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Summary: A total of 118 commercially important fish species from the southern Java coast, Indo-
nesia, were studied for the parasite fauna. The fish belonged to the oceanic families Gempylidae
(Gempylus serpens, Thyrsitoides marleyi), Trichiuridae (Trichiurus lepturns) and Bramidae (Brama dussumie-
77). In addition, a single specimen of the deep-sea fish species Alkpisaurus ferox and the pelagic
Tylosurus crocodilus crocodilus were studied for comparison. A total of 38 parasite species was found,
and 23 new host records could be established. The most diverse component community was found
in T. lepturus and G. serpens with 17 and 16 species/taxa, respectively. The infracommunity was
highest in G. serpens and T. marleyi with a mean of 9.1 and 6.5 species. The cestode order Trypa-
norhyncha recorded as extraintestinal larval stages was the most diverse taxon with 13 different
species, followed by the Crustacea (8), Nematoda (5), Digenea (5) and Acanthocephala (3). The
trypanorhynch Mixonybelinia lepturi was the parasite with the highest intensity of infestation, and
was recorded from G. serpens, T. marleyi, T. lepturus, B. dussumieri and A. ferox at a prevalence of 10-
100% and an intensity of 1-243. The host specificity of the tentaculariid trypanorhynchs was low,
with 4 species infesting 2 up to 5 of the studied host fish species. The overlapping infestation
pattern in fish from entirely different families underlines the low specificity of trypanorhynchs in
their second intermediate hosts, and their ability to infest various fishes without respect to their
host phylogeny. The helminths Nybelinia africana, Mixonybelinia lepturi, Tentacularia coryphaenae, Scolex
plenronectis, Anisakis sp. and Gorgorhynchus cf. robertdollfiusi are characteristic for the studied fish spe-
cies within the oceanic, into the deep-sea reaching environment along the tropical outer continental
shelf region off the Java coast. A high prevalence of infestation of 97-100% with the zoonotic
Abnisakis sp. demonstrates a high risk of predatory fish to get infested. T lpturus as an economically
important fish species within the region as well as other oceanic and pelagic fish from the southern
Java coast should be cooked well before consumption or deep frozen before further processing to
prevent any risk of the Anisakis-infection in humans, locally as well as on the international market.

Keywords: fish parasites, Indonesia, deep-sea fish, zoonotic parasites, Anisakis spp., anisakiasis,
Trypanorhyncha, biodiversity, vertical distribution, zoogeography

Zusammenfassung: Insgesamt wurden 118 Exemplare von kommerziell bedeutenden Fischar-
ten an der Stidkiste Javas, Indonesien, auf ihre Parasitenfauna hin untersucht. Die Fische stammten
aus den pelagisch lebenden Familien Gempylidae (Gempylus serpens und Thyrsitoides marleyi), Trichiu-
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ridae (Trichinrus lepturns) und Bramidae (Brama dussumieri). Zum Vergleich wurde zusitzlich ein Ex-
emplar der Tiefseefischart Akpisaurus ferox und der pelagisch lebende Tylosurus crocodilus crocodilus
untersucht. 38 Parasitenarten wurden nachgewiesen und 23 neue Wirtsnachweise erbracht. Die
Komponentengemeinschaften von T. Jepturus mit 17 Arten/Gattungen und G. serpens mit 16 Ar-
ten/Gattungen erwiesen sich als sehr divers. The Infragemeinschaft war mit 9,1 and 6,5 Arten am
hochsten bei G. serpens and I marleyi. Die Trypanorhyncha aus der Gruppe der Cestoda waren mit
13 Arten die dominierende Ordnung, gefolgt von den Crustacea mit acht, den Nematoda und
Digenea mit jeweils fiinf und den Acanthocephala mit drei nachgewiesen Arten. Die Art Mixonybe-
linia lepturi zeigte die hochsten Befallsintensititen und wurde aus G. serpens, T. marleyi, T lepturus, B.
dussumieriund A. ferox mit Privalenzen von 10-100% und Intensititen von 1-243 isoliert. Die Wirts-
spezifitit der tentaculariiden Trypanorhyncha war sehr gering. Vier Arten befielen gleichzeitig zwi-
schen zwei bis fiinf Arten der untersuchten Fische. Die sich tiberlappenden Befallsmuster in Fi-
schen aus unterschiedlichen Fischfamilien zeugen von einer geringen Spezifitit in den zweiten
Zwischenwirten und weisen darauf hin, dass die Wirtsékologie und nicht die Phylogenie der Fi-
sche fiir den Befall entscheidend ist. Die Helmithen Nybelinia africana, Mixonybelinia lepturi, Tentacnla-
ria coryphaenae, Scolex pleuronectis, Anisakis sp. und Gorgorhynchus cf. robertdollfusi sind charakteristisch
fur die untersuchten Fischarten in einem ozeanischen, bis in die Tiefsee reichenden Lebenstaum,
entlang der tropischen Kontinentalabhangtregion vor der Kiiste Stidjavas. Die hohe Privalenz des
Befalls mit den zoonotischen Larven von Anisakis sp. zwischen 97-100% deutet auf ein hohes
Risiko von riuberischen Fischen hin, sich mit diesen zoonotischen Parasiten zu infestieren. T. leptu-
rus als eine 6konomisch wichtige Fischart sollte, ebenso wie andere ozeanisch-pelagische Fischar-
ten, vor dem Verzehr ausreichend gekocht oder tief gefroren werden, um jegliches Risiko einer
Anisakiasis-Erkrankung fiir den Konsumenten zu verhindern.

Schliasselworter: Fischparasiten, Indonesien, Tiefseefische, Zoonotische Parasiten, Anisakis spp.,
Anisakiasis, Trypanorhyncha, Biodiversitit, vertikales Verbreitungsmuster, Zoogeographie

1. Introduction ever been studied for its parasite fauna,
though fish parasites clearly constitute a

Fish parasitology is an important field in
aquatic sciences. Fish parasites play a ma-
jor role in marine biodiversity, and estimates
suggest up to 100000 species of fish para-
sites. The biodiversity of fish parasites has
been studied by several authors and pub-
lished in parasite-host and host-parasite
checklists. These checklists cover different
geographical regions, such as Canada (Mar-
golis and Arthur 1979, McDonald and Mar-
golis 1995), USA (Love and Moser 1983),
Bangladesh (Arthur and Ahmed 2002), the
Philippines (Arthur and Lumanlan-Mayo
1997), Indonesia (unpublished) and Austra-
lia (Beumer et al. 1983). A checklist of the
metazoan parasite fauna from deep-sea fish
species was published by Klimpel et al.
(2001). To date, only a fraction of the pos-
sible total number of 30,000 to 35,000 exist-
ing fish species (Froese and Pauly 2000) has

166

major part of the living animal species
within the world’s oceans (Palm 2004).

Parasites are of interest for ecological
studies because they can indicate environ-
mental conditions such as eutrophication
(Palm and Dobberstein 1999) and the eco-
logy of the host. For example, fish para-
sites can be used as biological indicators for
fish stock separation (MacKenzie 1983) as
well as for the fish feeding ecology (Camp-
bell et al. 1980, Williams et al. 1992, Palm
1999). Of special interest for the fish con-
sumer are zoonotic parasites, which can
cause diseases and devaluate the fish. Para-
site data can be an economically important
indicator for seafood dealers or brokers as
well as fishery managers (Palm and Over-
street 2000) to get a better understanding
of the occurrence of potential harmful
parasites and the natural infestation patterns



in order to estimate the real threat to hu-
man consumers as well as to the fish han-
dling industry. Due to overexploitation and
overfishing of the natural resources, mod-
ern aqua- and mariculture tries to fulfil the
raising demand for fish and fisheries pro-
ducts. Again, diseases and parasites with
direct life cycles can spread rapidly in aqua-
culture facilities and can cause severe finan-
cial and economical losses due to high fish
mortality rates.

The maritime Nation of Indonesia con-
sists of 17,508 Islands and similar to other
Asian countries, fisheries and marine food
products are a main food resource and play
an important economical role. So far over
400 marine fish parasites have been re-
corded from Indonesian waters. However,
considering Indonesia as the country with
the highest marine biodiversity (approxi-
mately 3,000 marine fish species) and a
large number of expected fish parasites
living in that region, the knowledge on the
marine fish parasite fauna is still scarce.
Following the statement that a fish is in-
fested by an average of more than three
metazoan parasite species (Palm et al. 1999,
Klimpel et al. 2001), less than 4 % of the
expected Indonesian fish parasite diversity
is known to science. First large-scale
studies were carried out between 1952 and
1954 when Yamaguti described the fish
parasite fauna from Indonesian coastal
waters, especially from Sulawesi and adja-
cent waters. The author focused on meta-
zoan parasites, trematodes (Yamaguti 1952,
1953a), monogeneans (Yamaguti 1953b),
nematodes (Yamaguti 1954a), acantho-
cephalans (Yamaguti 1954b), crustaceans
(Yamaguti 1954¢) and cestodes (Yamaguti
1954d). In 1978, several fish species from
the Java Sea were examined for the pres-
ence of zoonotic anisakid nematodes
(Hadidjaja et al. 1978, Ilahude et al. 1978),
which are known to cause the anisakiasis,
a painful inflammation of the human gas-
trointestinal tract (Petersen et al. 1993).
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Most recently, Palm (2000, 2004) studied
the Indonesian trypanorhynch cestodes, a
worldwide distributed taxon of shark pa-
rasites that infest marine teleosts as inter-
mediate hosts. One of the results was be-
sides over 200 new host records and the
description of several new species that the
Indonesian archipelago is at the centre of
trypanorhynch distribution.

Due to overfishing of many natural fish
stocks, the artisanal fisheries along the
southern Java coast of Indonesia is focus-
ing more and more also on oceanic and
deep water species, such as the cutlessfish
and snake mackerels. Though some of
these fish species also become exported
to other Asian nations and also to Europe,
fish parasitological examinations are still
missing. So far, no examinations of the
commercially important pelagic and meso-
pelagic deep water fish species from the
Indian Ocean along the southern coast of
Java do exist. The present study was carried
out in order to examine the metazoan pa-
rasite fauna of the pelagic, deep water
fish species Gempylus serpens (Cuvier, 1829),
Thyrsitoides marleyi (Fowler, 1929), Trichin-
rus lepturns (Linnaeus, 1758), and Brama
dussumieri (Cuvier, 1831) from the southern
Java coast. In addition, the pelagic fish spe-
cies Tylosurus crocodilus crocodilus (Péron and
Lesueur, 1821) and the trypanorhynch
fauna of the deep-sea fish Alpisanrus ferox
(Lowe, 1833), both from the same locality,
were studied for comparison. Special em-
phasis was given to the distribution of the,
especially in tropical waters species rich or-
der Trypanorhyncha, giving first evidence
for a vertical distribution pattern of these
fish parasites along the southern Java coast.
The knowledge on the depth range of
these worldwide distributed parasites is im-
portant for our general understanding on
how the invasion of fish parasites into the
deep-sea might have taken place, and how
the obvious worldwide distribution pattern
of many marine fish helminths has evolved.
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2. Material and Methods

From June-July 2004 a total of 118 pelagic
fish species belonging to Gempylus serpens
(35), Thyrsitoides marleyi (4), Trichinrurs leptn-
rus (55), Brama dussumieri (19) and Tylosurus
crocodilus (5) were examined macro- and
microscopically for the presence of meta-
zoan parasites (table 1). The fish was ob-
tained from artisanal fishermen on the fish
market of the fishing village Pelabuhan
Ratu, southern coast of West Java, Indo-
nesia (6°59” S and 106°33” O).

The examination of the fish followed the
standard protocol after Palm et al. (1998).
After examination of the skin, fins, nasal
capsules and buccal and branchial cavity by
naked eye, the gills were studied separate in
Petri dishes filled with saline under a stereo-
microscope. To study the internal organs
the fish was dissected by opening the body
cavity from anterior to posterior. The body
cavity and mesentery were studied by
naked eye for free moving, encysted or en-
capsulated parasites. All internal organs,
separated in Petri dishes filled with saline,
were studied under a stereo-microscope.
The heart, liver, pyloric caeca and spleen
were studied by pressing the tissue between
the lid and the base of a Petri dish under
the stereomicroscope or by using a cand-
ling table. Additionally, one drop of undi-
luted pyloric and intestine contents was
examined under a light microscope under
10 time magnification. The stomach and in-
testinal contents were mixed with saline and
examined under the stereomicroscope. The
stomach and intestinal wall, belly flaps and

musculature were also studied for encapsu-
lated parasites by using the candling table.
All isolated parasites were then placed in
clean dishes of saline until further fixation.
Additionally, the total length of each fish
specimen was measured and the sex deter-
mined.

The isolated parasites were fixed in 4% for-
mol or in 70% ethanol. The Acanthocephala
were transferred to aqua dest. until the pro-
boscis everted prior to fixation. For identi-
fication purposes, Digenea, Nematoda and
Acanthocephala were transferred into 100%
glycerine (Riemann 1988). The Cestoda
were stained in Acetic carmine, dehydrated
in a gradated ethanol series, cleared with
methyl-salicylate and mounted in Canada
balsam.

To study the tentacular armature and sur-
face ultrastructure of the trypanorhynch
cestodes and the proboscis and body hooks
of the Acanthocephala, some specimens
were dehydrated in a gradated acetone
series, critical point dried with CO, and
mounted with double adhesive tape onto
SEM stubs. These stubs were sputtered with
gold in an argon atmosphere and examined
under a LEITZ-AMR 1000 scanning elec-
tron microscope at 30 kV.

Parasite identification literature included
original descriptions, as well as Gibson et
al. (2002) for Digenea, Palm (2004) for Try-
panorhyncha, Gibson (1973), Moravec
(1994, 1998) and Moravec et al. (1998) for
Nematoda, Golvan (1969) for Acanthoce-
phala and Boxshall and Halsey (2004),
Jones (1985), Kabata (1979) and Yamagu-
ti (1963) for Copepoda. The ecological

Tab. 1: Number (n), total length and sex of the examined fish species.
Tab. 1: Anzahl (n), Gesamtlinge und Geschlecht der untersuchten Fische.

Family Fish species Number | Total length Sex (2/3)
(n) (cm)
Gempylidae | Gempylus serpens 35 64-120 16/19
Gempylidae | Thyrsitoides marieyi 4 79-140 4/0
Trichiuridae | Trichiurus lepturus 55 <70-114 31/24
Bramidae Brama dussumieri 19 24-38 14/5
Belonidae Tylosurus crocodilus 5 71-124 5/0
Alepisauridae | Alepisatirus ferox 1 120 1/0
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Tab. 2: Recorded fish parasites and prevalence of infestation (%) in six fish species from the
southern Java coast, Indonesia. New host records are marked in light grey.

Tab. 2: Nachgewiesene Fischparasiten und Befallsprivalenz (%) in sechs Fischarten von der Stid-
kuste Javas, Indonesian. Neue Wirtsnachweise sind hellgrau eingefirbt.

Fish species
Gempylus serpens
Thyrsitoides marleyi
Trichiurus lepturus
Brama dussumieri
Belonidae
Tylosurus crocodilus
Alepisauridae
Alepisaurus ferox

Trichiuridae
Bramidae

Gempylidae
Gempylidae

Parasites species
Lecithochirium cf. trichiuri Digenea -
Lecithocladium sp. » 8.6 - - _
Prosorhynchoides sp. a - 100 - - -
Hemiuridae indet. " - - - 53 -
Digenea indet. " - - - 5.3 - /
Tentacularia coryphaenae Cestoda 88.6 50 2.9 10.5 - 100
Nybelinia africana " 100 - 94.3 42.1 - 100
Nybelinia indica » 25.7 - - - _ _
Heteronybelinia yamagutii » 88.6 25 - - - -
Heteronybelinia estigmena " - - o 5.3 - -
Mixonybelinia lepturi " 100 25 100 10.5 - 100
Hepatoxylon trichiuri » 2.9 - - - _ _
Sphyriocephalus dollfusi " - - - - 100

Sphyriocephalus tergestinus » - - - 10.5 - -
Pseudogrillotia multimina- W
cantha - - 5.7 - - -

Callitetrarhynchus gracilis " - - 2.9 - - -
Floriceps saccatus » 57 - - - _ _
QOtobothrium penetrans n - - - - 40 _

Tentaculariidae indet. » 100 - 91.4 - - 100
Tetraphyllidea indet. (Scolex B
pleuronectis) 100 100 100 89.5 40 -

Cestoda indet. » - - 34.3 15.7 -
Anisakis sp. Nematoda| 97,1 100 97.1 10.5 -
Pseudanisakis sp. (L2) " 82.8 - - -
Pseudanisakis sp. (L3) " 255 - - 47.3 -
Raphidascaris sp. (L2) " - - . 84.2 -
Raphidascaris sp. (L3) " - 25 22.8 - -
Philometra sp. » - - - - 20
Rhabdochonidae indet. » 97.1 - - - -
25.7 25 14.3 - R

N
N
©
.
:

[ N N

~— =~ ==~

Nematoda indet. »
Gorgorhynchus cf. robertdoll- | Acanthoc.
fusi 51.4 100 51.4 47.4 -

Gorgorhynchus sp. » - - 25.7 - -
Radinorhynchus sp. " - - - 5.3 -
Caligodes laciniatus Cestoda - - - - 20
Caligus elongatus " - - - 10.5 -

Metacaligus uruguayensis " - - 34 - -

Lernanthropinus sp. " - - 57 R

Lernanthropus tylosuri " - - - - 100

Hatschekia conifera " - - 26.3 -
Hatschekia sp. " - 100 - -
Nothobomolochus sp. " - - 2.9 - -

~~ |~~~ =~~~ |~
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terms (e.g. prevalence as percentage of
infested fish per sample, mean intensity as
the mean number of parasites in each in-
fested fish specimen, intensity and mean
density as the mean number of parasites
in 1 ecm? of a fish organ in each infested
fish specimen) follow Bush et al. (1997)
and Margolis et al. (1982).

3. Results

A total of 38 parasite species were found,
and 23 new host records were established.
The predominant parasite was Scolex plen-
ronectzs (unidentified tetraphyllidean larvae)
at a prevalence of 40% to 100%, Anisakis
sp. from 10% to 100% and Mixonybelinia
lepturi from 10% to 100%. The cestode or-
der Trypanorhyncha was the most diverse
taxon during the present study with 13 dif-
ferent species. No myxozoans, monoge-
neans and hirudineans could be detected.
The prevalence of infestation for each pa-
rasite species is given in table 2.

The most diverse parasite fauna (compo-
nent community) was found in Trichinrus
lepturus and Gempylus serpens with 17 and 16
species/taxa, tespectively. Brama dussumieri
also harboured 16 parasites species/taxa,
tollowed by Thyrsitoides marleyi with 10 and
Tylosurus crocodilus crocodilus with 5. The sin-
gle Alepisanrus ferox was infested with 4 dif-
ferent trypanorhynch species. The infra-
community ranged from 9.1 (6-12) in G.
serpens, 5.9 (3-9) and 6.5 (5-8) in T. lepturus
and T. wmarleyi, followed by 4.3 (2-8) and 2

(0-4) in B. dussumieriand T. crocodilus respect-
ively. Between 30.8 and 50% of these spe-
cies consisted of larval trypanorhynchs,
having a species richness of 4.2 (2-6) in G.
serpens, 2 (0-3) in T, lepturus and T. marleyi,
and 1.4 (0-3) in B. dussumieri and 1 in T. ¢ro-
codilus. Details on individual parasite species
with comments on the main species diag-
nostic characters are given below.

3.1. Digenea

Five different Digenea were isolated out of
two families. Prosorbynchoides sp. (Bucepha-
lidae Poche, 1907) from the stomach and
pyloric caeca of Thyrsitoides marleyi was the
most predominant species at a prevalence
of 100% and an intensity of 5-123. The
main characteristic of this species was the
clongated body shape with a simple sucker
(haptor) located apically, a simple and sac-
like intestinal caecum, the follicular vitella-
rium and the conspicuous posterior located
cirrus-sac (fig. 1c).

The Hemiuridae (Looss, 1899) were the
most abundant family. Lecithochirinm cf. tri-
chinri (Gu and Shen, 1981) was isolated from
the stomach of Trichiurus lepturus at a pre-
valence of 22.9% and an intensity of 1-12.
The body shape of this species is fusiform
when the ecsoma is retracted, the ventral
sucker is larger than the oral sucker and the
vitellarium has four shortlobes (fig. 1b). The
genus Lecithocladium (Lihe, 1901) from the
stomach of Gempylus serpens at a prevalence
of 8.6% and an intensity of 1-17 could not

Figs. 1a-d: a Habitus of Lecithocladium sp. from Gempylus serpens. Total length: 10 mm. b Habitus of
Lecithochirium cf. trichinri from Trichiurus lepturus. Total length: 2.1 mm. ¢ Habitus of Prosorhynchoides

sp. from Thyrsitoides marleyi. Total length: 5.3 mm. d Habitus of Hemiuridae indet. from Brama dussu-

mieri. Total length: 0.95 mm. cs=cirrus sac, e=ecsoma, i=intestine, o=ovar, os=oral sucker,

p=pharynx, t=testis, u=uterus, vs=ventral sucker.

Abb. l1a-d: a Habitus von Lecithocladinm sp. aus Gempylus serpens. Gesamtlinge: 10 mm. b Habitus
von Lecithochirium cf. trichinri aus Trichinrus lepturns. Gesamtlinge: 2,1 mm. ¢ Habitus von Prosorhyn-

choides sp. aus Thyrsitoides marleyi. Gesamtlinge: 5,3 mm. d Habitus von Hemiuridae indet. aus Brama

dussumieri. Gesamtlinge: 0,95 mm. cs = Cirrus Sack, e = Ecsoma, i = Darm, o = Ovar, os = Mund-

saugnapf, p = Pharynx, t = Hoden, u = Uterus, vs = Bauchsaugnapf.
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be identified to the species level. This tre-
matode has an elongated body with a long
ecsoma, the oral sucker is funnel-shaped and
much larger than the ventral sucker and the
vitellarium has long, thread-like processes
(fig: 1a). From the stomach of Brama dussu-
mieri a single specimen of Hemiuridae in-
det. (fig. 1d) and one specimen of Digenea
indet. could be isolated.

3.2. Cestoda

The most predominant parasite was Scolex
plenronectis Miller, 1788 (unidentified tetra-
phyllidean larvae). These parasites were pre-
sent in all pyloric caeca and intestines of
the examined fish. The larval stages are
characterised by a scolex with four lateral
and one terminal sucker, an unsegmented
trunk and a body filled with calcareous coz-
puscles.

The Trypanorhyncha Diesing, 1863 was the
predominant cestode order with 13 identi-
fied species out of four families. This group
of parasites also represented a major part
of the infracommunity (see above). These
parasites use teleosts as second intermedi-
ate hosts and elasmobranchs as definitive
hosts. All identified species follow the mor-
phological characters as given in Palm
(2004).

The Tentaculariidae Poche, 1926 was the
most diverse family with six species. They
were found in the stomach wall, the mus-
culature, belly flaps and in the body cavity
of the fish hosts. Tentacularia coryphaenae
(Bosc, 1797) was isolated from the muscu-
lature, belly flaps and body cavity of G. ser-

pens at a prevalence of 88.6% and an inten-
sity of 1-12, and from the stomach wall of
T. marleyi at a prevalence of 50% and an
intensity of 1-2, from T. Jepturus at a preva-
lence of 2.9 and an intensity of 1, from B.
dussumieri at a prevalence of 10.5% and an
intensity of 1 and from A. ferox at a preva-
lence of 100% and an intensity of 3, re-
spectively.

Nybelina africana (Dollfus, 1960) (figs. 2 a-b)
was isolated from the stomach wall and body
cavity of G. serpens at a prevalence of 100%
and an intensity of 4-86, from T. lepturus at
a prevalence of 94.3% and an intensity of
1-31, from B. dussumieri at a prevalence of
42.1% and an intensity of 1-4 and from A.
Jferox in 24 specimens. N. indica (Chandra,
1986) could be isolated from the stomach
wall of G. serpens at a prevalence of 25.7%
and an intensity of 1-2. Heteronybelina yama-
gutii (Dollfus, 1960) (figs. 2 c-f) was found
in the stomach wall, body cavity and belly
flaps of G. serpens at a prevalence of 88.6%
and an intensity of 1-20 and from the stom-
ach wall of T. marleyi at a prevalence of 25%
and an intensity of 2. H. estigmena (Dollfus,
1960) was only collected from the stomach
wall of B. dussumieri at a prevalence of 5.3%
and an intensity of 2. M. /epturi Palm, 2004
was the parasite species with the highest
intensity and was isolated from G. serpens at
a prevalence of 100% and an intensity of
20-243, from T. marleyi at a prevalence of
25% and an intensity of 1, from T. lepturus
at a prevalence of 100% and an intensity
of 2-67, from B. dussumieri at a prevalence
of 10.5% and an intensity of 1-2 and from
A. feroxin 20 specimens. Out of the family

Figs. 2a-f: Nybelinia africana trom Gempylus serpens; a habitus, b metabasal armature of the tentacle
(b). Scale bar: a= 112 um, b= 8 pm. Heteronybelinia yamagntii from Gempylus serpens; ¢ habitus, d basal
part of the tentacles, e metabasal armature, f apical part of tentacle. Scale bar: ¢c=320 pm, d=36 um,

e=16 pm, f=16 um.

Abb. 2a-f: Nybelinia africana aus Gempylus serpens; a Habitus, b metabasaler Bereich des Tentakels.
Scale bar: a = 112 um, b = 8 um. Heteronybelinia yamagutii aus Gempylus serpens; ¢ Habitus, d basaler
Bereich der Tentakel, e metabasaler Bereich des Tentakels, f apikaler Bereich des Tentakels. Maf3-
stab: ¢ = 320 um, d = 36 um, e = 16 um, f = 16 pm.
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Sphyriocephalidae Pinter, 1913, three spe-
cies could be isolated. Hepatoxylon trichiuri
(Holten, 1802) was found in the body cav-
ity of G. serpens at a prevalence of 2.9%
and an intensity of 1. One single specimen
of Sphyriocephalus dollfusi (Bussieras and Al-
drin, 1968) was isolated from the stomach
wall A. ferox and two specimens of Sphyrio-
cephalus tergestinus (Pinter, 1913) (figs. 3 a-b)
were collected from the stomach wall of B.
dussumieri.

Three species of the family Lacistorhyn-
chidae Guiart, 1927 were identified. One
specimen of Callitetrarhynchus gracilis (Pint-
ner, 1931) and Pseudogrillotia multiminacantha
Palm, 2004 at a prevalence of 5.7% and an
intensity of 3-4 were isolated from the body
cavity of T. lepturus. Floriceps saccatus (Cuvier,
1817) (figs. 3c-f) was found in a blastocyst
in the body cavity of G. serpens at a preva-
lence of 5.7 and an intensity of 1-2. Out
of the family Otobothriidae Dollfus, 1942,
only Otobothrium penetrans (Linton, 1907)
could be isolated from the musculature of
T. crocodilus at a prevalence of 40% and an
intensity of 1-2. Some isolated trypa-
nothynchs from Gempylus serpens, Trichinrus
lepturns and Alepisanrus ferox could not be
identified to the species level because of
inverted tentacles. Due to further morpho-
logical characters the identification to the
family level was possible and they were
treated as Tentaculariidae indet. In Gempy-
lus serpens, Trichinrus lepturus, Thyrsitoides mar-
leyi and Brama dussumieri further cestode lar-
vae were found which could not be iden-
tified because of the developmental stage.
These larvae were treated as Cestoda indet.

3.3. Nematoda

The predominant nematode family was the
Anisakidae Railliet and Henry, 1912 and
from this family, three genera were identi-
fied. The larval stages (L.3) of Anisakis
Dujardin, 1845 with the characteristic long
ventriculus, the mucron at the posterior end
and the three primordial lips with the bor-
ing tooth at the anterior end were isolated
from the body cavity of Brama dussumieri at
a prevalence of 10.5% and an intensity of
1-2, of Gempylus serpens at a prevalence of
97.1% and an intensity of 1-32, of Thyrsi-
toides marleyi at a prevalence of 100% and
an intensity of 9-25 and of Trichiurus leptu-
rus at a prevalence of 97.1% and an inten-
sity of 1-70. The genus Pseudanisakis Lay-
man and Borovka, 1929 was found as 1.2
and L3 stages in the body cavity, stomach
wall and pyloric caeca. The L2 stages from
Gempylus serpens were isolated at a prevalence
of 82.8% and an intensity of 2-44 and the
L3 stages at a prevalence of 25.7% and an
intensity of 1-3. From Brama dussumieri the
L3 stages was isolated at a prevalence of
47.3% and an intensity of 1-4. The mor-
phological characteristics are the head with
three lips but without boring tooth, the long
ventriculus and the conical tail. The larval
stages of the genus Raphidascaris Railliet and
Henry, 1915 are characterised by a head with
three lips and a boring tooth, an almost
spherical ventriculus with a posterior di-
rected ventricular appendix and a conical
tail. The 1.2 stages were isolated from the
stomach wall of Brama dussumieri at a pre-
valence of 84.2% and an intensity of 1-210.

Figs. 3a-f: Sphyriocephalus tergestinus from Brama dussumieri; a pars bothrialis with two tentacles,

b basal part of tentacular armature. Scale bar: a=221 um, b=15 pm. Floriceps saccatus from Gempylus

serpens; ¢ Scolex, d apical part of tentacle, e metabasal armature, f external hooks. Scale bar: ¢=16 pm,

d=7 um, e=94 um, f=16 um.

Abb. 3a-f: Sphyriocephalus tergestinus aus Brama dussumieri; a Bothridie mit zwei Tentakeln, b basaler

Bereich des Tentakels. MaBstab: a = 221 um, b = 15 pum. Floriceps saccatus aus Gempylus serpens; c

Scolex, d apikaler Bereich des Tentakels, e metabasaler Bereich des Tentakels, f externe Haken.
Malstab: ¢ = 16 um, d = 7 um, e = 94 um, f = 16 um.
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The L3 stages were isolated from the body
cavity of Thyrsitoides marleyi at a prevalence
of 25% and an intensity of 2 and from Tr-
chinrus lepturus at a prevalence of 22.8% and
an intensity of 1-5. The genus Philometra
(Philometridae Baylis and Daubney, 1920)
was found in the musculature of Tylosurus
crocodilus crocodilus at a prevalence of 20%
and an intensity of 3. These adult nemato-
des with an average total length of 13,5 cm
were dark red coloured and contained vi-
able larvae. Nematodes of the family Rhab-
dochonidae Travassos, Artigas and Peieira,
1928 could not be identified to the species
level. They were isolated as adults from the
body cavity of Gempylus serpens at a preva-
lence of 97.1% and an intensity of 1-44.
The morphological characters are the ab-
sence of pseudolabia, the spherical ventri-
culus and the conical tail with a cuticular
spike on the tip. Some isolated nematodes
from Gempylus serpens, Thyrsitoides marleyi and
Trichinrus lepturus could not be identified and
were termed Nematoda indet.

3.4. Acanthocephala

All collected Acanthocephala belonged to
the family Rhadinorhynchidae Travassos,
1923. The cystacanth of Gorgorhynchus cf.
robertdollfusi (Golvan, 19506) was isolated
from the body cavity of Brama dussumieri at
a prevalence of 47.4% and an intensity of
1-4, of Gempylus serpens at a prevalence of
51.4% and an intensity of 1-4, of Thyrsito-
ides marleyi at a prevalence 100% and an in-
tensity of 5-14 and of Trichinrus lepturus at a
prevalence of 51.4% and an intensity of 1-
12. The elongated body of this Acanthoce-

phala has an elliptic proboscis with 18 rows
of eight hooks each, a long neck and a field
with cuticular hooks (fig. 4a). From the py-
loric caeca of Trichiurus lepturns a further
species of the genus Gorgorbynchus Chadler,
1934 was found at a prevalence of 25.7%
and an intensity of 1-2. The proboscis had
23 rows of eight to nine hooks each, a short
neck and a field with cuticular hooks (figs.
4b-d). Two adult specimens of the genus
Rbhadinorbynchus Lihe, 1911 were isolated
from the intestine of Brama dussumieri at a
prevalence of 5.3% and an intensity of 2.
The characters of this genus are the long
proboscis with 17 rows of 43 hooks each, a
slender neck and two fields with a few cuti-
cular hooks (figs. 4e,f).

3.5. Crustacea

All isolated Crustacea belonged to the Co-
pepoda. The predominant family was the
Caligidae Burmeister, 1835 with three iden-
tified species. Some morphological charac-
ters of this family are the broad, dorsal-
ventrally flattened carapace, the fusion of
the first three thorax segments with the
head, the enlarged genital segment and no
sexual dimorphism. One female specimen
of Caligodes lacinatns (Kroyer, 1863) was at-
tached to the gills of Tylosurus crocodilus cro-
codilus at a prevalence of 20% and an inten-
sity of 1. The most important character of
this genus is the acron-shaped genital seg-
ment which is prolonged at its posterior
corners. One female and one male speci-
men of Caligus elongatus (Nordmann, 1832)
were isolated from the gills of Brama dussu-
mieri at a prevalence of 10.5% and an in-

Figs. 4a-f: a Gorgorhynchus cf. robertdolfusi from Gempylus serpens. Scale bar: 193 um. Gorgorhynehus sp.
from Trichinrns lepturus; b habitus, ¢, d proboscis. Scale bar: b=526 um, c=110 um, d=80 um. Rhadi-
norhynchus sp. from Brama dussumieri; € proboscis, f cuticular hooks. Scale bar: e=180 um, =50 um.
Abb. 4a-f: a Gorgorbynchus ct. robertdolffusi aus Gempylus serpens (a). MalB3stab: 193 um. Gorgorbynchus sp. aus
Trichinrus lepturns, b Habitus, ¢, d Proboscis. MaBstab: b = 526 um, ¢ = 110 um, d = 80 um. Rhadinorhyn-
chus sp. aus Brama dussumieri, e Proboscis, f cuticulare Haken. MafB3stab: e = 180 pum, f = 50 um.
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tensity of 1 (fig. 5a). Metacaligns urugnayensis
(Thomsen, 1949) was attached to the oral
cavity of Trichinrus lepturus. The isolated male
and female (fig. 5b) specimens had a preva-
lence of 34% and an intensity of 1-2. One
important character of this genus is the ab-
sence of the sternal furca. Out of the fam-
ily Lernanthropidae Kabata, 1979, one ge-
nus and one species were identified. This
family has a distinct sexual dimorphism in
body size and shape. The female’s head is
fused with the first thorax segment to a
pytiform cephalothorax and a dorsal cara-
pace with ventrally turned margins. The
other segments are fused with the genital
segment covered by a backwards prolonged
dorsal plate (Yamaguti 1963). The cephalo-
thorax of the males contains the first seg-
ment and all other thoracic and genital seg-
ments are fused into an elongate trunk (Ya-
maguti 1963).

Lernanthropinus Do in Ho and Do, 1985
from the gills of Trichiurus lepturuswas found
as male and female specimens at a preva-
lence of 5.7% and an intensity of 1-5 (figs.
5e,f). From the gills of Tylosurus crocodilus
crocodilus the species Lernanthropus tylosuri
(Richiardi, 1880) was isolated at a preva-
lence of 100% and an intensity of 4-23 (figs.
5¢,d). One species and one genus of the
family Hatschekiidae Kabata, 1979 were
identified. One of the characters of this

family is the reduction in both appendages
and segmentation of the body and form of
a cylindrical trunk. From the gills of Brama
dussumieri, Hatschekia conifera (Yamaguti,
1939) was isolated at a prevalence of 26.3%
and an intensity of 1-2. The genus Hatsche-
kia Poche, 1902 was attached to the gills of
Thyrsitoides marleyi at a prevalence of 100%
and an intensity of 3-110. A single speci-
men of the genus Nothobomolochus Vervoort,
1962 (Bomolochidae Sumpf, 1871) was iso-
lated from the gills of Truchiurus lepturns. The
body shape is “cyclopodid”, the head is
fused with the first segment to a cephalo-
thorax and the rest of the body tapered
backwards. The genital segment is a fusion
of seven thorax segments and the first ab-
dominal segment and the first antenna
shows a modification with three stable, cu-
ticular outgrowths instead of the third,
fourth and fifth seta.

4. Discussion

4.1. Parasite fauna of the examined
fish species

4.1.1. Trichiurus lepturus
The most diverse parasite fauna (compo-

nent community) was found in Trichinrus
lepturus with 17 species/taxa belonging to

Figs. b5a-f: a Habitus of Caligus elongatns from Brama dussumieri, female. Total length: 4.8 mm.
b Habitus of Metacaligus urugnayensis from Trichinrus lepturns, female. Total length: 7.0 mm. ¢ Habitus
of Lernanthropus tylosuri from Tylosurus crocodilus, female. Total length: 8.0 mm (without egg sacs).
d Habitus of Lernanthropus tylosuri from Tylosurus crocodilus, male. Total length: 3.0 mm. e Habitus of
Lernanthropinus sp. from Trichiurns lepturus, female. Total length: 3.2 mm (without egg sacs). f Habitus
of Lernanthropinus sp. from Trichiurus lepturns, male. Total length: 3.0 mm. a=antenna, ct=cephalothorax,
es=egg sac, fp=frontal plate, gs=genital segment, 1=leg, t=thorax.

Abb. 5 a-f: a Habitus von Caligus elongatus aus Brama dussumieri, Weibchen. Gesamtlinge: 4,8 mm. b
Habitus von Metacaligns nurngnayensis aus Trichinrus lepturus, Weibchen. Gesamtlinge: 7,0 mm. ¢ Habi-
tus von Lernanthropus tylosuri aus Tylosurus crocodilus, Weibchen. Gesamtlinge: 8,0 mm (ohne Eisicke).
d Habitus von Lernanthropus tylosuri aus Tylosurus crocodilus, Minnchen. Gesamtlinge: 3,0 mm. e Ha-
bitus von Lernanthropinus sp. aus Trichiurus lepturus, Mannchen. Gesamtlinge: 3.2 mm (ohne Fisidcke).
f Habitus von Lernanthropinus sp. aus Trichinrus lepturus, Mannchen. Gesamtlinge: 3,0 mm. a=Antenne,
ct=Cephalothorax, es=Eischlauch, fp=Frontalplatte, gs=Genitalsegment, 1=Bein, t=Thorax.
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Tab. 3: Parasite fauna of Trichinrus lepturus, n=35 (a=adult, 1=larva, bc=body cavity, g=gills, i=
intestine, me=mesentery, oc=oral cavity, p= pyloric caeca, s=stomach, sw=stomach wall, *=mean

density (density)/cm?)

Tab. 3: Parasitenfauna von Trichinrus lepturns, n = 35 (a = adult, 1 = larval, bc = Leibeshohle, g =
Kiemen, i = Darm, me = Mesenterien, oc = Mundhéhle, p = Pylorische Darmanhinge, s = Magen,
sw = Magenwand, * = Mittlere Dichte (Dichte)/cm?)

Parasite species al Locality Prevalence | Mean intensity (inten-
[%] sity)
Digenea
Lecithochirium cf. _trichiuri a s 22.9 3.1 (1-12)
Cestoda
Tentacularia coryphaenae | sw 2.9 1(1)
Nybelinia africana | sw; be 94.3 8.3 (1-31)
Mixonybelinia lepturi | sw; bc 100 19 (2-67)
Pseudogrillotia multiminacantha | bc 5.7 3.5(3-4)
Callitetrarhynchus gracilis | bc 29 11
Tentaculariidae indet. 1 sw; bc 91.4 7.7 (1-39)
Tetraphyllidea indet. (Scolex pleuronectis) | | i;p 100 615 (15-1269)*
Cestoda indet. 1 s; i p; be 34.3 2 (1-4)
Nematoda
Anisakis sp. 13 bc; me 971 16.5 (1-70)
Raphidascaris sp. 13 me 23 2.1 (1-5)
Nematoda indet. - bc; me 14.3 2 (1-5)
Acanthocephala
Gorgorhynchus cf. robertdollfusi | me 51.4 2 (1-12)
Gorgorhynchus sp. | p 25.7 1.2 (1-2)
Copepoda
Lernanthropinus sp. a g 5.7 3 (1-5)
Metacaligus uruguayensis a oc 34 1.3 (1-2)
Nothobomolochus sp. a g 2.9 1)

five orders as can be seen in table 3. The
infracommunity was species rich, with a
mean of 5.9 and up to 8 parasite species in
each infested fish specimen. The distributi-
on of the benthopelagic T. lepturus is
throughout the tropical and temperate
waters of the world, in a depth range
between 0-385 m and occasionally in shal-
low waters and at the surface during the
night. Adults mainly feed on fish such as
anchovies, sardines, myctophids and occa-
sionally on squids and crustaceans (Naka-
mura and Parin 1993). The typical standard
length is between 50 and 100 cm.

In comparison to the other examined fish
species within the present study, the parasite
fauna of T. lepturus is well known due to a
high commercial interest into the species. The
digenean Lecithichirium cf. trichiuri was first
described from Gu and Shen (1981) for Ti-
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chinrus haumela, and Shih (2004) and Shih et
al. (2004) described L. #richiuri also for T. lep-
turus from Taiwanese waters. Also two other
species of the genus Lecithichirium were
catlier described from the cuttless fish T /p-
turus, with L. acutum from the coast of Ku-
wait (Nahhas and Sey 2002) and L. wic-
rostomum from the coast of Rio de Janeiro
(Da Silva et al. 2000). The cestode larvae of
Scolex: plenronectis were isolated at a prevalence
of 100% and a density up to 1269 per cm?.
Da Silva et al. (2000) detected a prevalence
of 96.3% from the coast of Rio de Janeiro
and Radhakrishnan et al. (1984) a prevalence
of 75% from the south-western coast of
India. The trypanorhynch cestode fauna of
T lepturns was well studied by Palm (2004),
and the species Tentacularia coryphaenae, Nybe-
linia africana, Mixonybelinia lepturr, Pseudogrillot-
ia nnltiminanatha and Callitetrarhynchus gracilis



were collected within the present study. In
contrast, Da Silva et al. (2000) recorded only
Callitetrarhynchus gracilis from: Trichiurus leptu-
rus from the coast of Rio de Janeiro.

Two Nematoda genera were identified,
Apnisakis sp. and Raphidascaris sp. Both spe-
cies are already known from T. lepturus, and
also da Silva et al. (2000) recorded these
nematodes from Brazil. The acanthoce-
phalans Gorgorbynchus cf. robertdollfusi and
Gorgorhynchus sp. as well as the copepod
genera Lernanthropinus and Nothobomolochus
represent new host records. The third co-
pepode species, Metacaligns nruguayensis,
which was located in the buccal cavity of
its host, has been recorded for T. lepturus
by Ho and Bashirullah (1977) and da Silva
et al. (2000).

Summarizing the above, T. /epturus serves for
the digeneans and the copepods as a final

host and for the cestodes, nematodes and
acanthocephalans as intermediate or parate-
nic host, where the larval stages accumulate
until they reach their final host. T. lepturus
tepresents an important parasite transmitter
within the region, especially for the mam-
malian and elasmobranch final hosts.

4.1.2. Gempylus serpens

Gempylus serpens is a worldwide distributed,
strictly oceanic fish species in the tropical
und subtropical regions with a typical stan-
dard length of 60 cm and a maximum length
of 100 cm (Nakamura and Parin 1993). It
preys on fishes, squids and crustaceans and
inhabits the epi- and mesopelagial, having
a depth range from the surface down to 600
m due to extensive vertical migration
(Froese and Pauly 2005).

Tab. 4: Parasite fauna of Gempylus serpens, n=35 (a=adult, 1=larva, bc=body cavity, bf= belly
flaps, i= intestine, me=mesentery, p= pyloric caeca, s=stomach, sw=stomach wall, ¥ =mean

density (density)/cm?)

Tab. 4: Parasitenfauna von Gempylus serpens, n = 35 (a = adult, 1 = larval, bc = Leibeshéhle, bf =
Bauchlappen, i = Darm, me = Mesenterien, p = Pylorische Darmanhinge, s = Magen, sw = Ma-

genwand, * = mittlere Dichte (Dichte)/cm?)

Parasite species all Locality Prevalence[%] | Mean intensity (inten-
sity)

Digenea
Lecithocladium sp. a s 8.6 6.3 (1-17)
Cestoda
Tentacularia coryphaenae { be; bf; m; sw 88.6 3.2 (1-12)
Nybelinia africana | sw; bc 100 32 (4-86)
Nybelinia indica | sw; bc 25.7 1(1-2)
Heteronybelinia yamagutii ] sw; be; bf 88.6 5.5 (1-20)
Mixonybelinia lepturi | sw; bc 100 100.8 (20-243)
Hepatoxylon trichiuri | bc 2.9 11
Floriceps saccatus | be 57 1.5 (1-2)
Tentaculariidae indet. | sw; bc 100 52.5 (4-543)
Tetraphyllidea indet. (Scolex pleuronectis) | | i p 100 131 (1-623)*
Cestoda indet. | i 2.9 1(1)
Nematoda
Anisakis sp. 13 me 97.1 9.7 (1-32)
Pseudanisakis sp. 12 bc; me; sw; p 82.8 17.4 (2-44)
Pseudanisakis sp. 13 bc; me; sw; p 25.7 1.3 (1-3)
Rhabdochonidae indet. a s 97.1 12.3 (1-44)
Nematoda indet. - bc; me 25.7 1.7(1-6)
Acanthocephala
Gorgorhynchus cf. roberidolifusi | me 51.4 1.7 (1-4)
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The parasite fauna of G. serpens with 16
species/taxa (component community) was
similar diverse than the parasite fauna of
Trichinrus lepturus, however, the intensities
were the highest (see table 4). The infra-
community was also the species richest, with
a mean of 9.1 and up to 12 parasite species
in each infested fish specimen. 45.9% of
these belonged to the trypanorhynch ces-
todes. Parasitological surveys of G. serpens
are scarce. Blend et al. (1999) studied this
fish species for its metazoan parasite fauna
in the Golf of Mexico. The authors de-
tected the cestode Scolex polymorphus, the
digeneans Minlicaecum, Torticaecum and Go-
nocerca phycidis as metacercaria and Dinurus
barbatus as adults. Further parasites were the
nematode genus Anisakis, the acanthoce-
phalan Gorgorbynchus robertdollfusi and the
copepods Bomwolochus sp. and Sarcotretes gem-
pyli. Within the present study, Scolex pleuronec-
tis (= Scolex plymorphus), Anisakis sp. and

Gorgorlynchus ct. robertdollfusi were also col-
lected, while the adult digenean of the ge-
nus Lecithocladinm was recorded for the first
time for this host. The nematode genera
Psendanisakis and the family Rhabdochon-
idae represent new host records. The try-
panorhych cestode fauna was also highly di-
verse, consisting of seven different species:
Tentacularia coryphaenae, Nybelinia africana, N.
indica, Heteronybelinia yamagutii, Mixonybelinia
lepturi, Hepatoxylon trichiuri, Floriceps saccatus
(see Palm 2004). The high prevalence of
infestation, with nine species reaching over
50% and high intensities, identifies G. ser-
pens as an imporatant paratenic host for lar-
val metazoan helminths. Especially for the
predominant trypanorhynch cestodes and
the nematode genus Pseudanisakis, G. serpens
serves as an important parasite transmitter
into the elasmobranch final hosts. Inter-
estingly, mainly oceanic trypanorhynchs be-
longing to the Tentacularioidea and the

Tab. 5: Parasite fauna of Brama dussumieri, n=19 (a=adult, 1=larva, bc=body cavity, g=gills, i= intes-
tine, me=mesentery, s=stomach, sw=stomach wall, * =mean density (density)/cm?).

Tab. 5: Parasitenfauna von Brama dussumieri, n = 19 (a = adult, 1 = larval, bc = Leibeshohle, g = Kiemen,
i= Darm, me = Mesentetien, s = Magen, sw = Magenwand, * = mittlere Dichte (Dichte)/cm?).

Parasite species all Locality Prevalence Mean intensity
[%] (intensity)
Digenea
Hemiuridae indet. a 53 1(1)
Digenea indet. a 5.3 11
Cestoda
Tentacularia coryphaenae | sw 10.5 1N
Nybelinia africana | sw; bc 42.1 2.25 (1-4)
Heteronybelinia estigmena | sw 5.3 2(2)
Mixonybelinia lepturi | sw; be 10.5 1.5 (1-2)
Sphyriocephalus tergestinus 1 sw 10.5 2(2
Tetraphyllidae indet. {Scolex pleuronectis) | i 89.5 57 (5-218)*
Cestoda indet. | bc; i s 15.7 1.3 (1-2)
Nematoda
Anisakis sp. 13 bc; me 10.5 1.5 (1-2)
Pseudanisakis sp. 13 bc; me 47.3 2.2 (1-4)
Raphidascaris sp. 12 sw 84.2 20.1 (1-210)
Acanthocephala
Gorgorhynchus cf. robertdolifusi | me 47.3 1.4 (1-4)
Rhadinorhynchus sp. a i 53 2(2)
Copepoda
Caligus elongatus a g 10.5 1M
Hatschekia conifera g 26.3 1.2 (1-2)
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mammalian nematode Anisakis sp. at a
prevalence of 97% were found. For this
nematode, toothed whales serve as final
host, indicating a very important role of
Gempylus serpens within the oceanic and also
deep-sea food web.

4.1.3. Brama dussumieri

Brama dussumieri is a circumtropical, pelagic
and oceanodromous deep water fish spe-
cies with a standard length of 19 cm (Froe-
se and Pauly 2005). It typically occurs pela-
gic in deep waters, and its feeding ecology
is not known. The parasitological survey of
Brama dussumieri is limited to the order Try-
panorhyncha from the southern coast of
Java (Palm 2004). The present study illus-
trates for the first time the metazoan para-
site fauna of this pelagic deep-sea fish, dem-
onstrating a diverse component community
of 16 species/taxa (see table 5). The infra-
community was less species rich than in the
gempylids and trichiurid, with a mean of
4.3 and up to 8 parasite species in each in-
fested fish specimen. B. dussumieri serves as

final host for the digenean trematode fami-
ly Hemiuridea, for the acanthocephalan
Radinorhynchus sp. and for the copepods
Caligus elongatus and Hatschekia conifera. B.
dussumieri serves as intermediate host for the
larval stages of the cestode Scolex: pleuronec-
15, the nematodes Raphidascaris sp. and Pseud-
anisakis and for the acanthocephalan Gor-
gorhynchus ct. robertdollfusi. Beside the occur-
rence of the trypanorhynchs Tentacularia co-
ryphaenae, Nybelinia africana, Heteronybelinia
estigmena and Spyriocephalus tergestinus (see
Palm 2004), Mixonybelinia lepturi represents
a new host record. Due to the high diver-
sity of trypanorhynchs, especially belonging
to the Tentacularioidea with an oceanic and
extended 4-host life cycle, and the infesta-
tion with Pseudanisakis sp., Brama dussumier:
is an important transport host for these pa-
rasites into their final elasmobranch hosts.
B. dussumieri, however, also might serve as
an important prey of large predatory fishes
within the region because of its small size.
The infestation with larval Gorgorhynchus sp.
and Raphidascaris sp., which use teleosts as
final host, underlines this assumption.

Tab. 6: Parasite fauna of Thyrsitoides marleyi, n=4 (a=adult, 1=larva, bc=body cavity, g=gills, i= intestine,

me=mesentety, p= pyloric caeca, s=stomach, , sw=stomach wall, * =mean density (density)/cm?

Tab. 6: Parasitenfauna von Thyrsitoides marleyi, n = 4 (a = adult, | = larval, bc = Leibeshéhle, g =

Kiemen, i = Darm, me = Mesenterien, p = Pylorische Darmanhinge, s = Magen, sw = Magen-

wand, * = mittlere Dichte (Dichte)/cm?)

Parasite species all Locality Prevalence [%] | Mean intensity

(intensity)

Digenea

Prosorhynchoides sp. a s;p 100 47.5 (5-123)

Cestoda

Tentacularia coryphaenae | SW 50 1.5 (1-2)

Heteronybelinia yamagutii | SwW 25 2(2)

Mixonybelinia lepturi 1 sw 25 1(1)

Tetraphyllidea indet. (Scolex pleuronectis) | i 100 2 (1-3)*

Nematoda

Anisakis sp. 13 bc; me 100 15.8 (9-25)

Raphidascaris sp. 13 me 25 2(2)

Nematoda indet. - me 25 11 (1)

Acanthocephala

Gorgorhynchus cf. robertdollfusi 1 me 100 10.3 (5-14)

Copepoda

Hatschekia sp. a g 100 34.5 (3-110)
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4.1.4. Thyrsitoides marleyi

Thyrsitoides marleyi is distributed in the Indo-
West-Pacific and inhabits the bentho-meso-
pelagial down to a depth of 400 m, and
migrates to surface at night. The standard
length is between 50-100 cm and the maxi-
mum length is 150 cm. It preys upon a com-
position of fish, squids and crustaceans
(Nakamura and Parin 1993).

The metazoan parasite fauna of Thyrsitoides
marleyi until now is insufficiently known.
With the present study, 10 different para-
site species could be identified (component
community, see table 6). The infracommu-
nity was also species rich, with a mean of
6.5 and up to 8 parasite species in each in-
fested fish specimen. Again, with Tentacula-
ria coryphaenae, Heteronybelinia yamagntii and
Mixonybelinia lepturi, several trypanorhynch
cestodes were collected (see also Palm
2004). The host-parasite list by Klimpel et
al. (2001) summarized the parasite fauna of
T. marleyi from the Mocambique coast (In-
dian Ocean). The monogeneans Gempylitre-
ma sp. and Winkenthugesia sp., the cestodes
Nybelinia sp. and Scolex plenronectis, the ne-
matode Awnisakis sp., the acanthocephalan
Bolbosoma sp. and the copepod Lernanthro-
pus lativentris were detected. Only Scolex plen-
ronectis and Anisakis sp. also occurred in T.
marleyi from the southern Java coast. In ad-
dition, the digenean genus Prosorhynchoides,

Tab. 7: Parasite fauna of Tylosurus crocodilus,

m=musculature, *=mean density (density)/cm?).

the nematode genus Raphidascaris, the acan-
thocephalan Gorgorhynchus cf. robertdollfusi
and the copedod genus Hatschekia were
found. Ho and Lin (2003) collected the
copepod Caligns digitatus from the deep-sea
of the north eastern coast of Taiwan. T.
marleyi serves for Prosorhynchoides sp. and
Hatschekia sp. as final host and for the other
isolated parasites as intermediate host.
Again, the trypanorhynchs and the infesta-
tion with Awisakis sp indicate an important
role as a parasite transmitter into the elas-
mobranch and marine mammal final hosts.

4.1.5. Tylosurus crocodilus crocodilus

Dylosurus crocodilus crocodilus is a tropical dis-
tributed pelagic fish species with a very low
depth range between 0-13 m. The average
standard length is 90 cm and the maximum
total length is 150 cm. The species preys
on fish (Froese and Pauly 2005). The para-
site diversity of this fish species was low,
with only five recorded species (component
community, see table 7). The infracommu-
nity consisted of a mean of 2 up to 4 para-
site species in each infested fish specimen.
For the nematode Philometra sp. and for the
copepods Lernanthropus tylosuri and Caligo-
des lacinatus, . crocodilus crocodilus is the final
host. The cestodes Scolex plenronectis and
Otobothrium penetrans are typical elasmo-
branch parasites. Parasitological examina-

n=5 (a=adult, 1=larva, g=gills, i=intestine,

Tab. 7: Parasitenfauna von Tylosurus crocodilus,n = 5 (a = adult, 1 = larval, g = Kiemen, i = Darm, m

= Musculatur, * = mittlere Dichte (Dichte)/cm?).

Parasite species all Locality Prevalence Mean intensity

[%] (intensity)

Cestoda

Otobothrium penetrans | m 40 (1-2)

Tetraphyllidea indet. (Scolex pleuronectis) | i 40 8.5 (1-16)*

Nematoda

Philometra sp. a m 20 3(3)

Copepoda

Caligodes laciniatus g 20 1(D

Lernanthropus tylosuri g 100 10 (4-23)
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tions of this fish species are known from
Philippine waters (Petersen et al. 1993). The
authors also recorded Philometra sp. and Oto-
bothrium penetrans from the musculature. The
trypanorhynch O. penetrans only occurs in
the flesh of belonids and hemirhamphids,
which feed on a variety of organisms taken
from the surface layer of the sea (Petersen
et al. 1993). Carcharhinid and sphyrnid
sharks serve as final hosts, infesting them-
selves by preying upon T. crocodilus in the
surface waters. Consequently, Otobothrinm
penetrans can be considered having a life
cycle in coastal surface waters, and does not
infect the studied deep-sea fish. T. crocodilus
was free of tentaculariid trypanorhynchs,
and the parasite fauna had nothing in com-
mon with that of the other oceanic and
deep-water species.

4.1.6. Alepisaurus ferox

Alepisanrus ferox is a worldwide distributed
oceanic predator in the epi- and mesopela-
gic layers of the tropical and subtropical
regions. The depth range of this vertical
migrator is between 0 to 1830 m and the
maximum total length is 215 cm. This fish
preys upon a composition of fish, cephalo-
pods, and tunicates (Froese and Pauly 2005).
Also this oceanic fish harboured a highly
diverse trypanorhynch cestode fauna, how-
ever, consisting only of the tentacularioids
Tentacularia coryphaenae, Nybelinia africana,
Mixconybelinia lepturs, Sphyriocephalus dollfusi and
Tentaculariidae indet.

4.2. Characterisation of the oceanic
and deep-sea parasite fauna

The parasite diversity of the four studied
oceanic and deep-sea fishes from the
southern Java coast, Indonesia, was high,
with 17 species/genera isolated from Trr-
chinrus lepturns, 16 species/genera from Gen-
pylus serpens, 16 species/genera from Brama
dussumieri and 10 species/genera from Thyr-
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sitoides marleyi. According to the infracom-
munity, the mean species number was high,
ranging from 4.3-9.1. Between 30.8 and
50% of the isolated species belonged to the
cestode order Trypanorhyncha. All these
fish can be characterized by a predatory,
largely piscivorous feeding behaviour, and
with the exception of B. dussumieri all are
known for extensive daily vertical migra-
tions. Consequently, all of them are able to
prey upon a wide range of prey items, and
can accumulate a wide range of different
metazoan parasites, with most of them gett-
ing transmitted via the marine food web.

Comparison of the parasite species from
each examined fish species demonstrates
that adult parasites seem to be very host
specific. Especially the Copepoda are of-
ten highly adapted to a specific host and
site, e.g. Metacaligus nrugnayensis on I. leptu-
rus. This contrasts a low level of host speci-
ficity in most larval stages. The cestodes
Scolex: pleuronectis, Mixonybelina lepturi and
Tentacularia coryphaenae as well as the nema-
todes Anisakis sp. and the acanthocephalan
Gorgorhynchus cf. robertdollfusi were detected
in all four fish species. Nybelina africana was
isolated from three and Heteronybelinia ya-
magutii, Raphidascaris sp. and Psendanisakis sp.
from two of the four fish species. In con-
trast, nine other parasite species in the lar-
val stage appeared to be host specific, e.g
the three species of the trypanorhynch fam-
ily Lacistorhynchidae occurred only within
a single host species. However, Palm (2004)
already demonstrated that also these para-
sites can infest a wide variety of different
fish hosts, thus also having low host speci-
ficity. For example, Nybelinia indica was iso-
lated only from G. serpens and appeared to
be highly host specific. Palm (2004) re-
corded 28 intermediate hosts for this spe-
cies. Nybelinia indicais worldwide distributed
and occurs in several oceanic teleosts as in-
termediate and in widely distributed sharks
as final hosts. Similarly, Floriceps saccatus was
found to be host specific within the pre-
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sent study and Palm (2004) recorded 16
different fish intermediate hosts. Palm
(2004) postulated that in both, intermedi-
ate and final hosts, the different trypa-
norhynchs are not random collections of
locally available species but represent struc-
tured packets of parasites that travel to-
gether with other helminths along common
and reliable transmission routes into the fi-
nal host. Species such as the trypanorhynchs,
many nematodes and also acanthocephalans
indicate a specific ecology of the fish, living
in a similar or the same habitat and follow-
ing a similar feeding ecology. This is also
true within the present study. Though B.
dussumieri, T. lepturus as well as G. serpens and
T. marleyi belong to three different fish fam-
ilies, the parasite fauna shows a somewhat
overlapping pattern, with the fish ecology
having more importance for the composi-
tion of the parasite fauna than the host
phylogeny. Also A. ferox, belonging to an-
other and typical deep-sea fish family, had
trypanorhynchs that also occurred in one
or more of the other studied fish species.
It seems that N. afiicana, M. lepturi, T. cory-
phaenae, S. plenronectis, Anisakis sp. and G. cf.
robertdollfusi characterize a predatory fish
species within the oceanic, into the deep-
sea reaching environment along the tropi-
cal outer continental shelf region.

Each of the four oceanic and deep-sea fish
species was infested with the third stage lar-
va of Awnsiakis sp., a species of economical
importance. The infestation with this zoo-
notic anisakid reached a prevalence of
100% for T. marleyi, 97% for G. serpens and
T. lepturns, and 10.5% for B. dussumieri. This
prevalence is higher than the data obtained
by Hadidjaja et al. (1978) from fish species
from the Java Sea, being infested at a signifi-
cant lower prevalence of 40%-50%. The
Java Sea is a merely shallow environment in
comparison to the situation found off Pe-
labuhan Ratu where the deep-sea begins
already few miles off the coast. Awisakis spp.
are known for a pelagic life cycle, where
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the second and third stage larvae develop
within the egg and where the larvae hatch
to freely float within the water column.
Many different kind of pelagic crustaceans
serve as first intermediate and euphausids
or fish as second intermediate and paratenic
hosts. Final hosts are whales, especially dol-
phins that are common in Javanese waters.
The high prevalence of infestation along
the southern Java coast demonstrates the
open water, pelagic environment of the
studied fish species, and the high risk or
predatory fish to get infested. T. Jepturus is a
very important economic fish species and
a main protein resource surrounding the
Indian Ocean (Oryan et al. 1998). It is sug-
gested that all oceanic and pelagic fish from
the southern Java coast, including the
studied fish species, must be well cooked
before consumption or deep frozen be-
fore further processing to prevent any risk
of the anisakiasis disease in fish con-
sumers, either locally or on the interna-
tional market.

4.3. Distribution pattern of trypano-
rhynch cestodes

With 13 different species, the Trypanorhyn-
cha was the order with the highest diversity
in the present study (see table 8). This is
not astonishing because trypanorhynchs
belong to the most abundant and diverse
groups of parasitic helminths in tropical
oceans. Members of the order are world-
wide distributed, and many species have a
wide range of distribution, or are cosmo-
politan. Palm (2004) illustrated that the In-
donesian archipelago is at the centre of the
trypanorhynch distribution, with a total of
54 different trypanorhynchs out of 254 then
known species recorded so far, mainly from
the southern coast of Java since 2000. Con-
sequently, trypanorhynchs significantly con-
tributed to the infracommunity, ranging
from a mean of 1-4.2 and up to six differ-
ent species in a single fish (Gempylus serpens).



Tab. 8: Trypanorhynch cestodes from the southern Java coast, Indonesia, with the prevalence (%)
and mean intensity (intensity) of infestation.
Tab. 8: Risselbandwiirmer von der Siidkiiste Javas, Indonesia, mit der Befallsprivalenz (%) und
der mittleren Intensitit (Intensitit).

@ = a2 = 3
@ 2 E @ § m% @ g 2 3
k] S8 RS s g g @ g o §
5 Y z @ B To S & 39
@ 53 S = o 2a 235
& g5 g3 gs | 28 | E3 §o
5 a3 53 ES S5 €5 B 2
= L8 o O ® =& L S o3
i <3 § S | 78 g S
< (4] S ' 0 E,
Number examined n=1 n=35 n=4 n=35 n=19 n=5
Depth range (inm) 0-1830 0-600 0-400 0-400 - 0-13
Parasite species
Tentaculariidae
100% 88.6% 50% 2.9% 10.5%
Tentacularia coryphaenae 3(3) 3.2 (1-12) 1.5 (1-2) 1(1) 1(1) -
100% 100% 94% 42.1%
Nybelinia africana 24 (24) 32 (4-86) - 8.3 (1-31) | 2.3 (1-4) -
25.7%
Nybelinia indica - 1(1-2) - - - -
100% 100% 25% 100% 10.5%
Mixonybelinia lepturi 20 (20) | 100.8 (20-243) 11 19 (2-67) | 1.5(1-2) -
88.6% 25%
Heteronybelinia yamagutii - 5.5 (1-20) 2(2) - - -
5.3%
Heteronybelinia estigmena - - - - 2(2) -
100% 100% 91.4%
Tentaculariidae indet. 6 (6) 52.5 (4-435) - 7.7 (1-39) - -
Sphyriocephalidae
2.9%
Hepatoxylon trichiuri - 1(N - - - -
100%
Sphyriocephalus dollfusi 1(1) - - - - -
10.5%
Sphyriocephalus tergestinus - - - - 2(2) -
Lacistorhynchidae
Pseudogrillotia multimina- 5.7%
cantha - - - 3.5 (3-4) - -
2.9%
Callitetrarhynchus gracilis - - - 1(1) - -
5.7%
Floriceps saccatus - 1.5 (1-2) - - - -
Otobothriidae
40%
Otobothrium penetrans - - - - - 1.5 (1-2)

The host specificity of the observed spe-
cies is low (see above). Especially the
oceanic tentaculariids occurred in several
hosts, with Tentacularia coryphaenae and Mi-
xonybelinia lepturi infesting five, Nybelinia afri-
cana four, and Heteronybelinia yamagntii two
different fish species. Species such Callite-
rarhynchus gracilis from Trichinrus lepturus have
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been described from 142 intermediate hosts
worldwide (Palm 2004), and Hepatoxylon tri-
chiuri is known from 87 intermediate hosts
throughout the tropical and boreal region.
Trypanorhynch cestodes are also known to
occur in the deep-sea below 200m water
depth. Klimpel et al. (2001) recorded Ten-
tacularia coryphaenae, Nybelinia africana, Heter-
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onybelinia yamagutii, Hepatoxylon trichinri, Sphy-
riocephalus tergestinus and Callitetrarbynchus gra-
ctlis from deep water fish species. Conse-
quently, several deep-water trypanorhynchs
were represented within the present study,
in accordance to the extensive vertical mi-
grations known from most of the studied
fish species that reach several hundred me-
ter water depth.

Though the infestation patterns among the
fish species were similar, some differences
could be observed in the prevalence and
intensities of infestation. The overlapping
infestation patterns of the same trypa-
norhynch species in fish from entirely dif-
ferent families indicates their low host spe-
cificity within the second intermediate or
paratenic host and their ability to infest vari-
ous fish without respect to their phylogeny
(see above). Consequently, different infesta-
tion numbers are either due to a different
depth range of the single trypanorhynch or
depend on different fish ecology. The feed-
ing ecology as well as depth range is some-
what similar in Trichinrus lepturus, Gempylus
serpens and Thyrsitoides marleyi, as can be seen
in similar diverse and overlapping parasites.
However, there are typical shallow water
species such as Owbothrinm penetrans that only
occur in shallow water fish species such as
in Tylosurus spp. The congener O. ¢ysticum
has been identified as another shallow wa-
ter species, being typical for estuarine con-
ditions in tropical and subtropical waters
(Palm and Owerstreet 2000, Palm 2004).
Other trypanorhynchs are typical deep-sea
forms, such as Microbothriorbynchus spp. and
Grillotia borealis (Palm 2002, Keeney and
Campbell 2001). Within the present study,
Heteronybelinia yamaguti only occurred in the
gempylids that reach a water depth until
400-600 m. H. yamagntii has been eatlier
recorded from 21 different intermediate
hosts from deep-waters below 200 m (Klim-
pel et al. 2001), and can be considered as a
typical deep water form. The adult was rec-
orded from Carcharbinus signatus (Poey,
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1868) (Knoff et al. 2004), a benthopelagic
shark with a depth range of 0-600 m. This
oceanic shark might get infested during
vertical migration into the deep-sea. Other
trypanorhynch species seem to have a more
extensive vertical distribution pattern, such
as Tentacularia coryphaenae, Mixonybelinia lep-
turi, and Nybelinia africana. These species,
typically occurring in carcharhinid, sphyr-
nid and lamnid sharks as final hosts (Palm
2004), were recorded from the deep-sea fish
Alepisanrus ferox, the deep water pelagic spe-
cies Brama dussumieri and the benthopelagic
Trichiurus lepturns (0-400 m). However, Gen-
pylus serpens with a depth range of 1-600 m
had the highest prevalence and intensity of
infestation. Though the exact depth range
cannot be determined within the present
study, these tentaculariids obviously are not
restricted either to the surface or the deep-
sea. Their non-specific four-host extended
life cycle enables them to infest a wide ran-
ge of fish intermediate hosts, including
those migratory species that distribute them
not only horizontally (intra- and inter-
oceanic) but also vertically within many
hundred meters of water column also into
the deep-sea.

4.4. Conclusions

The present study demonstrates the high
biodiversity of metazoan parasites in tropi-
cal oceanic fish species from Indonesia. The
component community as well as the infra-
community was species rich. For the first
time, commercially important fish from the
southern Java coast around Pelabuhan Ratu
were analysed and revealed parasitic dige-
neans, cestodes, nematodes, acanthocepha-
lans and crustaceans. The zoonotic Awisa-
kis sp. was present in all studied oceanic
fish species, thus being of fish hygienic
importance at the studied locality. The high
prevalence and intensity of infestation with
this nematode can be explained by the
oceanic environment of the studied fish



species combined with the presence of
many marine mammals such as dolphins in
the region, serving as final hosts. The
elasmobranch parasitic cestode order Try-
panorhyncha was the most species rich
taxon, consisting of mainly low host speci-
fic species. They contributed significantly
to the infracommunity of the oceanic fish
species. The infestation pattern was over-
lapping among the studied fish species, de-
monstration the low host specificity espe-
cially of the tentaculariid trypanorhynchs.
The infestation with the larval stages of
these widely distributed fish parasites in tro-
pical waters depends on the fish ecology
and depth range and not on the host phylo-
geny. Being less host specific in the open
water pelagic environment has the advan-
tage that the transfer to the next fish host is
more likely even under unfavourable con-
ditions, such as under seasonal occurrence
of the final hosts or less dense populations
of the potential intermediate hosts. In ad-
dition, new exploration of other environ-
ments such as the deep-sea become more
likely, explaining the occurrence of trypa-
norhynch cestodes also in the deep-sea fish.
It can be stated that each examined fish spe-
cies has a characteristic, often highly diverse
parasite fauna according to the geographical
region and coastal morphology combined
with the distribution, host specificity and
depth range of its potential parasites.
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