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Sproston, 1948) (Monogenea) from South Africa
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Pseudodactylogyrus anguillae is a monogenean parasite of anguillid eels that is thought to have
Pacific origins. Recent identification of Pseudodactylogyrus in Europe and America has been
attributed to human-mediated introductions. Here we report the first confirmed incidence of
P anguillae in South Africa and discuss whether it is a natural parasite of South African eels or

an introduced exotic.
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INTRODUCTION

The first recorded mention of Pseudodactylogyrus
anguillae (Yin & Sproston, 1948) was provided by
Kikuchi (1929), who described Dactylogyrus bini
Kikuchi, 1929 from Anguilla japonica Temminck &
Schlegel, 1847 in Japan. In this report Kikuchi also
made reference to another similar monogenean
that possessed larger hamuli, but provided no
description for the latter specimen. Yin & Sproston
(1948) recovered two similar monogenean species
from A. japonica in China, and reassigned D. bini as
Neodactylogyrus bini (Kikuchi, 1929), publishing
information on the previously undescribed
species as Neodactylogyrus anguillae Yin & Sproston,
1948. Based on studies of gill monogeneans from
the eel Anguilla reinhardti Steindachner, 1867
caught in Australia, Gussev (1965) erected the
genus Pseudodactylogyrus and transferred both
N. bini and N. anguillae to this genus.

Anguilla japonica is generally regarded as the
natural host for P, anguillae as it has a Pacific distri-
bution that directly coincides with the generally
accepted distribution range for P. anguillae
(Buchmann et al. 1987, Hayward et al. 2001a).
Pseudodactylogyrus anguillae infections of Anguilla
anguilla have also been recorded from Japan,
China and Taiwan (Kikuchi 1929; Yin & Sproston
1948; Ogawa & Egusa 1976; Chan & Wu 1984;
Chung et al. 1984) as well as from localities
throughout Europe (Buchmann 1997). Various re-
cords of P. anguillae infecting A. japonica also exist
from localities outside its accepted natural distri-
bution range within Europe. These infections are
generally explained by the active introduction of
P. anguillae via the movement of both eel species
for culture purposes into Europe from the East
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and vice versa. Although some authors maintain
that Europe cannot be excluded from the natural
distribution range of P. anguillae (Nie & Kennedy
1991; Marcogliese & Cone 1993), it is generally
accepted that this parasite is exotic to Europe and
not a natural parasite of A. anguillae. Other records
of this parasite from other localities and anguillid
hosts suggest that although P. anguillae is specific
to anguillid eels, it does not exhibit strict species
specificity. Marcogliese & Cone (1993) reported
P. anguillae from Anguilla rostrata (Le Sueur, 1817)
in North America and proposed that as their find-
ings were rare and fragmented, P. anguillae was
possibly an indigenous species to this region.
However, according to Buchmann (1997) and
Hayward et al. (2001a), these occurrences can be
explained by the accidental introduction to North
America from either Europe or the Pacific.

A recent discovery of a Pseudodactylogyrus sp.
from Anguilla mossambica (Peters, 1852) in South
Africa represents the first record of a pseudo-
dactylogyrid from South Africa and the second
from the African continent. The first African
record was that of El Naggar et al. (1993). Includ-
ing the record of P. anguillae from A. bicolor
McClelland, 1844 in Indonesia (Buchmann 1997),
this discovery also represents the second record
of this species in the southern hemisphere. The
discovery of P. anguillae on A. mossambica in the
absence of any data regarding introductions of
this parasite or its potential hosts to South Africa
raises questions regarding the origin and natural
distribution of this parasite and whether this new
distribution record is a result of a recent introduc-
tion or whether itin fact is a natural distribution of
the parasite.

Pseudodactylogyrus anguillae is presumed to be
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specific to the genus Anguilla, a genus of freshwa-
ter eel comprising 15 species and three subspecies
(Aoyama et al. 2001). Five species have been re-
ported from South African waters, although one of
these records (A. obscura Giinther, 1871) is based
on asingle observation (Froese & Pauly 2003). Two
of the species (A. mossambica and A. bengalensis
labiata Peters, 1852) are found predominantly in
the Indian Ocean from east Africa to Mauritius,
while the other two (A. marmorata Quoy &
Gaimard, 1824 and A. bicolor bicolor McClelland,
1844) have a wider distribution throughout the
Indo-Pacific (Froese & Pauly 2003).

In this paper we use classical morphological
comparisons and genetic data to determine the
taxonomic affinities of the Pseudodactylogyrus
species found on A. mossambicus and provide
discussion as to its potential origin.

MATERIALS & METHODS

Sampling

Anguilla mossambica glass eels were collected for
culture purposes from various water bodies
between the Fish and Buffalo Rivers in the Eastern
Cape, South Africa and later transported to an
experimental culture facility in Stellenbosch,
South Africa. Subsequent to the arrival of the eels
at the culture facility, periodic mortalities were
experienced and five moribund eels were eutha-
nased and examined for parasites. These samples
all revealed excessively high numbers of gill flukes
later identified as P. anguillae. Parasites were fixed
in situ on the gills in 96% ethanol and were subse-
quently removed for both molecular and morpho-
logical analysis.

Morphology

Individual parasites were removed from the gill
tissue and mounted in ammonium picrate-
glycerine and were used for observation, drawing
and measurement of sclerotized structures.
Haptoral sclerites were drawn using a LEICA DM
LS compound microscope fitted with a drawing
tube and measured using LIDA image analysis
software for LEICA. The point-to-point morpho-
metric measurements on the haptoral sclerites
were made from images grabbed using a JVC
TK 1280E colour digital video camera mounted on
the compound microscope. The measurements
were done according to Iwashita ef al. (2002) and
are expressed in micrometres and given in Table 1
as the mean = standard deviation followed by the
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range in brackets. Only the measurements of the
sclerotized structures of the current population
were compared to that of other populations of
P. anguillae as reported by other authors (Table 1),
as non- sclerotized structures have been shown to
distort due to preparation method and coverslip
pressure (Buchmann et al. 1987).

DNA extraction, PCR and sequence analysis

An individual Pseudodactylogyrus specimen was
placed in 300 ul STE with SDS 2% and Protease K
(0.3 mg/ml) and incubated at 55°C for 16 hours.
Genomic DNA was extracted using standard
phenol-chloroform and ethanol precipitation
methods (Sambrook et al. 2000). The ITS regions,
the 5.85 and part of the 185 rRNA gene were am-
plified with 0.5 uM rRNA ITS primers PD-ITS-450F
and PD-ITS-R (Hayward et al. 2001a). Amplifica-
tion was catalysed with Promega Taq polymerase
and 3 mM MgCI2. The amplification conditions
were as follows: 94°C, 5 minutes; (94°C, 1 min,
50°C, 45 sec; 72°C, 1 min) for 30 cycles; 72°C, 10 min.
Amplified products were purified using GFX®
PCR Purification Kit and sequenced with the am-
plification primers. Sequences were blasted
against the database (http://www.ncbi.nlm.nih.
gov/blast) and aligned to sequences from the NCBI
database using Bioedit. Partial ITS2 sequences
were compared by eye to published sequences of
P. anguillae and P, bini (Hayward et al. 2001a).

RESULTS

Pseudodactylogyrus anguillae (Yin &
Sproston 1984)

Host. Anguilla mossambica wild caught as glass
eels from Eastern Cape, South Africa and kept in
experimental eel farm ponds, Stellenbosch, South
Africa.

Site of infection. Gills

Material examined. Detailed morphometric mea-
surements and drawings from 10 specimens
mounted in ammonium picrate-glycerine (Table 1,
Fig. 1).

Remarks. Pseudodactylogyrus anguillae is reported
from South Africa for the first time. General mor-
phology and measurements of the respective
sclerites (Fig. 1) of the South African population
did not differ significantly from those published
for populations of this species in Asia and the
United States confirming their identification as
P. anguillae (Table 1).

DNA sequence. An alignment of 340 bp of ITS1
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Table 1. Morphological measurements (in micrometres) of Pseudodactylogyrus anguillae from Anguilla mossambica
from South Africa compared to other populations.

Measurement P, anguillae P, anguillae P, anguillae® P, anguillae
Mean + S.D. (range) Iwashita et al. Ogawa & Egusa Hayward et al.
(n=10) (2002) (1976) (2001a)
Penis
Length 130.4 £ 5.9 (126-135) 130 (110-160) - -
Width 1.4+£0.2(1-2) 1(1) - -
Accessory piece
Length 39.6 + 0.6 (39-40) 35 (31-40) 28-42 -
Vagina
Length 20.9 £ 2.4 (19-23) 24 (19-27) - -
Hamulus
Total length 113.5 £ 3.4 (110-119) 99 (94-105) 100-125 99-116
Length without 95.9 + 3.4 (92-100) 87 (81-91) 86-105 88-100
foldable part
Shaft length 77.3 £ 3.7 (73-81) 73 (69-77) 60-84 71-81
Outer root 9.9+ 1.6 (8-12) 6 (5-9) 7-14 6-10
Length of foldable 471 + 3.8 (42-51) 35 (30-41) 35-49 38-42
part of inner root
Inner root 69.1 + 3.4 (65-74) 51 (43-58) 54-77 55-65
Tip length 30.4 £ 2.5 (27-33) 29 (26-31) 28-34 31-35
Width of hamulus 72.9 + 2.6 (70-76) 68 (64-72) - -

Hamulus ratio 1.30 £ 0.02 (1.28-1.33)  1.29 (1.25-1.32) - -

Dorsal bar
Length 55.6 + 4.3 (51-60) 50 (44-53) 40-64 -
Width 12.3 +2.6 (9-15) 9(8-12) - -
Marginal hooklet
Length 16.5+ 0.6 (16-17) 16 (15—-17) 14-17 -

#Combined data of P. anguillae and P. microrchis according to Iwashita et al. 2002.

from our sample and two Pseudodactylogyrus se-  sequence (AJ490163) by 10 bp. A 370 bp fragment
quences from the database demonstrated that our  of the ITS2 region of our sequence was identical to
sequence was 100% identical to the P. anguillae  P. anguillae sequences YA11l, USPA2 and USPA3,
sequence (AJ490163), but differed from P. bini but differed from P. anguillae USPA1/USPA4 by

Fig. 1. Sclerotized structures of Pseudodactylogyrus anquillae from Anguilla mossambica from South Africa.
a, Hamuli and dorsal bar; b, marginal hooklet; ¢, male copulatory organ (cirrus and accessory piece).
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Fig. 2. Map indicating the location of all confirmed Pseudodactylogyrus anguillae records and the potential overlap of

the Anguilla spp. for which spawning site data are known.

one base pair and differed from P. bini sequences
by 5-10bases (Hayward et al. 2001a). A 870 bp frag-
ment of the ITS, 5.85 and 18S rRNA genes of the
South African Pseudodactylogyrus anguillae was
submitted to Genbank (Acc. No: AY844961).

Distribution. Figure 2is a map indicating the loca-
tion of all confirmed P. anguillae records and the
potential overlap of the Anguilla spp. for which
spawning site data are known.

DISCUSSION

Both classical and genetic evidence demonstrate
that the parasite found on A. mossambica is
Pseudodactylogyrus anguillae and is closely related,
if not identical, to P. anguillae found elsewhere in
the world. This is therefore the second confirmed
record of P. anguillae in the Southern Hemisphere.
Buchmann (1997) recorded the only other report
of P. anguillae from Anguilla bicolor in Indonesia and
although Gussev (1965) reported this species from
Australia, Hayward et al. (2001a) questioned the
validity of this diagnosis and as such the Austra-
lian population remains in question.

New records of P. anguillae elsewhere in the
world have been attributed to recent introduc-
tions via the eel trade and possibly by transport in

ballast waters (Hayward et al. 2001a; Buchmann
1997). Although recent introduction of P. anguillae
to fresh or marine ecosystems may account for its
presence in the Eastern Cape, it is possible that
South Africa falls within the natural distribution
range of this species. Here we examine the evi-
dence supporting each of these scenarios.

Recent introduction

Freshwater

The easiest way for P. anguillae to move between
continents would be for their adult hosts to be
introduced from one continent to another into the
freshwater system, by human intervention. It is
generally accepted that P. anguillae was introduced
into new habitats by transporting infected fish
between different ports of the world for aqua-
culture purposes (Buchmann 1997); however,
there is no documented evidence of exotic eels
being introduced to South Africa via aquaculture
or the ornamental fish trade, but unregulated
introductions may have occurred. Anguillid eels
are often difficult to distinguish and exotic species
may have gone undetected in South African river
systems. If exotic eels were introduced to South
Africa carrying P. anguillae, it is expected that they



Christison & Baker: First record of Pseudodactylogyrus anguillae (Monogenea) from South Africa

would be host to P. bini as well. There have been no
records of P. bini in South Africa. Neither species
has been reported from wild eels and hence no
comment can be made regarding the presence or
absence of these species from any South African
river systems. Secondly, on the North American
continent P. anguillae was discovered nine years
before P. bini, firm conclusions cannot be drawn
from their apparent absence.

Marine

A number of foreign introductions have been
attributed to the movement of ballast water. Cone
et al. (1994) reported on the introduction of
Dactylogyrus amphibothrium to North America by
the discharge of infected European ruffe (Gymno-
cephalus cernuus) in ship ballast waters. The possi-
bility of the mediated transport of Gyrodactylus
anguillze from Asia to Australia has also been
acknowledged by Haward et. al. 2001b. Buchmann
(1997) suggested a similar explanation could be
offered for the presence of at least Pseudodactylo-
gyrus anguillaein North America, as infected elvers
could easily be transported in ship ballast from
Europe or Japan. Support is added to this trans-
mission hypothesis by the report of Anguilla
anguilla present in ship ballast (Gollasch 2002) and
consequently infected exotic anguillids may have
been transported to South Africa via this route.
There is a single record of Anguilla obscura from a
tributary of the Buffalo River, near King William's
Town in South Africa (Froese & Pauly 2003). This
species typically has a Pacific distribution and it is
not known whether this record is the result of a
natural invasion or one mediated by ballast water
or other means. If foreign eels were introduced to
South African waters, but did not survive, there is
still a strong possibility that their parasites could
be transmitted to local anguillid species.

Natural distribution

Although P. anguillae has only just been discov-
ered in South Africa, its presence here may be
ancient and may have been previously over-
looked. The lack of variation of morphology and
ITS DNA sequences between individuals collected
in South Africa, America and Japan can be used as
evidence to support both recent translocation and
natural distribution, provided that there are no
barriers to gene flow within a circumglobal popu-
lation of P. anguillae. The phylogeography of the
genus Anguilla is highly debated. Lin et al. (2001)
proposed that Anguilla first radiated about 20 myr
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ago and moved from the Indo-Pacific through the
Central American Isthmus, a route that closed
5myr ago. Other data (Bastrop et al. 2000; Aoyama
et al. 2001) suggest an earlier radiation of represen-
tatives of the genus Anguilla via the Tethys Sea-
way. All data support a separation of Atlantic
species from Pacific species at least 10 myr ago. If
the host eels and their pseudodactylogyrid para-
sites were constrained by same genetic barriers we
would expect to see sequence divergence in
Pseudodactylogyrus anguillae parasitizing different
anguillid species. The observed rate of divergence
of the ITS2 gene in monogeneans is calculated to
be 0.3-0.7% per million years (Zietara et al. 2002).
If genetic isolation of their hosts occurred even
as recently as 10 myr ago we would expect 3-7%
sequence divergence between the ITS2 genes of
P. anguillae parasitizing A. mossambica, A. japonica
and A. rostrata. This is not the case, as ITS2 genes
of P. anguillae from these three geographically
distinct eels are identical. This suggests that
P. anguillae is either not constrained by the same
genetic barriers as its host, or that its global distri-
bution is due to recent introductions.

Although P. anguillae was first described from
A. japonica, it is not a specific parasite of this
species. Natural populations of Anguilla bicolor
from Indonesia in 1993 have also been reported to
host P. anguillae (Buchmann 1997). This eel species
is widespread in the western Pacific and tropical
Indian Ocean as far west as South Africa (Skelton
1993). Anguilla bicolor bicolor from South Africa and
A. bicolor from Indonesia both use the Indian
Ocean basin currents to breed and to distribute
their leptocephali, hence providing an overlap in
their distribution allowing potential opportunities
for exchange of parasites.

Figure 2 shows the overlap of breeding areas
between members of the genus Anguilla. The spe-
cific breeding locations of all Anguilla species are
not known, but genetically distinct species such as
A. rostrata and A. anguilla are known to have
sympatric distributions of leptocephali in the
Sargasso Sea (Bastrop et al. 2000; Aoyama et al.
2003) and as many as five species of Anguilla
leptocephali have been found off the coast of
Sulawesi in Indonesia. If P. anguillae can infect
leptocephali then these overlapping breeding
areas provide a natural vehicle for movement of the
parasite from one species of Anguilla to another. It
has been demonstrated that leptocephali and
glass eels occur sympatrically (Aoyama et al. 2003)
and that glass eels can become infected with
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P. anguillae (Buchmann 1997), suggesting that
adults from one population may infect juveniles
from another population with P. anguillae in the
marine environment. Pseudodactylogyrus anguillae
are known to be halotolerant and both adults and
eggs may survive in seawater (Buchmann et al.
1987; Buchmann et al. 1992). Although P. anguillae
is halotolerant, it is essentially a freshwater para-
site. In addition, the short survivability of the eggs
in seawater, 2-5 days at 20°C-30°C (Buchmann
etal. 1987), would suggest that this proposed trans-
mission of this parasite at sea would have to be
extremely rapid. However, the gradual coastal
migration of this parasite alongshore and its trans-
mission between sympatrically occurring Anguilla
species may be a more plausible transmission
hypothesis as eels move from one estuary to the
next. A similar hypothesis was proposed for Gyro-
dactylus anguillae (Hayward et al. 2001b). Conse-
quently, as with G. anguillae (Hayward et al. 2001b),
P. anguillae probably occurs throughout most of
the range of its anguillid hosts. According to this
hypothesis, P. anguillae may naturally infect eels
throughout the West Pacific and Indian Ocean.
The larval stages of A. mossambica and A. bengal-
ensis labiata are unlikely to be sympatric with
Pacific species, such as A. japonica, but may become
infected by P. anguillae carried from Pacific breed-
ing grounds by widely distributed species such as
A. marmorata and A. bicolor. However, no records of
P. anguillae have been recorded from A. marmorata
and A. bicolor in South Africa. This hypothesis does
not hold for the Atlantic species, as these species
have been genetically and geographically isolated
for atleast 5 myr. Natural movement of P. anguillae
between A. anguilla and A. rostrata is possible, but a
human mediated translocation of P. anguillae from
the Indian Ocean or western Pacific must have
occurred in recent times.

The paucity of data regarding the distribution,
intensity and prevalence of P. anguillae infections
in wild A. mossambica and other anguillid popula-
tions in South African combined with the general
lack of other parasite data renders it difficult to
make firm conclusions as to the origins and status
of P. anguillae locally. Using similar hypotheses as
discussed here, Hayward et al. (2001a,b) con-
cluded that the maintenance of genetic and mor-
phological integrity of Pseudodactylogyrus bini and
Gyrodactylus anguillae respectively on genetically
distinct Anguilla species from three continents due
to natural gene flow is unsound. This is likely to be
the case for P. anguillae in South Africa; however,
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confirmation of the presence or absence of other
anguillid parasites like Pseudodactylogyrus bini,
Gyrodactylus anguillae and Anguilicola crassus from
A. mosssambica and other South African anguillids
would provide more certainty.
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