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ABSTRACT: Four different endohelminth parasite taxa were found in the viscera of the blacktail
comber Serranus atricauda Gunther, 1874 caught in the Madeira Archipelago. Nematodes were
the dominant group, represented by 2 different taxa, Hysterothylacium spp. Ward & Magath, 1917
and Procamallanus (Spirocamallanus) halitrophus Fusco & Overstreet, 1978 comb. n. Plerocerci of
the trypanorhynch Pseudogrillotia epinepheli (synonym: Grillotia epinepheli) Scholz, Garippa &
Scala, 1993, and cystacanths of the acanthocephalan Bolbosoma vasculosum Rudolphi, 1819 were
found in the visceral cavity. New host records for P. (S.) halitrophus and P. epinepheli and the
extension of the geographic distribution of these 2 parasite species provide evidence of parasite
transference between the Madeira Archipelago, the Mediterranean and the Gulf of Mexico. The
paucity of the parasite fauna of blacktail comber reflect a combination of fish host selective feed-
ing on particular dietary items and its territorial behaviour.
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INTRODUCTION

Serranids are important components of coastal ma-
rine ecosystems, being active predators of a diverse
array of invertebrates and fishes (Heemstra & Ran-
dall 1993, Tuset et al. 1996). Several authors have
described the helminth parasites infecting fishes
from the family Serranidae (Moravec et al. 1995a,b,
1996, 1997, 2004, 2006, Rigby & Adamson 1997), with
a focus on groupers (genus Epinephelus). Few stud-
ies have focused on the genus Serranus, despite their
commercial importance and abundance (Tuya et al.
2006). Parasite surveys have been conducted on only
4 of the 30 valid species of this genus, revealing
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infections with ectoparasitic copepods, isopods and
hirudeans as well as endohelminth taxa, including
myxozoans, nematodes, cestodes and digeneans
(Arculeo et al. 1997, Cuyas et al. 2004, Figus et al.
2005, Braicovich & Timi 2009). The blacktail comber
Serranus atricauda Gunther, 1874 (Pisces: Serran-
idae), is a benthic and highly territorial fish species
(Morato et al. 2000), with a broad geographic distri-
bution, encompassing the rocky shores of the North-
east Atlantic from the Bay of Biscay to Mauritania,
including the archipelagos of Madeira, the Azores
and the Canary Islands, as well as the Mediterranean
(Tortonese 1986). As the blacktail comber is a site-
attached fish species, with such a broad geographic
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range, its parasites may prove to be valuable as envi-
ronmental and population structure indicators
(MacKenzie 1999, Cuyas et al. 2004), as well as pro-
viding an understanding of parasite zoogeographic
relationships. The present study: (1) established a
baseline for the parasite fauna of S. atricauda caught
off Madeira and the Selvagens Islands (Macarone-
sian Biogeographic Region, Atlantic Ocean), (2)
examined changes in parasite biodiversity between
2 sampling events, (3) described the geographic links
of parasites found in the Madeira Archipelago with
the Mediterranean and Gulf of Mexico.

MATERIALS AND METHODS

Fish hosts, collection and morphological
examination of parasites

From February to June 1998, 31 blacktail comber
Serranus atricauda were caught off the Selvagens
Islands and examined for endohelminth parasites.
Fish ranged in length from 13.8 to 31.5 cm (24.3 =
0.8; mean =+ standard error). The viscera of 34 fish
obtained at the Funchal fish market (Madeira
Island) were also examined. Both sampling regions,
Madeira and the Selvagens Islands, are part of the
Madeira Archipelago, Macaronesian Biogeographic
Region, 30°01'35" to 30°09' 10" N and 15°52'15" to
16°03' 15" W). The viscera of the 34 market blacktail
comber were examined fresh, and the 31 fish from
the Selvagens Islands were frozen and later de-
frosted in the laboratory. A second sampling event,
in October 2010, consisted of 23 blacktail comber
ranging in length from 17 to 36.0 cm (26.5 + 0.9)
caught off the Selvagens Islands. These fish were
examined fresh, immediately after being caught.
The liver, stomach, pyloric caeca and intestines of
all fish were examined with the aid of a binocular
microscope (Zeiss Stemi 2000). Fresh squashes were
also examined with a high power microscope (Zeiss
Axioplan Photomicroscope). Recovered parasites
were preserved in either 70 or 95% ethanol and
identified according to zoological group following
Berland (1961), Anderson (1992), Campbell & Bev-
eridge (1994), Amin (1998), Palm (2004) and Gib-
bons (2010). Nematodes, cestodes and acantho-
cephalans used for morphological study were
cleared in lactophenol and mounted in glycerol
jelly. Measurements of morphological characters of
the parasites are expressed as means (+ standard
error), with the range in brackets. Five larval nema-
todes and 4 larval cestodes fixed in 70% ethanol

were rehydrated in a descending ethanol series,
post-fixed in 1% osmium tetroxide in cacodylate
buffer, dehydrated in an ascending ethanol series,
critical point dried (Baltec CPD 030), coated with
gold/palladium and viewed with a FEI-Quanta 400F
scanning electron microscope (SEM). Nomenclatural
terms for description of trypanorhynchs follow
Campbell & Beveridge (1994) and Palm (2004).
Ratios between character measurements in try-
panorhynchs were calculated by dividing each
measurement by the smallest value (Palm 2004).
Prevalence, mean intensity and mean abundance of
the parasites were calculated according to Bush et
al. (1997).

Molecular analysis of nematodes

Nineteen larval nematodes, recovered from the
viscera of 2 blacktail comber caught in July 2010,
were used for molecular identification. Each speci-
men was first inserted into a sterile 1.5 ml Eppendorf
tube, frozen in liquid nitrogen, and homogenized in
100 pl of lysis solution (0.1M Tris-HCI, 0.01M EDTA,
0.1M NacCl including 1% SDS). Then 10 nl of pro-
teinase K was added, and the tube was vortexed, fol-
lowed by incubation in a water bath at 40°C for 6 h.
After that period 50 pl of 5 M NaCl was added to
each homogenate, and the mixture was centrifuged
for 5min at 12000 rpm (11 269 x g). The supernatants
were transferred to new tubes with addition of 30 nl
of 3 M NaOAC, kept at —20°C for 20 min, and there-
after centrifuged at 12000 rpm for 5 min. Super-
natants were transferred to new microtubes, adding
60 pl of 0.2 M NaCl and 540 pl of cold absolute
ethanol, and then centrifuged at 12000 rpm for
20 min. Pellets were washed with 70 % ethanol. To
amplify the ribosomal DNA region (spanning the
internal transcribed spacer regions ITS-1 and ITS-2)
2 primers were used, namely the forward primer
NC5 and the reverse primer NC2 (Zhu et al. 1998).
All PCR reactions were carried out in a final volume
of 25 pl containing 1 pl of purified DNA, 0.5 pl of each
primer, 2.5 pl of buffer solution 10x, 1.25 pl of MgCl,,
0.2 pl of Tag DNA polymerase, 2.0 pl of each dNTP
and 17 pl of ultra-pure H,O in a thermocycler (Perkin
Elmer Gene AMP system 2400, Applied Biosystems)
under the following conditions: 94°C for 4 min, fol-
lowed by 30 cycles at 95°C for 30 s, 52°C for 40 s,
72°C for 1 min and 12 s, and a final elongation at
72°C for 7 min. Amplified fragments were subjected
to RFLP analysis using 2 restriction enzymes, Hhal
and Haelll. Restriction was performed using 6 pl of
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amplified products, 0.5 pl of enzyme, 1 pl of
specific buffer (according to Fermentas
Molecular Biology) and 3 pl of ultra-pure H,O.
Digested amplicons were separated on 1%
agarose gels at 100 V at room temperature for
30 min. PCR products were purified with
Qiaquick columns (Qiagen) prior to sequen-
cing. Sequencing was performed on an ABI
Prism 3700 sequencer (Applied Biosystems) by
Macrogen Inc. Sequences were assembled
using the SeqMan program of the DNASTAR
Lasergene software package, and then
aligned with previous sequences of Raphidas-
caridinae using Clustal W (1.8) multiple
sequence alignments (Thompson et al. 1994).
To construct a phylogenetic tree sequences
were edited with MacClade (Version 4.0)
(Maddison & Maddison 2000) and compared
with available sequences of anisakid nema-
todes in the GenBank database. The phyloge-
netic tree was constructed with the neighbour
joining (NJ) method, using molecular evolu-
tionary genetics analysis (MEGA 4) software
(Tamura et al. 2007). Gaps and missing data
were excluded from the analysis. The new
sequence was deposited in the EMBL data-
base with the Accession No. HE610414.

RESULTS
Hysterothylacium spp.

A total of 599 larval nematodes of the genus Hyste-
rothylacium Ward & Magath, 1917 (Nematoda:
Ascarididae: Raphidascaridinae) were recovered
from 65 blacktail comber Serranus atricauda exam-
ined in 1998, whereas in the 23 fish examined in
October 2010, 1089 larval Hysterothylacium spp.
were found. Larvae were dissected out of the brown
nodules attached to the liver, stomach, intestine,
intestinal caeca and gonads. Most larvae had
weakly developed lips and a conical tail with a small
terminal cuticular spike, suggesting they were all in
L3 developmental stage. Some larval worms had a
cephalic end with 3 lips of equal size, with inner
margins indented and with no interlabia (Figs. 1 & 2).
A short intestinal caecum, not easily seen in most
individuals, varied in length from 55 to 120 pm. The
ventrally curved tail showed a pointed distal tip
(Fig. 3). Measurements of the oesophagus, ventricu-
lus, ventricular appendage and tail of a sub-sample
of these larvae are presented in Table 1. An 832 base

Figs. 1 to 3. Hysterothylacium spp. from the viscera of Serranus atri-
cauda. Fig. 1. Ventral view of the cephalic end, showing the lips (black
arrowheads). Fig. 2. Ventricular region, showing the nearly spherical
shaped ventriculus (V) and the ventricular appendage (VA). Fig. 3.

Tail with pointed tip

pair (bp) portion of rDNA spanning both the ITS-1
and ITS-2 regions was amplified from 12 individual
nematode larvae. The digestion of this fragment
with the restriction enzyme Hhal gave 3 fragments
of 349, 150 to 154 and 77 bp, while with Haelll 2
fragments of 250 and 334 bp were obtained. These
patterns were not previously known for anisakid
nematodes. The ITS sequences (832 bp) of this spe-
cies were identical to the newly described species
Hysterothylacium deardorffoverstreetorum (Knoff et
al. 2012) and showed 99% similarity with Ra-

Table 1. Morphometric data for Hysterothylacium spp. (n =
50) from the viscera of the blacktail comber Serranus atri-
cauda. All measurements are in pm, except body length

Character Range Mean + SE
Body length (mm) 10-25 15.5+0.5
Oesophagus 750-1570 1094.5 + 23.1
Ventriculus 95-350 192.8 £9.1
Ventricular appendage 450-1700 869.1 + 16.3
Tail 125-500 289.2 + 16.3
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phidascaris acus Bloch, 1779 and
Hysterothylacium muraenesoxin
(Luo, 1999) Li, Xu & Zhang, 2006

Table 2. Prevalence, mean intensity and mean abundance of endohelminth
parasites found infecting Serranus atricauda from the Madeira Archipelago, in

2 sampling events (1998 and 2010)

(synonym: Contracaecum murae- ] ] ]
nesoxin Luo, 1999). Fig. 4 com- Parasite species Sampling Prevalence. Meap Mean
. . year (%) intensity abundance
pares the sequence obtained in
the present study with the avail- Hysterothylacium spp. 1998 83.1 11.1 9.2
able sequences of Hysterothyla- (Nematoda) 2010 100.0 47.3 47.3
cium spp. and of 2 species of Pseudogrillotia epinepheli 1998 32.3 6.2 2.0
Raphidascaris. Prevalence, mean (Cestoda) _ 2010 0.0 0.0 0.0
intensity and mean abundance of Procama]]anus (Spirocamallanus) 1998 3.1 5.5 0.2
thi d oth dohelminth halitrophus (Nematoda) 2010 65.2 2.7 1.8
15 an o. €T endoheimintis are Bolbosoma vasculosum 1998 3.1 1.5 0.05
presented in Table 2. (Acantocephala) 2010 0.0 0.0 0.0

Procamallanus (Spirocamallanus)
halitrophus comb. n.

From the intestines of 2 out of 31 fish caught in
1998, 11 gravid females of Procamallanus (Spiro-
camallanus) halitrophus Fusco & Overstreet, 1978
comb. n. (Nematoda: Camallanidae) were recovered.
Eighteen males and 23 gravid females were recov-
ered from the intestines of 15 out of 23 fish caught in
2010. When alive, these large nematodes were red-
dish in colour with a brown buccal capsule (Fig. 5).
Females were longer than males, with total body
lengths from 25 to 35 mm, whereas males were 12 to
17 mm long. Gravid females contained hundreds of
embryos and larvae, with each larva about 275 pm
long. The tip of the female's tail was armed with
2 minute spines. In contrast, the posterior region of
males was ventrally bent with wide caudal alae and

99 Hysterothylacium auctum AF115571.1

H. aduncum HM598666.1
H. fabri JQ521148.1

58

93

H. bidentatum AY603539.1
T H. longilabrum JQ520159.1

H. muraenesoxim EU828749.1
@ Hysterothylacium sp. HE610414

R. acus AY603537.1

—
0.02

Fig. 4. Neighbour-joining phylogenetic tree inferred from internal tran-

scribed spacer region sequence data from Hysterothylacium spp. in this

study (@), and sequences of other Raphidascaridinae species, available

from GenBank. Gaps and missing data were excluded from analysis.
Bootstrap values >50 % are indicated by numerals

98 Hysterothylacium sp. PB JNO05769
Contracaecum sp. AY603537.1

Raphidascaris gigi AB558483.2
99| | H- deardorffoverstreetorum (NZ2) JF730200.1

77'H. deardorffoverstreetorum (NZ9) JF730204.1

Baylisascatris transfuga HM594951.1

2 spike-like structures on the tip. Around the cloacal
opening of the male, papillae were organized into
3 pairs of precloacal, 6 pairs of postcloacal and 2 pairs
of adanal papillae. Spicules were dissimilar, with one
partially protruding through the cloacal opening.
Comparative morphometry of specimens of P. (S.)
halitrophus from the Gulf of Mexico and Selvagens
Islands is given in Table 3. Prevalence, mean inten-

Fig. 5. Procamallanus (Spirocamallanus) hal-

itrophus comb. n. Cephalic end (from the

intestine of Serranus atricauda), showing the

buccal capsule (B) with spiral thickenings
and basal ring (arrow)
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Table 3. Procamallanus (Spirocamallanus) halitrophus comb. n. Comparison of measurements of specimens from the Gulf of
Mexico (Fusco & Overstreet 1978) and Madeira Archipelago (present study). All measurements are in pm, except body length
(mm). Values are means (+SE) with range in brackets for specimens collected from Serranus atricauda

Morphological Gulf of Mexico samples Madeira Archipelago samples
character Males Females Males Females
(n=16) (n=195) (n=6) (n=29)

Body length (mm) 13.3-26.9 22.5-44.5 14.0+0.8 (12-17) 31.0+£1.9 (25-395)

Buccal capsule 86-98 x 63-81 96-121 x 84-96 82.9+2.4 (75-85) x 101.3+5.9 (85-110) x
(length x width) 68.3+4.4 (60-75) 110.0+13.5 (90-150)

Spiral thickenings 10-14 (12) 10-14 (12) 12 12

Length of muscular oesophagus  390-465 459-609 448.3+12.2 (410-500) 626.7+43.3 (520-700)

Length of glandular oesophagus 517-928 696-963 833.3+40.1 (700-950) 1000+100.0 (800-1100)

Ratio length of muscular oeso- - 1:1.5 1:1.5-1.8 1:1.5-1.8
phagus:glandular oesophagus

Anus 160-189 191-255 150 160-275

Caudal alae 425-610 400-450 -

Caudal papillae 3,6,2 3,6,2 -

Right spicule 257-459 386.0+30.4 (315-450) -

Left spicule 183-324 225 -

Spicule ratio 1:1.3-1.8 1:1.4 -

Tail digit - 36-73 - 55.0+£5.0 (37.5-60)

Host Scyacium papillosum Scyacium papillosum Serranus atricauda Serranus atricauda

sity and mean abundance values of P. (S.) halitrophus
are presented in Table 2.

Pseudogrillotia epinepheli

A total of 130 plerocerci of Pseudogrillotia epine-
pheli Scholz, Garippa & Scala, 1993 (Platyhelminths:
Lacistorhynchidae: Grillotiinae) were recovered from
21 of the 65 fish examined in 1998 only. They were
found inside whitish blastocysts, which were in yel-
lowish nodules, adherent to the external walls of the
stomach, intestine, pyloric caeca, liver and gonads
(Fig. 6). The dimensions of morphological features
(scolex length [s]], length and width of pars bothridi-
alis [pbo], length and width of pars vaginalis [pV],
length and width of bulbs [bl and bw, respectively])
in specimens from the Madeira Archipelago were
compared with previous results for specimens col-
lected from the Mediterranean by Scholz et al. (1993)
(Table 4). The ratios pbo:pv:bl of 1:4.2:1.5 and bl:bw
of 1.9:1 were consistent with those previously ob-
tained for this species (see Table 4). Moreover, the
type and patterns of the tentacular armature (both
basal and metabasal armatures), and the presence of
multidigitated palmate microtriches in the bothrial
surface (Figs. 7 to 9) were in agreement with previ-
ous morphological descriptions for the species. In
addition, the bulbs were longer than wider, as expect
for P. epinepheli (Fig. 10). Prevalence, mean intensity

and abundance values of this parasite can be seen in
Table 2.

Bolbosoma vasculosum

Three orange coloured cystacanths of Bolbosoma
vasculosum Rudolphi, 1819 (Acanthocephala: Poly-
morphidae) were found in the visceral cavity of 2 fish
in 1998. The cylindrical-shaped proboscis, measuring
730 pm in length and 500 pm in width, was armed
with 18 longitudinal rows of 8 hooks each, followed
by a neck without ornamentations, 880 pm long and
490 pm wide. The trunk showed an anterior portion
armed with 2 collars of spines, the most anterior with
12 transversal rows of spines, followed by a second
collar with 9 transversal rows of spines. Total body
length was 11 to 13 mm. The morphological features
of these specimens were in agreement with previous
descriptions given for this species. Prevalence mean
intensity and mean abundance values of this acan-
thocephalan are presented in Table 2.

DISCUSSION

The present study represents the first survey of the
endohelminth parasites of the blacktail comber
Serranus atricauda from the Macaronesian Islands
(Selvagens and Madeira), adding new host and geo-



60 Dis Aquat Org 103: 55-64, 2013

Figs. 6 to 10. Pseudogrillotia epinepheli. Fig. 6. Plerocercus (from the viscera of Serranus atricauda). Fig. 7. Detail of basal

armature and basal part of metabasal armature of external face of tentacles. Fig. 8. Detail of the spatulated hooks of basal

armature. Fig. 9. Multidigitate microtriches, from the bothrial surface. Fig. 10. Detail of the tentacular bulbs of P. epinepheli
(arrow) occurring in S. atricauda

graphic records for the parasites found. In detail, the
endohelminth fauna of this fish was characterized by
parasite groups usually infecting serranids, such as
camallanid and anisakid nematodes, larval trypano-
rhynchs and cystacanths of a generalist species, Bol-
bosoma vasculosum (Moravec et al. 1995b, 1997,
Rigby & Adamson 1997, Figus et al. 2005).

Identification, hosts and geographic range
of the endohelminths

The morphology and ITS sequence of the larval
Hysterothylacium spp. found in the present study

matched the description of a recently found new spe-
cies, Hpysterothylacium deardorffoverstreetorum,
from the flounder Paralichthys isosceles caught off
Rio de Janeiro, Brazil (Knoff et al. 2012). As in our
study, only larvae were found in the visceral cavity
and associated organs. This fact suggests that the
flounder, like the blacktail comber, is a paratenic
host, not a definitive host. The validity of this new
species, however, is questionable on the grounds that
classification was entirely based on the morphologi-
cal description of larvae because no adults were
found. In our opinion, the genus Hysterothylacium is
still genetically poorly known, with only 6 species
sequenced, out of the 61 species morphologically
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Table 4. Pseudogrillotia epinepheli. Comparison of the dimensions of the
scolex characters (in pm) of the plerocerci of P. epinepheli between Medi-
terranean, Italy, Bermuda samples (Scholz et al. 1993, Palm 2004) and sam-
ples from the Madeira Archipelago (present study; values are means + SE,
with range in brackets). sl: scolex length; pbo: pars bothrialis; pv: pars

vaginalis; bl: bulbs length; bw: bulbs width

whiff Citharichthys macrops Dressel,
1889, both occurring in shallow-water
habitats; thus, the geographical range of
this parasite was extended to South
Atlantic waters. The presence of P. (S.)
halitrophus in the Madeira Archipelago

Carcharhinus leucas

Body Mediterranean, Italy, Madeira Archipelago may suggest that the geographic range
parameter Bermuda (n =11) (n=23) of this camallanid encompasses the Gulf
| 24403350 2610 + 117.9 (1632-3536) of Mexico (Florida, Mississippi, coast of
S - + . =
pbo length 300-440 400.9 + 12.6 (280-528) Alabama), the south-wgstern coast of the
pbo width 290-380 428.4 + 16.5 (248-552) Atlantic (Rio de Janeiro) and Central
pv length 1100-2230 1683.9 + 71.1 (912-2250) North Atlantic waters (Madeira and Sel-
I];I’ width 500640 45582761 8161-08((245860‘272050(;) vagens Islands). The 3 fish hosts infected
— 0 =x . — . .

bw 130-180 308.2 + 46.0 (150-376) with P. (S.) ha]1t.roph.us, the dusky ﬂouq-
Ratio bl:bw 2.7-5.0:1 1.9:1 der, the spotted whiff and the blacktail
Ratio pbo:pv:bl 1.0:4.5:1.5 1.0:4.2:1.5 comber, have a common habitat in ben-
Tentacle length El 823.7 = 44.1 (424-1200) thic shallow waters and feed on inverte-
Tentacle width ongated 51.0 + 1.3 (40-64

entacle widt ) 0+13( l ) brates and small benthic fishes (Tor-
Hosts Epinephalus guaza, Serranus atricauda

tonese 1986, Morato et al. 2000, Froese &
Pauly 2011). Furthermore, pelagic fishes

described (Li et al. 2007). In addition, the morphology
of our larvae was similar to that of the larvae of
another species, Hysterothylacium eurycheilum Ol-
sen, 1952, a parasite of the serranid Epinephelus ita-
jara collected off Tortugas, Florida (Deardorff &
Overstreet 1981). Our observations were similar to
their description of the morphometry of this nema-
tode, which has a long ventricular appendage, a
nearly spherical ventriculus, a very short intestinal
caecum (sometimes not easily seen) and a conically
shaped tail without ornamentation (Deardorff &
Overstreet 1981, Moravec et al. 1995b). The type host
of H. eurycheilum, the grouper E. itajara, has a geo-
graphical distribution encompassing the Gulf of
Mexico and the Atlantic coast of North Africa, includ-
ing the Canary Islands (Froese & Pauly 2011), which
are close to our sampling location of the Selvagens
and Madeira Islands. Considering that groupers can
feed on smaller serranids (Lopez & Orvay 2005), it is
possible that groupers may be the definitive hosts of
our larval nematodes and that the blacktail comber is
a paratenic host. Further surveys will target the
endohelminths of groupers, with the aim of collecting
adult nematodes for morphological and molecular
characterization.

The nematode Procamallanus (Spirocamallanus)
halitrophus comb. n. was first reported from the Gulf
of Mexico, infecting the benthic dusky flounder
Syacium papillosum Linnaeus, 1758 (Fusco & Over-
street 1978). Later, Cardenas & Lanfredi (2005) found
this parasite species in the intestines of 2 pleuronec-
tiform fish species, the type host and the spotted

may be paratenic hosts for camallanid
nematodes, which may enhance the dispersal capac-
ities of these nematodes (Rigby et al. 1997) and lead
to the wide geographic distribution of the camallanid
P. (S.) istiblenni (Rigby & Font 1997).

Plerocerci of Pseudogrillotia epinepheli have pre-
viously been found to infect the body cavity and
peritoneum of the serranid Epinephelus guaza in
the Mediterranean (Scholz et al. 1993). The morpho-
metric values given for P. epinepheli in the original
description by Scholz et al. (1993) are very similar to
our observations (see Table 4). In addition, the SEM
details of the tentacular hooks are in agreement
with our observations. The presence of plerocerci of
this trypanorhynch in the blacktail comber may be
due to a decline of groupers in our study area.
Alternatively, blacktail comber is another interme-
diate host for this parasite, as many trypanorhynchs
have low host specificity at the intermediate host
level (Palm 2004). Adults of this trypanorhynch have
been described from the spiral valve of the bull
shark Carcharhinus leucas Miiller & Henle, 1839
from the Bermudas (Rees 1969). This shark has a
wide geographic distribution in warm waters (Palm
2004). It appears that plerocerci of P. epinepheli are
specific to serranids, as they occurred only in fish of
that family.

On the other hand, cystacanths of Bolbosoma vas-
culosum have previously been found in a variety of
hosts, including dolphins and several pelagic and
demersal fish species in the Atlantic, including
waters off Madeira and in the Mediterranean (Meyer
1932, Costa et al. 2000).
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Transmission of the endohelminths to
the blacktail comber

Investigations of the feeding habits of Serranus
atricauda from the Azores Archipelago (also belong-
ing to the Macaronesian Biogeographic Region)
identified planktonic and benthic crustaceans and
small littoral and benthic fishes as their main prey
items (Gomes 1995, Morato et al. 2000). In detail, the
frequency of occurrence of mysids was 26 %, of fishes
of the genus Parablennius was 10.3 % and of amphi-
pods was 3.1 %. Mysids and amphipods are known to
be intermediate hosts of Hysterothylacium spp. (Koie
1993). Therefore, the importance of feeding on these
invertebrates explains the high prevalence of Hys-
terothylacium spp. found in the present study. Inges-
tion of small benthic fish such as species of rockpool
fishes of the genus Parablennius could transmit Pro-
camallanus (Spirocamallanus) halitrophus. In fact, a
female of Spirocamallanus sp. was found infecting
the rockpool fish Mauligobius maderensis off Ma-
deira Island (Gibson & Costa 1997). This suggests
that the main food items of blacktail comber exam-
ined in the present study were demersal and benthic
invertebrates, as well as small fishes, which explains
the higher prevalence of the nematodes Hysterothy-
lacium spp. and P. (S.) halitrophus and the trypano-
rhynch Pseudogrillotia epinepheli transmitted by
planktonic, benthic invertebrates and small fishes
(Kgie 1993, Marcogliese 1995). The very low preva-
lence of Bolbosoma vasculosum and the absence of
digeneans could possibly be attributable to a lower or
sporadic consumption of the typical intermediate
hosts in benthic habitats, namely isopods (1.9 %) and
amphipods (3.1%) for the transmission of acantho-
cephalans and molluscs for the transmission of dige-
neans (Keie 1992, Russell-Pinto et al. 2006).

Zoogeographical relationships

Some genetic studies, using mitochondrial DNA,
and parasitological surveys of fish and sea turtles col-
lected in the North Atlantic suggested the existence
of a link between the Gulf of Mexico and Madeira
Archipelago, due to the influence of the Gulf Stream
(Sedberry et al. 1996, Bolten et al. 1998, Valente et al.
2009), and another link with the Mediterranean (Gib-
son & Costa 1997). Furthermore, genetic studies
using cytochrome b have demonstrated that ser-
ranids present in the eastern Atlantic are closely
related to the New World species (Maggio et al.
2005). Briggs (1995) considered that some of the

Madeiran shore fishes could be considered trans-
Atlantic, because they are also present on the west-
ern side of this ocean, probably coming from the
Caribbean region with the Gulf Stream. In our study
the presence of Procamallanus (Spirocamallanus)
halitrophus and Hysterothylacium spp. (genetically
identical to H. deardorffoverstreetorum) in blacktail
comber could indicate a relationship with the Gulf of
Mexico (see Cardenas & Lanfredi 2005, Knoff et al.
2012). There is also some evidence of links to the
Mediterranean, due to the infection with plerocerci
of Pseudogrillotia epinepheli (see Scholz et al. 1993).
Many parasites in the marine environment are gen-
eralists at intermediate and definitive host levels, in
order to ensure their survival in a dilute environment
(Marcogliese 1995). They pass through different
intermediate hosts and switch to new intermediate
hosts, in order to spread to new hosts and new geo-
graphic regions (Marcogliese 1995, 2002). Future
parasite surveys of blacktail comber from the Azores
and Canary Islands, as well as from the Mediter-
ranean, would help to better understand parasite
dispersal.

In conclusion, the endohelminths infecting the
blacktail comber suggested a link to the north-
western Atlantic region and the Mediterranean.
These links can be explained by the oceanographic
currents arriving at Madeira, namely the North
Atlantic drift derived from the Gulf Stream, as well as
outflow currents from the Mediterranean into the
Atlantic (Briggs 1995).
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