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Abstract First information is provided on the parasitation
and feeding ecology of the myctophid fish species
Myctophum punctatum and Notoscopelus kroyeri from the
Mid-Atlantic Ridge (MAR), Central Atlantic. Four different
parasite species were found in both fish with a similar high
prevalence and intensity of infestation. The digeneans
Gonocerca phycidis and Lethadena sp. were isolated as
adults from the stomach, larval tetraphyllidean cestodes
(Scolex pleuronectis) from the intestine, and genetically
identified larval anisakid nematodes of Anisakis simplex
(s.s.) from the body cavity. No further Anisakis sibling
species could be identified. Both myctophids had small
pelagic crustaceans, mainly copepods and hyperiids, within
their stomach contents. Ostracods, euphausiids, decapods,
and amphipods were minor food components, demonstrat-
ing the pelagic environment for both fish. The recorded
parasites including the anisakid A. simplex (s.s.) perform
pelagic life cycles within the region, benefiting from
extensive diurnal vertical migrations of their fish hosts.
Comparison of the host range among the anisakis sibling
species suggests that the A. simplex complex has low host
specificity, infecting toothed and baleen whales on their
extensive oceanic migrations. This contrasts the Anisakis
physeteris complex that is restricted to toothed whales of
the families Kogiidae and Physeteridae. Specificity in the
teleost intermediate hosts for both complexes seems to be
low, and sympatric occurrence of different siblings within
the same intermediate hosts is likely. Myctophid swarm fish
as important copepod feeders at the MAR significantly
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contribute to the oceanic anisakid nematode life cycle,
especially considering the 100% prevalence and high
intensity of infestation. Further genetic identification of
Anisakis nematodes is needed in order to understand the
sibling species distribution, along the MAR and within
other oceanic environments.

Introduction

Information on oceanic ecosystems is scarce in comparison
to shallow coastal zones or the continental shelf regions.
The open oceans have been compared with terrestrial
deserts due to low primary production that is caused by
the lack of nutrients especially in the surface layers.
However, in regions such as the Mid-Atlantic Ridge system
(MAR), local upwelling situations as well as complex
currents and frontal systems can create favorable conditions
for increased primary and secondary production in the top
200 m surface layer. Thus, the oceanic ecosystem is far
more complex and needs detailed investigation.

Deep-sea lantern fishes of the family Myctophidae
consist of more than 235 species belonging to 32 genera
(e.g., Yamaguchi et al. 2000; Froese and Pauly 2008).
Together with the Gonostomatidae and different crusta-
ceans, they usually dominate the meso- and upper bathy-
pelagic zones (approximately 200 to 2,500 m depth;
Gjosaeter and Kawaguchi 1980; Foxton 1970). The
majority of these swarm fishes exhibit extensive vertical
migration from water depths below 1500 m at daytime into
the more productive surface layers at night (e.g., Pusch et
al. 2004; Klimpel et al. 2006a). Diet analyses of meso- and
upper bathypelagic fishes have been concentrated on the
numerically abundant families Myctophidae, Gonostomati-
dae, Stomiidae, and Sternoptychidae (e.g., Gartner and
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Zwerner 1989; Klimpel et al. 2006a). Though having
considerable diet variations, their principal prey items are
small crustaceans belonging to the Copepoda, Euphausia-
cea, Amphipoda, and Decapoda (Mauchline and Gordon
1984; Sutton and Hopkins 1996). Thus, myctophids and
other pelagic swarm fishes are an important link between
the low trophic levels and higher predators, such as
piscivorous fishes and whales (Pusch et al. 2004).

Species of the nematode genus Anisakis are worldwide
distributed fish parasites and typically infect cetaceans or
pinnipeds as final hosts. This genus previously included
three species (Davey 1971). Beside readily described
morphospecies (e.g., Anisakis schupakovi), the analyses of
allozymes, RFLPs of ITS-tDNA, SSCP of ITS-rDNA, and
mtDNAcox-2 data have revealed that this genus currently
includes eight distinct sibling species, Anisakis simplex
(s.s.), A. pegreffii, and A. simplex C (representing the
A. simplex-complex) together with 4. typica, A. ziphidarum,
A. paggiae, A. brevispiculata, and A. physeteris (the latter
three representing the A. physeteris-complex; Valentini et al.
2006; Mattiucci and Nascetti 2007). All these sibling species
are morphologically very similar but genetically different
and have distinct host preferences, life cycles, and zoogeo-
graphical distribution (Valentini et al. 2006; Klimpel et al.
2007; Kellermanns et al. 2007; Mattiucci et al. 2007). Life
cycle studies of these nematodes have been limited by
difficulties in maintaining Anisakis spp. alive, culturing
sufficient numbers of parasite-free experimental hosts, and
creating effective exposure in the laboratory. In general, the
life cycle of Anisakis spp. is heteroxenous, involving several
different invertebrate and/or vertebrate intermediate hosts and
cetaceans and sometimes pinnipeds as final host (e.g., Koie et
al. 1995; Hays et al. 1998a, b; Keie 2001; Klimpel et al.
2004). Life cycle stages include four larval stages (L1-L4),
within the eggs (L1-L3), and subsequent in the intermediate
or paratenic hosts (L3), and as preadults (L4) and adults in
the final hosts.

The zoogeography of Anisakis spp. depends on a variety
of different factors that, in combination with each other,
lead to different zoogeographical distribution: (1) the final
host distribution, (2) the host specificity in the final and
intermediate hosts, (3) migration patterns of second and
paratenic hosts, and (4) the characteristic life cycle. These
factors enable Anisakis siblings to explore different marine
environments, such as shallow seas, the open ocean, or the
deeper waters. Most Anisakis siblings have been recorded
from temperate, subtropical, and tropical waters between
the equator and 35° North and South, while some species
typically occur in the boreal regions of the Atlantic and
Pacific. Within Antarctic waters (Southern Ocean), these
nematodes are extremely rare.

The most abundant fish species in the central Atlantic
oceanic waters along the MAR are the myctophids
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Myctophum punctatum and Notoscopelus kroyeri (Sutton
et al. 2008). Both species undergo extensive vertical
(diurnal) migrations. While average peak abundance during
the day ranges between 225-750 m for M. punctatum and
350—-1000 m for N. kroyeri, at night, peaks are more usually
between 10—-125 m, respectively (Froese and Pauly 2008).
Both species feed mainly on copepods, amphipods, and
euphausiids (Froese and Pauly 2008). Earlier parasitologi-
cal studies recorded few metazoan fish parasites in M.
punctatum and N. kroyeri (e.g., Mordvinova 2000; Klimpel
et al. 2001).

The aim of the present study was (1) to investigate the
typical parasite fauna and prey items of both fish species
along the MAR, (2) to genetically identify the collected
Anisakis larvae, (3) to identify the transfer mechanism of
the recorded anisakids along the MAR, and finally (4) to
discuss patterns of parasite—host association within this
oceanic environment.

Materials and methods
Sample collection

Myctophid fish species were sampled during the MAR-
ECO (Census of Marine Life) research cruise of the RV G.
O. Sars at June to August 2004 at the MAR. Fish sampling
was conducted with different pelagic trawls (e.g., Krill-
Trawl, Akra-Trawl, Egersund-Trawl) at the sampling
period. At station 339 (position 52°55" N 34°39" W;
sampling depth 300—800 m) in the northern region of the
MAR, a total of 89 M. punctatum and 74 N. kroyeri were
captured to study metazoan parasites and stomach contents.
All specimens were directly sorted from the catch during
sampling processing in the ship laboratory and identified to
the lowest possible taxon. All fish specimens were deep
frozen at —40°C for later studies in the wet laboratory on
board. Prior examination each fish specimen was defrosted
at 0—1°C. Morphometric data including the total length and
total weight were recorded to the nearest 0.1 cm and
0.001 g.

Parasitological examination

The presence of metazoan parasites within all organs was
studied by using a stereomicroscope. Ectoparasite infesta-
tion was examined while the fish was still in a partly frozen
state. Inspection included the skin, fins, eyes, nasal cavities,
gills, and the buccal and branchial cavity. The body cavity
was opened to examine the liver, stomach, pyloric caeca,
intestine, and gonads microscopically for endoparasites,
and the stomach contents were removed. Isolated parasites
were fixed in 4% borax-buffered formalin and preserved
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in 70% ethanol-5% glycerine for detailed identification.
For identification purposes, nematodes were dehydrated in
a gradated ethanol series and transferred to 100% glycerine.
Digenean and cestode species were stained with Acetic
Carmine, dehydrated, cleared with Eugenol or Creosote,
and mounted in Canada Balsam. Parasite identification
literature included original description. The ecological
terminology (prevalence, intensity, mean intensity) follows
Bush et al. (1997). Prevalence is the number of infected fish
with one or more individuals of a particular parasite species
(or taxonomic group) divided by the number of hosts
examined for that parasite species (commonly expressed as
a percentage); intensity (I) is the number of individuals of a
particular parasite species in a single infected host
(expressed as a numerical range); and mean intensity (ml)
is the average intensity; in other words, it is the total
number of parasites of a particular species found in a
sample divided by the number of hosts infected with that
parasite. Furthermore, we use the following parasitological
terms and definitions: (1) final host—where a parasite
reaches sexual maturity, (2) intermediate host—required by
a parasite to complete its life cycle; usually, it undergoes
considerable morphological or physiological change, (3)
paratenic host/transport host—not required by a parasite to
complete its life cycle without detectable morphological
change.

Stomach content analyses

The stomach contents were sorted and food items were
identified to the lowest possible taxon and grouped into
taxonomic categories. In order to determine the relative
importance of food items, the frequency of occurrence of
each prey item i (F %) and its percentage by number (N %)
was calculated (Hyslop 1980; Amundsen et al. 1996). The
frequency of occurrence was determined as the number of
stomachs with prey item i compared to all nonempty
stomachs. Numerical percentage was calculated as the
number of prey item i compared to the total number of all
prey items (Hyslop 1980).

Polymerase chain reaction amplification and sequencing
of ITS-1, 5.8S, and ITS-2

Nematodes isolated from the examined fish were identified
morphologically by existing keys and descriptions as
belonging to the genus Anisakis. After isolation and
identification, the nematodes were freed from host tissue
and stored in 100% ethanol. Four anisakid nematode larvae
from both myctophid fish species were used for molecular
identification. Genomic DNA was isolated and purified
from individual larvae using a genomic DNA extraction
kit (Peqlab Biotechnology GmbH, Erlangen, Germany)

according to the instructions of the manufacturer. The
rDNA region comprising the ITS-1, 5.8S, ITS-2, and
flanking sequences (=ITS+) was amplified using the
previously described primers NC5 (5-GTA GGT GAA
CCT GCG GAA GGA TCA TT-3') and NC2 (5'-TTA GTT
TCT TTT CCT CCG CT-3"; Zhu et al. 2000). Polymerase
chain reaction (PCR) (26 pl) included 13 pl Master-Mix
(Peqlab Biotechnology GmbH, Erlangen, Germany) con-
taining dNTP, MgCl,, buffer, and Tag-Polymerase, 3 pl of
each primer, 2 pl dest. water, and 5 pl genomic DNA. Each
PCR reaction were performed in a thermocycler (Biometra,
Germany) under the following conditions: after an initial
denaturation at 95°C for 15 min, 30 cycles of 94°C for
1 min (denaturation), 55°C for 1 min (annealing), 72°C for
1 min (extension), followed by a final extension at 72°C
for 5 min. Samples without DNA were included in each
PCR run. PCR products were examined on 1% agarose
gels. A 100-bp ladder marker (peqGOLD, Erlangen,
Germany) was used to estimate the size of the PCR
products. To identify the anisakid nematodes, the PCR
products were purified with E.Z.N.A. Cycle-Pure Kit
(Peglab Biotechnology GmbH, Erlangen, Germany). After-
wards a total volume of 7 pl, including 2 pl primer
(individually) and 5 ul of the PCR product (250 ng/ul)
were sequenced by Seqlab (Goettingen GmbH, Germany).
Both spacers and the 5.8S gene from each PCR product
were sequenced in both directions using primers NCS5,
NC13 (forward; 5-ATC GAT GAA GAA CGC AGC-3'),
NC13R (reverse; 5'-GCT GCG TTC TTC ATC GAT-3'),
XZI1R (reverse; 5-GGA ATG AAC CCG ATG GCG CAA
T-3"), and NC2. The obtained sequences were identified
via GenBank and aligned with previously characterized
sequences of anisakid nematodes (AJ937671 A. simplex
(s.s.) from Europe and China; AB277823 A. pegreffii from
Japan; AY821739 A. simplex C from northern Pacific),
using CLUSTAL W (1.83) Multiple Sequence Alignments
(Thompson et al. 1994).

Results
Parasite composition

The parasite fauna of both myctophid fish species was
similar in species composition and infestation rates. Four
different parasite species were found in M. punctatum and
N. kroyeri, including two digenean, one cestode, and one
nematode species (Tables 1 and 2). The digeneans
Gonocerca phycidis and Lethadena sp. were adult and
located in the stomach. Larval tetraphyllidean cestodes
(Scolex pleuronectis) were detected in the intestine with
relatively high infestation rates. These tetraphyllideans are
cosmopolitan distributed and have been found in various
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Table 1 Prevalence (P), intensity (I), mean intensity (ml) and site of infestation as well as frequency of occurrence (F%) and numerical percentage of
prey i (N%) of the food items identified from the stomach contents of the myctophid fish species Myctophum punctatum from the Mid-Atlantic Ridge

Parasite Uninfested/infested a/l P [%] I (ml) Site of infestation n Stomachs n Food F [%] N [%]
with food item i
DIGENEA
Gonocerca phycidis * 89/3 a 3.4 1 (1.0) Stomach
Lethadena sp. ab 89/7 a 7.9 1-2 (1.2)  Stomach
CESTODA
Tetraphyllidea indet. 89/21 1 23.6 1 (1.0) Intestine
Scolex pleuronectis)
NEMATODA
Anisakis simplex (s.s.)*  89/89 1 100.0 1-8 (3.2) Organs of body cavity

Stomach contents

Prey group
Copepoda 1-30 (6.9) 89 617 100.0  73.02
Ostracoda 1-2 (1.2) 6 7 6.7 0.83
Hyperiidae 1-10 (4.7) 40 187 449 22.13
Amphipoda 1-3 (1.3) 17 22 19.1 2.60
Decapoda 1-2 (1.3) 9 12 10.1 1.42

n Number, a adult, / larva
#New host record
®New locality record.

fish species. However, further identification is not possible ~ predominant parasite species in both examined myctophids
without strobila characters, knowledge of the life cycle, and  at a prevalence of 100.0%, respectively. The third-stage larvae
molecular data. The anisakid nematode Anisakis simplex  (L3) of this anisakid nematode (molecular identification; see
(s.s.) was found in high numbers and represented the  below)was found in or on the organs of the body cavity. Three

Table 2 Prevalence (P), intensity (I), mean intensity (ml) and site of infestation as well as frequency of occurrence (F%) and numerical
percentage of prey i (N%) of the food items identified from the stomach contents of the myctophid fish species Notoscopelus kroyeri from the
Mid-Atlantic-Ridge

Parasite Uninfested/infested a/l P [%] I (ml) Site of infestation n Stomachs n Food F [%] N [%]
with food item 1
DIGENEA
Gonocerca phycidis® 74/2 a 2.7 1 (1.0) Stomach
Lethadena sp.*® 74/6 a 8.1 1(1.0)  Stomach
CESTODA
Tetraphyllidea indet. 74/15 1 20.3 1 (1.0) Intestine
Scolex pleuronectis)
NEMATODA
Anisakis simplex (s.s.)*  74/74 1 100.0 1-6 (3.0)  Organs of body cavity

Stomach contents

Prey group
Copepoda 2-39 (14.2) 74 1048 100.0  82.85
Ostracoda 2-4 (3.0) 2 6 2.7 0.74
Hyperiidae 1-15 (2.7) 63 167 85.1 13.20
Amphipoda 1-3 (1.4) 13 18 17.6 1.42
Euphausiacea 1-2 (1.1) 17 19 23.0 1.50
Decapoda 1 (1.0) 7 7 9.5 0.55

n Number, a adult, / larva
#New host record
®New locality record
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new host and one new locality record for the MAR are
established. There was no significant correlation between the
fish length and number of ingested copepods and accumulated
A. simplex (s.s.) (Fig. 1a—d).

Stomach contents

Most prey items of both fish species were small pelagic
crustaceans, mainly copepods and hyperiids. Ostracods,
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copepods within the stomach contents of both fish species (b, d)
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Genetic identification

The ITS-1, 5.8S, and ITS-2 sequences were determined
for four anisakids from M. punctatum (AsMP1-AsMP4)
and four anisakids from N. kroyeri (AsNK1-AsNK4). No
size variation was detected for any of the three rDNA
regions on the agarose gel. Identification via GenBank
demonstrated that all six specimens belonged to 4. simplex
(s.s.). The G + C contents for the three regions of rDNA
of all individuals ranged from 44.7% to 45.4%. The
length of the ITS-1 sequence was 365 bp for all samples
whereas the ITS-2 sequence was 308 bp long. The length
of the 5.8S sequence of the samples was 157 bp,
respectively. The alignment of the ITS-1, 5.8S, and
ITS-2 consensus sequence of a single specimen of A.
simplex (s.s.) from M. punctatum and from N. kroyeri is
given in Fig. 2. No sequence differences between ITS-1,
5.8S, and ITS-2 (M. punctatum 0.0%, N. kroyeri 0.0%)
could be detected.

Discussion

The present study provides the first information on the
parasitation and feeding ecology of M. punctatum and N.
kroyeri from the Central Atlantic along the MAR. In
accordance with earlier investigations of myctophid fish,
the detected parasites belonged to the digeneans, tetraphyl-
lidean cestodes, and anisakid nematodes (Klimpel et al.
2001). Together with low species richness and the presence
of different nematode and cestode larvae combined with
adult digeneans, this seems to be the typical parasite fauna
of myctophid fish from the meso- or bathypelagic zone
(e.g., Mordvinova 2000; Klimpel et al. 2001, 2006a).

All isolated helminth parasites are known to utilize
planktonic invertebrates as intermediate hosts within their
life cycle. The predominant digenean trematode species
was Lethadena sp. Members of the family Hemiuridae are
distributed in both shallow waters and in the upper deep-sea
(e.g., Bray 2004). Lethadena profunda has previously been

Fig. 2 Alignment of the ITS-1
(partial sequence), 5.8S, and
ITS-2 (complete sequence) con-
sensus sequence for third stage
larvae of A. simplex (s.s.) from
M. punctatum (AsMP1) and N.
kroyeri (AsNK1) collected from
the MAR. The numbers refer to
the alignment position
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recorded from myctophid fish species such as Ceratosco-
pelus warmingii and Notoscopelus resplendens (Klimpel et
al. 2001). The life cycle of Lethadena species is entirely
unknown. However, a heteroxenous life cycle with gastro-
pods (molluscs) as first intermediate and especially pelagic
invertebrates (e.g., copepods, euphausiids, chaetognaths) as
second intermediate hosts is most common in the family
Hemiuridae (e.g., Gibson et al. 2002; Klimpel et al. 2006b).
With the observed minor infection rates, both myctophid
species seem to have no significant importance for the life
cycle of this digenean species. The other digenean, G.
phycidis, is a widely distributed pelagic fish parasite
especially in mid-oceanic ecosystems. Its depth range has
been recorded from the epipelagic zone down to several
hundred meters into the abyssopelagial (Gibson et al. 2002;
Bray 2004). Its life cycle is unknown, however, most likely
also includes pelagic invertebrates. In Faeroese waters, G.
phycidis gradually replaces another wide ranging trema-
tode, Derogenes sp., at depths from 400 to 500 m (Kaie
2000).

The presence of Cestoda of the order Tetraphyllidea (S.
pleuronectis) is also not surprising since these parasites are
common in large numbers and in different fish species
(Klimpel et al. 2001). These larvae are offshore and inshore
distributed and represent a composite of different taxa that
also might have different life cycles. Along the MAR, most
probably, pelagic Crustacea (copepods) are involved as first
intermediate hosts, myctophids as second/paratenic inter-
mediate, and different elasmobranchs as final hosts. Further

comments on these cosmopolitan cestodes are not possible
without strobila characters, specific knowledge of the life
cycle and/or genetic analyses.

Both sampled myctophid species are typical diurnal
vertical migrants and distributed between depths of 225—
750 m for M. punctatum and 350-1000 m for N. kroyeri
during daytime and between 10-125 m at night, respec-
tively (Froese and Pauly 2008). Migratory myctophids are
known to actively feed in the epipelagic layer at night and
typically exhibit obvious diurnal feeding periodicity (e.g.,
Moku et al. 2000). In highly productive regions such as the
MAR, seamounts, and upwelling or slope regions, migra-
tory myctophids and other fish species have been reported
to feed both at night and during the day (e.g., Klimpel et al.
2006b). Our specimens were sampled during daytime at
300-800 m water depth. Because of the stomach content
and the nondigested condition of several prey items, our
results support active daytime feeding of M. punctatum and
N. kroyeri at the MAR. It is, thus, likely that the infected M.
punctatum and N. kroyeri have acquired some of their
recorded parasites, such as the pelagic G. phycidis or
anisakid nematodes (see below) during their feeding
activity at daytime and within upper water layers of the
mesopelagic zone.

The analyzed anisakid nematodes from both mycto-
phid species could be identified as Anisakis simplex (s.s.).
This species has been earlier recorded from MAR by
Kellermanns et al. (2007) in Macrourus berglax (Fam.
Macrouridae) and by Klimpel et al. (2007) in Maurolicus

Fig. 3 Schematic illustration of 55N
the pelagic life cycle of

A. simplex (s.s.) at the MAR.
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muelleri (Fam. Sternoptychidae), with Anisakis sp. occur-
ring in Halosauropsis macrochir (Fam. Halosauridae)
(Klimpel et al. 2008). Specimens of Anisakis spp. are
considered to follow a pelagic life cycle, involving pelagic
invertebrate and vertebrate intermediate hosts. It is, thus,
likely that the mesopelagic myctophids are commonly
infected with these nematodes, supporting the parasite’s
life cycle in oceanic environments. The random distribution
of the number of 4. simplex (s.s.) larvae within the studied
myctophids demonstrates that these fish can be considered
as true second intermediate hosts, in the sense of Palm
(1999; Fig. 3). Recent data demonstrate that the genus
Anisakis includes eight distinct species, A. simplex (s.s.), A.
pegreffii, A. simplex C (representing the A. simplex-
complex), A. paggiae, A. brevispiculata, A. physeteris
(representing the A. physeteris-complex), A. typica, and
A. ziphidarum. However, only a single sibling (4. simplex
(s.s.)) could be recorded within the present and earlier
investigations (e.g., Kellermanns et al. 2007; Klimpel et al.
2007). According to Mattiucci et al. (2007) and Mattiucci
and Nascetti (2007), A. simplex (s.s.) and A. pegreffii have
been found within the Atlantic Ocean, also suggesting a
potential occurrence of the latter sibling around the MAR
region. It has been suggested that the different Anisakis
siblings ecologically separated by invading different final
and teleost intermediate hosts (e.g., Kellermanns et al.
2007). This seems to also be the case at the studied locality,
where the teleost intermediate hosts for the other Anisakis
sibling species are yet unknown.

Fig. 4 Host distribution of Ani-
sakis species demonstrating low
host specificity within the 4.
simplex species complex. Ge-
netic relationships of Anisakis
spp. (adapted from Mattiucci
and Nascetti 2006) mapped with I I
the cetacean (families) final
hosts (/ Physeteridae; /I Kogii-
dae; /I Ziphiidae; /V Delphini-
dae, Pontoporiidae; V'

Anisakis physeteris-Complex

~

\

Delphinidae, Ziphiidae; VI Del- =
phinidae, Ziphiidae, Physeteri- > g
dae, Neobalaenidae; VII = g i
Delphinidae, Monodontidae, E g R
Phocoenidae, Balaenopteridae). § § °§
For further information see text
and host records see Table 3
r
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Molecular techniques for delimiting and identifying
nematodes of the genus Anisakis have markedly influ-
enced our understanding of their systematics, zoogeogra-
phy, and biodiversity (e.g., Nadler et al. 2005). In a
detailed morphologically based revision of Anisakis spp.
conducted by Davey (1971), the author recognized three
valid species (4. simplex, A. typica, and A. physeteris)
and retained four others as species inquirendae (A.
dussumierii, A. insignis, A. schupakovi, and A. alexandri).
A. dussumierii was described from the final hosts Physeter
macrocephalus (Physeteridae) and Delphinus delphis
(Delphinidae; e.g., Nadler et al. 2005), while A. insignis
were isolated only from the Amazon dolphin (/nia
geoffrensis, Iniidae) and was redescribed by Petter
(1972). Sprent (1982) erraneously transferred A. insignis
into Peritrachelius Diesing, 1851, giving account to the
lip and spicule structure. Different authors previously
reported A. alexandri from Stenella frontalis (Delphini-
dae), but this species was originally described from Sousa
chinensis (Delphinidae; Mignucci-Giannoni et al. 1998;
Perrin 2002). Previous studies confirm the validity of 4.
schupakovi, a parasite of the pinniped Phoca caspica
(Phocidae) limited to the Caspian Sea (e.g., D’Amelio et
al. 2000). The morphological approach, however, still
needs verification using molecular data.

According to the available literature and the present
results, most Anisakis siblings have been identified from
toothed whales, especially from the Delphinidae and
Ziphiidae (Table 3, Fig. 4). The host distribution of 4.
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typica is restricted to dolphins (Delphinidae) from
subtropical and tropical waters and to a single species
of the toothed whale family Pontoporidae (Mattiucci et
al. 2002, 2005; Palm et al. 2008). 4. ziphidarum has been
reported only from the Ziphiidae on the southern hemi-
sphere, while A. brevispiculata and A. paggiae are
specific for the Kogiidae, mainly in the Mid- and
Southern Atlantic Ocean (Mattiucci and Nascetti 2006;
Valentini et al. 2006). The latter two siblings together with
A. physeteris, being specific for the Physeteridae (cosmo-
politan), form the 4. physeteris sibling species complex.
These Anisakis siblings have been solely reported from
toothed whales. This contrasts the Anisakis simplex sibling
species complex, where typically toothed but also
baleen whales appear to belong to the final host
spectrum. A. simplex (s.s.) parasitizes oceanic cetaceans
of the families Delphinidae, Monodontidae, Phocoeni-
dae, and Balaenopteridae and has been genetically
identified mainly in the North Atlantic and Pacific
Oceans. A. pegreffii also utilizes the family Delphinidae
as final hosts, however, also infecting the Ziphiidae,
Physeteridae, and Neobalaenidae (Mattiucci et al. 1997)
mainly in the entire Atlantic and Mediterranean but also
from Australia. 4. simplex C uses toothed whales of the
families Delphinidae and Ziphiidae on the southern
hemisphere and also from the North Pacific to complete
its life cycle (Table 3, Fig. 4). The host range and
zoogeographical distribution pattern of the known
Anisakis siblings demonstrate that far few records exist
to conclude about host specificity and distribution pat-
terns. However, toothed whales are the common hosts for
the known Anisakis spp., and besides the low latitude
restricted A. typica, all other Anisakis species have the
potential to occur from (sub) tropical into boreal and also
high latitude regions. This, most likely, is connected to the
extensive final host migration. Final host specificity for
the A. simplex complex seems to be low while that for the
A. physeteris, complex appears to be high. Specificity in
the teleost intermediate hosts for both complexes seems to be
low (see e.g., Palm et al. 2008), and sympatric occurrence of
different siblings within the same intermediate hosts seems to
be likely. Further genetic identification is needed for a better
understanding of the host—parasite associations and coevo-
lution within this interesting group of marine parasitic
nematodes.
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