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ABSTRACT: Cysts of metacercariae were obtained on 2 dates from juvenile sole Solea solea seasampled in an area of mussel cultivation (Pertuis Charentais, Bay of Biscay, France). An initial assessment of parasite genus and infestation level was based on 192 cysts extracted from 2 fish samples,
taken in August (n = 20) and December 2000 (n = 14). Our results confirmed the sole as second intermediate host of bucephalid trematodes of the genus Prosorhynchus, which has not previously been
noticed in Atlantic stocks. Prevalence, ca. 65% on both dates, indicated an substantial infestation of
these small fish, with a mean abundance of parasites increasing from August (3.3 ± 1.1) to December
(8.1 ± 3.4). Cysts were localised in all body parts of the host, and positioning varied depending on
sampling date. However, the cephalic area was always the most infested (72.7 and 49.1% in August
and December, respectively). Parasite measurements suggested a protracted infestation process,
which may be initiated in spring during sole settlement. Most of the largest metacercariae had the
rhynchus characteristics of P. crucibulum, though the possibility of them being other species (P. squamatus, P. aculeatus) could not be excluded. As Mytilus edulis is the first intermediate host of
Prosorhynchus spp., possible relationships between mussel culture and sole parasitosis are discussed.
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To obtain indicators of nursery suitability under anthropogenic pressure, we examined the growth of young
common sole Solea solea (L.) in an area of shellfish culture (the Pertuis Charentais, mid-Bay of Biscay, France).
In the course of this study, metacercariae encysted in the
inner ear of young sole were noticed on various occasions. These parasites were identified as bucephalid digeneans, with obvious characteristics of the genus
Prosorhynchus (Odhner 1905). Several species have
been described in this genus, all having complex life
cycles, with teleostean fishes as final hosts harbouring
the adult form of the parasite, and 2 intermediate hosts.
In the northern Atlantic and adjacent waters, 3 species
have been recorded most often: P. crucibulum, P. squa-

matus and P. aculeatus. The final host most often
reported for these 3 species is the conger eel Conger
conger (Jones 1943, Sey 1968, Bray 1973, Matthews
1973, Papoutsoglou 1976, Muñoz et al. 1989, Santos &
Gibson 2002). Other fish acting as final host include
shorthorn sculpin Myoxocephalus scorpius (Chubrik
1952, Coustau 1991), Arctic charr Salvelinus alpinus
(Dick & Belosevic 1981), painted eel Echelus myrus
(Radujkovic et al. 1989) and Greenland halibut Reinhardtius hippoglossoides (Arthur & Albert 1994). Along
the eastern and western Atlantic coasts, 2 mussel species
are reported as first intermediate host, Mytilus edulis or
M. galloprovincialis, with the host species depending on
the Prosorhynchus species and study area (Matthews
1973, Sannia & James 1977, Coustau et al. 1990, Teia dos
Santos & Coimbra 1995, McGladdery et al. 1999).
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Little information is available on the second intermediate host of these 3 Prosorhynchus species. Manter
(1931) identified 1 P. crucibulum in the gill region of
bluefish Pomatomus saltatrix (1 out of 11 fish studied in
North Carolina), and Rebecq & Leray (1961) reported
metacercariae of the same species in 2 Gobiesocidae
off the French Mediterranean coast. Metacercariae or
subadults of Prosorhynchus spp. were found in the gut
of various fish, for example sea snail Liparis liparis
(Munson 1974), bogue Boops boops (Anato et al. 1991)
and flounder Pleuronectes flesus (Alvarez et al. 2002)
for P. crucibulum, and cod Gadus morhua (Scott 1975,
Appy & Burt 1982, Køie 1984) for P. squamatus. However, these fish seem to have played a more accidental
host role. The first and only record of P. crucibulum
metacercariae and adults in the common sole was from
the northern Aegean Sea (Papoutsoglou & Papaparaskeva-Papoutsoglou 1977).
To gain new insights into young sole infection by
these digenean parasites, this study aimed to obtain
epidemiological data, specifically identify the parasite,
and discuss the potential relationships between mussel
culture, sole parasitosis, and the parasite’s life cycle.
We mapped the cyst locations in the fish body parts,
before removing metacercariae from the cysts for measurements, in order to support comparisons of epidemiological data between sampling periods.

1973), was also measured.
Fulton’s condition factor was calculated as K = (wM ×
100)/StdL3, with wM in grams and StdL in centimetres
(Bolger & Connoly 1989). The level of parasite infection was assessed using classical epidemiological parameters: Prevalence, the percentage of infected fish in
the fish dissected (P %); abundance, the average number of parasites in samples; and intensity of infection,
the number of parasites found in an infected fish (Bush
et al. 1997). In addition, frequency of cyst occurrence
for each body part was calculated.
We used non-parametric Kruskal-Wallis and MannWhitney tests to compare data between the 2 sampling
dates, and the Kolmogorov-Smirnov test to compare
the distribution of cysts in the body parts with a theoretical homogeneous distribution.

RESULTS
As expected, the fish sampled in December were significantly larger than those sampled in August (MannWhitney, U = 12.5, p < 0.01) (Table 1) and fish in the
August sample had a significantly higher condition
factor (Mann-Whitney, U = 75, p = 0.023). Despite a
tendency toward a reduction in fish condition with

MATERIALS AND METHODS
Field samples of wild 0-group sole were taken by
trawling every 2 mo in a subtidal nursery, close to La
Rochelle (Pertuis Charentais, French Atlantic coast:
46° 15’ N, 01° 06’ W). Two samples were chosen from
opposing seasons and fish were sub-sampled (n = 20
and 14) to range within the average size of fish on the
sampling dates (26 August and 2 December 2000,
respectively).
Individual fish were measured for standard body
length (StdL) and wet mass (wM), to the nearest millimetre and decigram, respectively. They were then
frozen and stored at –20°C, awaiting further analyses.
The fish were thawed and dissected to check for parasites. All parasites were removed and counted by
noting tissue locations according to 4 groups of positioning: (1) cephalic region, (2) abdominal cavity, (3)
muscles (including the subcutaneous metacercariae in
this group) and (4) fins. Prosorhynchus metacercariae
were removed from their cysts and measured in order
to have an estimate of the infection period. Measurements were taken to the nearest 0.01 mm, under an
image analysis system coupled to a light microscope,
for body length and width (Fig. 1). The rhynchus, usually used as a possible systematic criterion (Matthews

Fig. 1. Prosorhynchus spp. Microphotograph of a metacercaria
removed from the cyst, and diagrammatic representation of
measurement axes (L = length, B = breadth and R = rhynchus)
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Table 1. Solea solea. Mean values (± SE) of 0-group sole standard lengths (SdtL in cm), condition factors (K in g cm– 3) and
epidemiological values of Prosorhynchus cysts for the 2 sampled dates. N = 20 and 14 fish in August and December 2000,
respectively. Abundance = mean number of parasites in the
studied sample; prevalence (P %) = percentage of infected
hosts in the dissected fish
Mean SdtL
(min–max)

Mean K
(min–max)

Mean
abundance
(min–max)

P%

August

9.9 ± 0.1
(8.7–11.3)

1.06 ± 0.02
(0.91–1.18)

3.3 ± 1.1
(0–19)

65.0

December

11.2 ± 0.1
(10.6–12.1)

1.00 ± 0.02
(0.89–1.13)

8.1 ± 3.4
(0–43)

64.3

parasite infection intensity in August, there was no significant relationship between the number of Prosorhynchus cysts and the condition factor (simple regressions, p > 0.05 for the 2 sampling periods).
A total of 192 metacercariae were obtained from all
fish (79 in August and 113 in December). Most of them
had a rhynchus invaginated into a triangular cone,
with a kidney-shaped indentation observed ventrally
at its tip (Fig. 1). The percentage of infected hosts was
very similar, between dates (P% ca. 65%, Table 1) and
there was no significant difference in the intensity of
infection between samples (Mann-Whitney, U = 127,
p > 0.05). However, mean parasite abundance increased as nursery occupancy continued (3.3 ± 1.1 and
8.1 ± 3.4 in August and December, respectively).
Although cysts were localised in almost all the sole
body parts, a considerable number of them were
located in the eye area (Fig. 2a), fixed on the adductor
muscles or the optic nerves (Fig. 2b), and within the
inner ears. Most of the cysts obtained from fish in the
August sample were transparent, so the metacercariae
could be seen (Fig. 2a), whereas cysts from the December sample formed fibrous capsules (Fig. 2b,c). Percentages of occurrence varied depending on body
region and sampling date: in August and December,
respectively, percentages were 72.7 and 49.1% in the
cephalic region, 19.7 and 28.3% in the muscles, 7.6
and 4.7% in the abdominal cavity and 0 and 17.9% on
the fins. These observed distributions were, not surprisingly, significantly different from a homogeneous
distribution (Kolmogorov-Smirnov, D = 0.48, N = 108 in
August, and D = 0.26, N = 66 in December, p < 0.01 in
both cases). Even if the metacercariae found in the fin
areas seemed smaller than the others (Fig. 3), there
was no significant difference between metacercarial
measurements, whatever the positioning in the sole
body, either when considering the 2 samples together
or separately (Kruskal-Wallis, p > 0.05 for all comparisons).

Fig. 2. Microphotographs of Prosorhynchus spp. metacercarial cysts in the eye region of Solea solea, (a, August sample; b,
December sample), and removed from the otic capsule with
the Prosorhynchus spp. metacercaria removed from the cyst
(c, December sample). LE and RE: left and right eye, respectively; AM: adductor muscle; ON: optic nerve; M: metacercaria; C: cyst. Arrows indicate metacercarial cysts in (a) and
(b) and a fibrous cyst in (c). Scale bars = 1 mm
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1.6
Cephalic region
Abdominal cavity

1.2

Table 2. Mean values (± SE) and size range (in mm) of the
measured Prosorhynchus metacercariae (N = 37 and 78 cysts,
in August and December 2000, respectively) from dissected
juvenile sole Solea solea on both sampling dates

Muscle

Mean length Mean breadth Mean rhynchus
(min–max)
(min–max)
length
(min–max)

Fins

0.8

August

1.54 ± 0.05
(0.97–2.26)

0.54 ± 0.02
(0.24–0.73)

0.36 ± 0.01
(0.25–0.55)

December

1.37 ± 0.04
(0.58–2.81)

0.57 ± 0.01
(0.27–0.77)

0.34 ± 0.01
(0.13–0.56)

0.4

0

Length

Breadth

Rhynchus

Fig. 3. Mean sizes (mm) of Prosorhynchus spp. metacercariae,
with regards to position in the body of sole Solea solea. Bars
represent standard errors

Of the 192 parasites counted, 37 (August) and 78
(December) metacercariae were removed from their
cysts and measured (Table 2). Rhynchus measured on
average 0.35 ± 0.08 mm and up to 0.56 mm in the most
developed metacercariae. Though varying in a wide
range of sizes for each sampling date, these parasites
were significantly longer in August (Mann-Whitney,
U = 1013, p = 0.01), while both breadth and rhynchus
sizes were not significantly different between dates
(Mann-Whitney, p > 0.05).

DISCUSSION
Previous studies investigating common sole diseases
targeted coastal or fisheries management (Newell et
al. 1979, Alvarez et al. 2002), as well as mariculture
(McVicar & White 1982, Liewes 1984). The first mention of Prosorhynchus crucibulum in sole is from
Papoutsoglou & Papaparaskeva-Papoutsoglou (1977),
where the sole being investigated had the role of both
second intermediate host (prevalence ca. 3% of
180 fish, metacercarial cysts being attached to fins,
stomach epithelium and liver) and final host (ca. 6% of
180 fish, with adult parasites found in the stomach).
However, the infection level was low, whereas 1 young
sole out of 3 was infested in our studied area (ca. 65%
of 34 fish). Prosorhynchus spp. remain latent throughout the Atlantic, and cause local mussel diseases (castration and death, Coustau et al. 1993, review in
McArthur & McGladdery 2000). This suggests that this

type of endemic parasite is very likely to occur in
benthic fish liable to harbour metacercarial cysts,
whatever the geographic area.
As specific parasite determination is usually based
on morphological characters of the adult, which are not
complete in metacercariae, parasites encysted in sole
could be Prosorhynchus crucibulum, P. squamatus
and/or P. aculeatus, which are widespread throughout
the oceans. From metacercarial rhynchus features,
some of our records could be assigned to P. squamatus
or P. aculeatus. However, most of the developed
metacercariae had the P. crucibulum rhynchus in its
adult form, with an apical depression invaginated in a
large cone (Matthews 1973, Santos & Gibson 2002).
This allows us to distinguish almost all the metacercariae of the 2 other species from those of P. crucibulum, and to confirm sole as being involved in the life
cycle of this parasite species.
Prosorhynchus squamatus and P. crucibulum were
responsible, respectively, for parasitosis in long-line
cultured mussels from the northern Bay of Biscay
(Coustau et al. 1990), and in raft-cultured mussels from
the north-western coasts of Portugal (Teia dos Santos &
Coimbra 1995). In our study, fish originated from the
Pertuis Charentais, the most important sole nursery
(Le Pape et al. 2003) and mussel culture area in the Bay
of Biscay. Routine surveys (Ifremer–REPAMO) of shellfish diseases during the same year did not reveal
equivalent levels of digenean parasitosis in mussel
Mytilus edulis (Thébault et al. 2001). In the range of
metacercarial sizes measured in the August sample,
the eldest, i.e. the largest, parasites could have entered
the fish in March, and the smallest only 2 wk before
capture (Matthews 1973). This indicates that the very
beginning of infestation may have occurred in newly
settling sole from spring onwards, which could indicate a local infestation. Furthermore, cysts obtained
from the December-sampled fish formed fibrous capsules, which were not observed in August. As this process requires 2 mo once cercarial encapsulation has
occurred, it is consistent with the hypothesis of a tem-
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poral coincidence between the parasite’s life cycle
(maximal release of cercariae in spring) and the timing
of the Bay of Biscay sole settlement (completed in early
summer, Amara et al. 2000).
Although fish condition seemed unaffected, the strategic position of metacercariae encysted in sole was
striking, especially for those located around the eyeball
and within the otocyst. This suggests that this type of
infection could impair some biological functions. Sole of
the Pertuis Charentais nursery has recently been shown
to achieve lower condition and growth rates than those
of northern nurseries (P. Laffargue unpubl. data). This
suggests a less suitable nursery, possibly due to limitation in the availability of food, with infested fish having
to compensate for the energetic cost of being parasitized.
More subtle effects of the parasite on fish could be
underlying, albeit not detectable with global indices
such as condition factor (e.g. behavioural or physiological capabilities, Moore & Gotelli 1990, Kuris 1997).
Parasitosis due to metacercarial cysts of Prosorhynchus spp. was reported to be of economic importance
due to depreciation in the value of fish fillets (Liston et
al. 1960). In the context of sustainable coastal management, more attention is being paid to food webs in
areas under shellfish culture influence (Leguerrier et
al. 2003). In this respect, the parasite load in fish is an
appropriate tool, since it often reveals imbalance(s) at
the fish and nursery level(s) (Dale & Beyeler 2001,
Whittfield & Elliot 2002). To open up new prospects,
more work is in progress, especially to establish what
exactly the relationships are between mussel culture,
the life cycles of parasites, and the effects of this parasitic infection in a species of high commercial value in
northeastern Atlantic fisheries.
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