0.20 (0.15–0.26) 0.22 (0.19–0.24) 0.23 (0.20–0.27)

Neck maximum width 0.40 (0.36–0.46) 0.44 (0.38–0.50) 0.34 (0.26–0.42) 0.31 (0.26–0.42)

Trunk length 3.69 (3.42–4.30) 3.94 (3.30–4.66) 1.87 (1.64–2.18) 2.30 (2.18–2.42)

Fore-trunk ventral length 1.62 (1.40–1.90) 1.77 (1.38–2.30) 1.06 (0.96–1.14) 1.18 (0.90–1.48)

Fore-trunk dorsal length 2.21 (2.00–2.60) 2.41 (1.94–3.00) 1.29 (1.14–1.40) 1.40 (1.10–1.60)

Hind-trunk ventral length 1.90 (1.67–2.16) 1.93 (1.72–2.26) 0.88 (0.82–0.98) 1.11 (0.86–1.44)

Hind-trunk dorsal length 1.51 (1.30–1.78) 1.47(1.20–1.66) 0.74 (0.60–0.82) 0.89 (0.74–0.96)

Hind-trunk width at mid-length 0.55 (0.50–0.62) 0.72 (0.58–0.86) 0.37 (0.30–0.42) 0.43 (0.34–0.54)

Somatic spine length* 40 (30–50) 40 (36–46) 38 (31–42) 43 (40–46)

Somatic spine width* 8 (6–10) 9 (6–10) 7 (6–7) 8

Genital spine length* 45 (42–48) 31 (25–38) 46 (44–48) 36 (31–40)

Genital spine width* 22 (17–29) 11 (8–15) 25 (21–27) 9 (8–10)

Proboscis receptacle length 0.82 (0.74–0.92) 0.94 (0.84–1.04) 0.93 (0.86–1.02) 1.20 (1.10–1.30)

Proboscis receptacle width 0.16 (0.14–0.20) 0.18 (0.16–0.20) 0.21 (0.16–0.26) 0.20 (0.14–0.28)

Lemnisc length 0.67 (0.56–0.74) 0.69 (0.56–0.80) 0.47 (0.38–0.56) 0.47 (0.40–0.56)

Lemnisc width 0.47 (0.42–0.52) 0.49 (0.36–0.60) 0.27 (0.24–0.30) 0.27 (0.20–0.32)

Right testis length 0.54 (0.44–0.70) – 0.12 (0.10–0.14) –

Right testis width 0.34 (0.26–0.42) – 0.09 (0.08–0.12) –

Left testis length 0.54 (0.40–0.66) – 0.11 (0.10–0.14) –

Left testis width 0.34 (0.28–0.42) – 0.09 (0.08–0.12) –

Everted bursa length 0.57 (0.42–0.72) – – –

Everted bursa width 0.56 (0.52–0.62) – – –

Embryophore length* – 103 (92–115) – –

Embryophore width* – 33 (27–42) – –

*In micrometres.
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Description (Figures 9–15)

With characteristics of previous descriptions of
this species. Hooks arranged in 20–21 rows (usu-
ally 20). Each row comprises 13–15 hooks, 11–13
anterior ones (usually 12) with well-developed,
anteriorly directed roots and 2–3 (usually 2) small
basal hooks with small, posteriorly directed roots.
Following combinations of anterior/basal hooks
were observed: 11/2, 11/3, 12/2, 12/3 and 13/2
(usually 12/2). Up to 3 different combinations of
anterior/basal hooks were recorded in single
specimen.

Genital armature absent in both sexes. All
specimens from A. australis smaller than those
from P. blainvillei and immature, especially obvi-
ous in females, whose embryophores were not
observed. Cystacanths from fish hosts with char-
acteristics of adults, but smaller in size, although
proboscis is almost of same size, with developing
genitalia. Measurements are given in Table 3.

Male (based on 6 adults from P. blainvillei, 6
juveniles from A. australis and 6 cystacanths from
C. guatucupa). Somatic armature covers 71.5
(65.8–75.2)% of trunk length ventrally in adults,
69.1 (63.6–74.6)% in juveniles and 71 (57.5–
77.1)%. Genital opening devoid of spines.

Female (based on 6 adults from P. blainvillei, 6
juveniles from A. australis and 6 cystacanths from
C. guatucupa). Somatic armature covers 95.2
(93.9–96.5)% of trunk length ventrally in adults,
96.8 (96–97.4)% in juveniles and 94.9 (94.3–
95.8)% in cystacanths. Ventrally trunk exhibits 2
transverse folds delimiting blunt lobe between
fore- and hind-trunks. In most specimens, at level
of both transverse folds, ventral somatic armature
is interrupted by 2 fields devoid of spines, or less
frequently having smaller spines, situated at 43.5
(34.8–48.8)% and 61.6 (52.2–68.3)% of trunk
length, respectively, in adults; in juveniles these
percentages were 49.1 (47.1–52.6)% and 65 (63.6–

Figures 9–10. Corynosoma cetaceum Johnston & Best, 1942, cystacanths from the body-cavity of Cynoscion guatucupa. 9. Male,
lateral view. 10. Female, lateral view.
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66.5)%; in cystacanths were 48.4 (43.2–52)% and
64.4 (55.5–70.9)%. In some specimens these
unarmed fields are only ventrolateral and narrow
continuous ventral field of spines is observed along
entire trunk. Genital opening devoid of spines.

New definitive host: Arctocephalus australis
(Zimmerman).
New intermediate host: Cynoscion guatucupa
(Cuvier).
New localities: Mar del Plata (38�08¢S, 57�32¢W)
and San Clemente del Tuyú (36�30¢S, 56�20¢W),
Argentina.

Genetic differentiation between Corynosoma
australe and C. cetaceum and allozyme markers

for their identification

The alleles found and their frequencies observed in
the populations of C. australe and C. cetaceum
analysed are reported in Table 4. Most of the

enzymatic loci examined were found to be
monomorphic in both species. Some enzyme loci
(i.e. Lap-1, Pep B, Pep C-1) were found to be
polymorphic in C. cetaceum with no statistically
significant departure from the H-W equilibrium.
Genetic homogeneity was also found within
C. australe, despite its occurrence in two different
definitive hosts, A. australis and M. leonina. In
C. australe, the enzyme loci 6-Pgdh and Lap-1
were observed to be polymorphic (Table 4) with-
out statistically significant departures from the
H-W equilibrium. Alternative alleles at all the 13
enzymatic loci studied were observed between
C. australe, from the intestine of A. australis, and
C. cetaceum, from the stomach of P. blainvillei.

In addition, electrophoretic migration at the
locus Acph was found to be anodal in C. cetaceum
but cathodal in C. australe. Nei’s standard genetic
Distance and Identity values between the two
species were found to be DNei=¥ (INei=0.00),
respectively. Indeed, no alleles were shared by
C. australe and C. cetaceum at any of the studied

Figures 11–15. Corynosoma cetaceum Johnston & Best, 1942. 11. Detail of the proboscis, lateral view.12. Detail of the proboscis
showing 20 rows of hooks, apical view. 13. Embryophore. 14. ventral trunk of female showing somatic spines, lateral view. 15.
Posterior end of female showing somatic spines near the genital opening, similar in shape and size to the anterior spines, lateral
view.
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loci. On the other hand, a low value of genetic
distance was found between populations ofC. aust-
rale from the two definitive hosts (DNei=0.01).
The corresponding interpopulational genetic
diversity in this taxon was Fst=0.03.

A similar level of genetic variability, based on the
13 enzyme loci, for the parameter He was found in
both species (Table 4). The percentage of polymor-
phic loci, according to the 0.99 criterion, resulted
P99=0.15 inC. australe andP99=0.23 inC. cetaceum.

All of the specimens collected from the intestine
of both A. australis and M. leonina were found to
correspond to C. australe. While, the 28 acantho-
cephalan specimens recovered from the stomach of
P. blainvillei were identified genetically as
C. cetaceum. Moreover, the few individuals
collected from the stomach of one specimen of
A. australis were also found to correspond to
C. cetaceum. Furthermore, cystacanths recovered
from the fish C. guatucupa were identified genet-
ically; of the 34 cystacanths tested, 17 corre-
sponded to C. australe and 17 to C. cetaceum.

Discussion

The specific status of Corynosoma australe and
C. cetaceum in the Southwestern Atlantic Ocean

The original description of C. australe by Johnston
(1937) was brief and a number of external and

internal features were not included. According
Smales (1986), the type-specimens were incom-
pletely extended and the internal features black-
ened. Therefore, for comparative purposes,
measurements for the Australian material were
taken from redescription given by Smales (1986).
Comparisons of the specimens studied herein with
previous descriptions of adult specimens of
C. australe from Australia (Smales, 1986), the
Antarctic (Zdzitowiecki, 1984a) and Uruguay
(Morini & Boero, 1960), as well as of cystacanths
from Brazil (Pereira & Neves, 1993; Knoff et al.,
2001), showed that most morphometric character-
istics are relatively uniform; nevertheless, Argen-
tinian and Uruguayan adult specimens have a
larger embryophore and body size, and 18 to 20
hook rows on the proboscis. Embryophores from
the present study were markedly larger (almost
outside the reported ranges) than those given in
other papers, including those parasites from the
same host species given by Morini & Boero (1960).

George-Nascimento & Marı́n (1992) found
adult specimens of Corynosoma sp. in Otaria
byronia (=O. flavescens) and in A. australis from
Uruguay. These authors observed morphometric
differences between parasites from both host
species, although they considered that they belong
to the same species and that the size variability is a
consequence of host-induced effects, suggesting
that A. australis is the most suitable host species.

Table 4. Characteristic alleles, with their frequencies (in parenthesis), at 13 enzymatic loci studied in Corynosoma australe in rela-
tion to C. cetaceum.

Locus C. australe C. cetaceum

Mdh-1 100 (1.00) 90 (1.00)

Me 100 (1.00) 110 (1.00)

6Pgdh 100 (0.82), 93 (0.13), 105 (0.05) 80 (1.00)

Gapdh 100 (1.00) 115 (1.00)

Sod-1 100 (1.00) 80 (1.00)

Aat-2 100 (1.00) 107 (1.00)

Adk-1 100 (1.00) 110 (1.00)

Lap-1 100 (0.96), 93 (0.04) 85 (0.97), 80 (0.03)

Lap-2 100 (1.00) 95 (1.00)

Acph 100 (1.00) 115 (1.00)

Pep B 100 (1.00) 90 (0.90), 85 (0.10)

Pep C-1 100 (1.00) 95 (0.96), 85 (0.03), 105 (0.01)

Gpi 100 (1.00) 105 (1.00)

He 0.029 (±0.08) 0.024 (±0.05)

The sign ‘‘)’’ indicates cathodal migration.
He, Expected mean heterozygosity per locus.
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They also postulated that parasites partly agreed
with either C. australe or C. pseudohammani
Zdzitowiecki, 1984. However, some of the mor-
phometric (i.e. lemnisci larger than the proboscis
receptacle, proboscis width) and meristic (number
of hooks per row on the proboscis) characteristics
given by George-Nascimento & Marı́n (1992)
do not coincide with either C. australe or
C. pseudohammani (see Zdzitowiecki, 1984b; pres-
ent study). Taking into account the fact that
C. australe is found in the same host species and in
the proximity of the study areas (Argentina and
Uruguay) (Aznar et al., 2004; present study),
George-Nascimento & Marı́n’s parasites probably
belonged to C. australe.

Specimens of C. cetaceum examined in the
present paper agree in general terms with the
characteristics that define the species; however,
some differences in the number of proboscis hook
rows (20–21 versus 18–9) and in the number of
hooks per row (13–15 versus 12–13 or 14–16) were
observed. The ventrally transverse folds delimiting
a blunt lobe between the fore- and hind-trunks in
the female, described by Aznar et al. (1999b,
2002b), were also observed in cystacanths in the
present study.

Comparisons of samples of C. cetaceum on a
large geographical scale showed a high level of
variability between Southwestern Atlantic and
South Australian populations, which were
grouped into two well-defined clusters by Principal
Component Analysis (Aznar et al., 1999a). In
particular, these authors observed a smaller num-
ber of hooks per row, a different pattern of
somatic spines in females and a tendency for the
genital pore to be subterminal in some South
American specimens.

C. cetaceum was also found in A. australis, but
all specimens were smaller than those from
P. blainvillei and all were juveniles without eggs.
This species typically inhabits the stomach of its
definitive cetacean hosts (Aznar et al., 2001), but in
A. australis it was also found parasitising the
intestine. A. australis appears to be an unsuitable
or accidental host for C. cetaceum in the study
area. Similarly, this parasite has been found in
juvenile form in A. pusillus doriferus from
Australia (Smales, 1986; Aznar et al., 1999a).

Regarding the life-cycle of C. cetaceum, and as
pointed out by Aznar et al. (1999a), fish are a
likely necessary component of their life-cycle,

given the feeding habits of their mammalian hosts.
In the present paper, the presence of cystacanths of
this species in fish is confirmed by both morpho-
logical and allozyme evidence, and their first
description is provided.

Genetic comparisons with further populations
from different geographical areas will enable an
assessment of whether the genetic homogeneity
observed within samples of C. australe and
C. cetaceum from Argentina is constant over a
large geographical range.

The generic status of Corynosoma cetaceum

Corynosoma cetaceum was first described from the
common dolphin Delphinus delphis and from the
bottlenose dolphin Tursiops truncatus in Austra-
lian waters (Johnston & Best, 1942). These authors
included it in Polymorphus due to the absence of
genital spines in both sexes, which is the only
criterion separating Corynosoma Lühe, 1904 from
Polymorphus Lühe, 1911 (see Schmidt & Dailey,
1971). However, the presence of six cement-glands
(instead of four) is an additional criterion for
separating C. cetaceum from typical species of
Polymorphus. This feature was discussed by
Smales (1986), who found that, due to the number
of cement-glands, C. cetaceum (as P. cetaceum)
falls within Hexaglandula Petrochenko, 1950,
rather than in Polymorphus (according to the key
proposed by Schmidt, 1973). Hexaglandula was
later synonymised with Polymorphus by Amin
(1992), but this has not been accepted by other
authors (see Nickol et al., 2002b).

As stated by Aznar et al. (1999a), the concept of
genital spines is problematical, due to its ambiguous
definition with respect to somatic spines. Therefore,
using a less restricted definition of a genital spine,
P. cetaceum was retained as C. cetaceum by Aznar
et al. (1999a) and sustained by Aznar et al. (2002a).
This problem appears to arise from the definition of
a genital spine based only on its position relative to
the genital opening (see Aznar et al., 1999a) and
without consideration of genital and somatic spine
morphology. Females of C. cetaceum bear spines in
the vicinity of the genital pore, which are identical
to the somatic spines, whereas in C. australe genital
spines are stout, triangular and clearly discernable
in both sexes. Therefore, C. cetaceum lacks genital
spines (sensu stricto). In a recent paper, Aznar et al.
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(2002a) found one of 80 males of C. cetaceum from
two specimens of D. delphis off Patagonia as having
two small spines adjacent to the genital pore and
isolated from the somatic spines; they stated that
this finding confirmed the reassignment of C.
cetaceum to Corynosoma (see Aznar et al., 1999a).
However, the presence of only one male having
genital spines in over 3,000 males examined from
different host in several regions (Aznar et al., 2002a)
suggests that it cannot be taken as a reliable
diagnostic feature at the generic level. This, how-
ever, does not preclude C. cetaceum from Coryno-
soma, because some species from marine mammals,
which lack genital spines in both sexes, are included
within Corynosoma, e.g. C. falcatum Van Cleave,
1953, C. sudsuche Belopolskaja, 1959 and C.
septentrionalis Treshtchev, 1966 (see Aznar et al.,
1999a).

Despite the evidence relating to both the genital
spine definition and the number of cement-glands,
the discrimination between Corynosoma and Poly-
morphus remains controversial and further revi-
sion is required, specifically for C. cetaceum. In
fact, Smales (1986) stated that the combination of
characters found in C. cetaceum does not agree
with any of the generic diagnoses proposed by
Schmidt (1973, 1975). Furthermore, and despite of
the morphological similarity that this species
shares with most species of Corynosoma that use
marine mammals and fish as definitive and
paratenic hosts, respectively, most species of Co-
rynosoma mature in pinnipeds, whereas C. cetace-
um parasitises cetaceans. On the other hand,
typical species of Polymorphus exhibit a freshwater
cycle with crustaceans as intermediate hosts and
waterfowl as the normal definitive hosts, but do
not use fish as paratenic hosts (Aznar et al.,
1999a).

Nickol et al. (1999) concluded that, for poly-
morphid genera, the occurrence in different groups
of crustacean intermediate hosts implies substan-
tial life-history differences and justifies differenti-
ation at the generic level. Perhaps this criterion can
also be applied to the use of definitive hosts
(pinnipeds for most Corynosoma spp. maturing in
mammals and cetaceans for C. cetaceum). In this
sense, Hexaglandula, which has six cement-glands
as C. cetaceum, parasitises decapod crustaceans,
fish and birds as intermediate, paratenic and
definitive hosts, respectively, and, according
Nickol et al. (2002b), must be retained as a valid

genus; therefore, C. cetaceum is excluded from
Hexaglandula.

Allozyme studies have indicated a high genetic
divergence between C. australe and C. cetaceum,
suggesting a generic distinction between them.
Similarly, Garcı́a-Varela et al. (2005) inferred the
phylogenetic relationships between 10 nominal
species of Corynosoma (including C. australe and
C. cetaceum) based on the analysis of the internal
transcribed spacer and 5.8S ribosomal RNA
sequences. These authors found that C. cetaceum
appeared to be the sister taxon of all other species
of Corynosoma. However, they could not resolved
the generic status of this species because of the
relatively limited taxa sampled. They also sug-
gested that the genital spines could be a homo-
plastic character (Aznar, pers. comm.). The high
genetic differentiation here inferred from other
nuclear markers (allozymes), of C. cetaceum with
respect to a species from pinnipeds, C. australe,
appears to confirm this finding, and that the
presence of genital spines could only be an
adaptative character of limited phylogenetic value.

Indeed, the high genetic heterogeneity found
within Corynosoma and the high genetic
differentiation observed between C. australe and
C. cetaceum in the present study are at the same
level as that found, using the same genetic mark-
ers, between two congeneric acanthocephalans, the
marine Echinorhynchus gadi Zoega in Müller, 1776
and the brackish-water E. salmonis Müller, 1784,
(I=0.00) (Väinöla et al., 1994). Similarly, a very
high genetic divergence was also reported between
species of anisakid nematodes of the genus
Contracaecum Railliet & Henry, 1913, whose
definitive hosts are pinnipeds, with respect to
species of the same genus that use fish-eating birds
as definitive hosts (Nascetti et al., 1990) and which
exhibit the same morphological characters at the
generic level.

Further extensive studies, including other spe-
cies of Corynosoma from other hosts and geo-
graphical areas are needed to determine whether
C. cetaceum should be retained as a member of
Corynosoma.
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