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ABSTRACT

The Spirurina type X larvae, which infect firefly squid (Watasenia scintillans), are known to cause cutaneous creeping eruption and intestinal obstruction in humans.
Although it has been reported that the adult of this larva is Crassicauda giliakiana, which was recovered from a Baird’s beaked whale (Berardius bairdii), it is not well
known internationally. In this study, to reconfirm the identification of this species, we determined the mitochondrial cox1 gene and the partial sequence of 185-28S
ribosomal DNA from larvae recovered from firefly squid. As the results, we confirmed that the larvae were C. giliakiana, and partial ribosomal DNA sequences were
also performed for phylogenetic analysis. Furthermore, to determine the distribution of the genus Crassicauda in Japan as a definitive host, DNA was extracted from
archival specimens of adult worms recovered from the kidneys of family Ziphiidae that had stranded on the coast in Japan, and phylogenetic analysis using ITS2
region was conducted. As a result, C. giliakiana were detected from not only B. bairdii but also Mesoplodon stejnegeri, and Ziphius cavirostris, and C. anthonyi was also
detected in Z. cavirostris. Furthermore, the kidney parasitic nematoda Crassicauda sp., which is not registered in the database, was found in both M. densirostris and
M. gingkodens. This study provides new insights into the distribution and the lifecycle of genus Crassicauda in Japan based on the phylogenetic relationship between

larvae and adults.

1. Introduction

Fourteen species of the genus Crassicauda Leiper and Atkinson, 1914
have been described in the order Spiruria (Nematoda): C. anthonyi,
C. bennetti, C. boopis, C. carbonelli, C. costata, C. crassicauda,
C. delamureana, C. duguyi, C. fuelleborni, C. giliakiana, C. grampicola,
C. magna, C. pacifica, C. tortilis (Jabbar et al., 2015; Marcer et al., 2019).
However, C. duguyi and C. pacifica has been shown to be a synonym of
C. magna and C. boopis, respectively (Lambertsen, 1985; Jabbar et al.,
2015). They are known to infect different species of cetaceans, both
odontocetes and mysticetes. Each Crassicauda is a tissue-specific parasite
of the kidneys, genitalia, intracranial sinuses and subcutaneous tissue,
causing pathogenicity in each of these tissues. Along with C. boopis in fin
whale, C. giliakiana in Baird’s beaked whale (Berardius bairdii) and
beluga (Delphinapterus leucas), and C. anthonyi in Cuvier’s beaked whale
(Ziphius cavirostris) infect the kidneys, they shed their eggs in the urine,
especially with severe and widespread chronic renal granulomatous and
fibrotic interstitial nephritis with kidney atrophy and loss due to nem-
atode infection (Marcer et al., 2019; Burek-Huntington et al., 2015;
Febronio et al., 2021; Jerdy et al., 2022).

* Corresponding author.
** Corresponding author.

In Japan, Spirurina type X larvae of parasitic nematoda is known to
cause cutaneous creeping eruption and intestinal obstruction in humans
(Makino et al., 2014; Miyake et al., 2004). The main source of infection
is firefly squids (Watasenia scintillans), caused by parasitic larval
migration (Ando et al., 1992). Although the final host of the parasite had
been unknown, it was found to match the mitochondrial cox1 sequence
of adult C. giliakiana collected from the B. bairdii and, Spirurina type X
larvae was finally confirmed to be C. giliakiana (Sugiyama et al., 2007).
However, little is known about the route of transmission from firefly
squids to B. bairdii or the whole life cycle of C. giliakiana. Unfortunately,
no sequence information or data on phylogenetic analysis of C. giliakiana
was presented in that report.

In this study, we confirmed the DNA sequence of larvae recovered
from the firefly squids and followed up on the sequence being identical
to that of C. giliakiana. Furthermore, based on some reports that the ri-
bosomal DNA of ITS2 region in nuclear DNA is useful for phylogenetic
analysis of the genus Crassicauda (Marcer et al., 2019; Febronio et al.,
2021), we determined sequenced partial regions from 18S to 28S ribo-
somal DNA of C.giliakiana. Furthermore, we obtained adult Crassicauda
spp. from the archival collection of the National Museum of Nature and
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Science (NMNS), which was recovered from beaked whales that had
stranded on the coast in Japan. DNA was extracted from these nema-
todes and phylogenetic analysis including species identification was
conducted. In particular, detailed analysis of adult worms of Crassicauda
spp. recovered from the family Ziphiidae other than B. bairdii, including
Z. cavirostris, Mesoplodon densirostris, M. gingkodens, and M. stejnegeri,
was performed. These results provide new insights into the distribution
and hosts of genus Crassicauda.

2. Materials and methods
2.1. Epidemiology and biologic data of investigated animals

Spirulina X type larvae were collected by dissolving the pooled in-
ternal organs of more than 1800 Watasenia scintillans collected in
Toyama Prefecture by commercial fishing in an artificial digestive so-
lution. All collected larvae were stored in 70% ethanol.

Adults of the genus Crassicauda with 70% ethanol fixation stored at
NMNS were used in this study (14 samples; 2005-2021). The host
whales belonged to the family Ziphiidae (Berardius bairdii, Mesoplodon
densirostris, M. gingkodens, M. stejnegeri, and Ziphius cavirostris). The host
whales were either dead individuals or individuals that had been
stranded alive but were subsequently confirmed dead. The information
of the host whales is listed in Table 1 and their stranding location are
shown in Fig. 1. The beaked whales were autopsied under the approval
of land administrators or local governments. At the necropsy, the kid-
neys were split after the gross observation and the nematodes were
excised from the surface of the sliced kidneys. All the adult Crassicauda
samples were preserved in ethanol. The archival specimens of adult
worms are referred to the same number of its host afterward in this
study. Most of them were decomposed due to the post-mortem changes
and had been torn off somewhere in their long bodies or fragmented.
Therefore, it was difficult to make morphological observations, and only
analysis by DNA extraction was performed. For worms with identifiable
tail structures, DNA extraction was performed by each sex to confirm the
combination of male-female validity.

Table 1
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2.2. Morphologic analysis

Morphological observations of the 70% ethanol-fixed Spirurina type
X larvae were taken using an iPhone 8 with an attachment (i-INTER
LENS, Funakoshi, Tokyo, Japan) to a light microscope (BX43, Olympus,
Tokyo, Japan).

2.3. Molecular analysis

DNA was extracted from Spirurina type X larvae recovered from
firefly squid using a Get pure DNA Kit (DOJINDO, Kumamoto, Japan).
PCR was performed with a set of primers (SSU18A; 5 - AAA-
GATTAAGCCATGCATG - 3/, SSU26R; 5 - CATTCTITGG-
CAAATGCTTTCG - 3') (Floyd et al., 2002) that amplify the region of 18S
ribosomal DNA, and with a set of primers (nematoda-185-2F; 5’ —
ACGGACGGGGGCATTCGTAT - 3/, nematoda-28S-2R; 5 -
CGGTACTTGTTTGCTATCGG - 3’) that amplify the regions of ITS1 - 5.8S
- ITS2 - partial 28S ribosomal DNA. Cycle conditions by Taq polymerase
(KOD-Dash, TOYOBO, Osaka, Japan) consisted of an initial 94 °C for 2
min, followed by 35 cycles of 94 °C for 30 s, 55 °C for 10 s, and 74 °C for
1 min, and a final extension at 74 °C for 2 min. The amplicons of PCR
product after gel extraction were direct sequenced at BigDye™ Termi-
nator v3.1 Cycle Sequencing Kit using PCR primers. Finally, the two
sequences were combined into one as the partial 185-28S ribosomal
DNA sequence.

One section (1 cm) was cut from adult worms of Crassicauda spp.
collected from the stranded whales for DNA extraction. DNA extraction
was carried out using a simple heat-alkaline method (Kumagai et al.,
2010). In brief, adult worms and larvae were placed in 1 ml of 50 mM
NaOH and treated at 95 °C for 1 h. After centrifugation at 15,000 rpm for
5 min, 100 pL of the supernatant was collected. This solution was used as
a direct template for PCR. PCR was carried out using adult DNA solu-
tions with primers for the coxl gene of mitochondrial DNA (cox-1-F
(JB3); 5 - TTTTTTGGGCATCCTGAGGTTTAT - 3/, cox-1-R (JB4.5); 5° —
TAAAGAAAGAACATAATGAAAATG - 3') (Marcer et al., 2019) and
primers for the ITS2 region of ribosomal DNA (crassicauda-5.8S-F 5’ —

List of the stranded beaked whale hosts which adult specimens of Crassicauda nematode were analyzed in this study.

Museum species sex body length found date stage of decomposition  locality infected number of analyzed
No. *1 * *3 site worm
M34024 Mesoplodon female  487.5 2005/5/2 fresh Murakami city, Niigata kidney 1
stejnegeri prefecture
M34052 Berardius bairdii male 1040 2005/7/27 fresh Yokosuka city, Kanagawa kidney 1
prefecture
M42578 Mesoplodon male 466 2014/3/25 fresh Sakaiminato city, Tottori kidney 1
stejnegeri prefecture
M46945 Mesoplodon male 377 2015/7/26 advanced Nichinan-shi, Miyazaki kidney 1
densirostris prefecture
M52660 Ziphius cavirostris female  616.4 2016/7/18 advanced Kitaibaraki city, Ibaraki kidney 1
prefecture
M62797 Mesoplodon male 480 2019/5/30 fresh Tateyama city, Chiba kidney 1
gingkodens prefecture
M62881 Ziphius cavirostris female  561.4 2019/9/18 moderate Shizuoka city, Shizuoka kidney 1
prefecture
M62882 Ziphius cavirostris female 565 2019/9/17 advanced Shizuoka city, Shizuoka kidney 1
prefecture
M65287 Mesoplodon male 514.4 2020/11/ fresh Numadu city, Shizuoka kidney 2
stejnegeri 27 prefecture
M65290 Berardius bairdii female 878.5 2020/12/3 fresh Rausu town, Hokkaido kidney 1
M65363 Mesoplodon female  476.3 2021/5/19 fresh Fukushima town, Hokkaido kidney 1
stejnegeri
M65365 Ziphius cavirostris female  548.5 2021/5/31 advanced Atami city, Shizuoka kidney 2x4

prefecture

*1 Units were centimeter unless otherwise stated.
*2 Year/Month/Day.

*3 The condition of carcasses was divided into three categories: fresh (no swelling and epidermis removal), moderate (begin to swelling), advanced (swelling to

ruptured).
*4 Both male and female worms were analyzed.
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Fig. 1. Loca lity of the stranded beaked whales and firefly squids which the Crassicauda spp. recovered. The whale illustration: © National Museum of Nature

and Science.

TACTCTTAGCGGTGGATCAC - 3/, crassicauda-28S-R; 5° — AATCAC-
GACTGAGCTGAGGT - 3°), respectively. Cycle conditions by PrimeS-
TAR® GXL DNA Polymerase (TAKARA, Shiga, Japan) consisted of an
initial 98 °C for 2 min, followed by 35 cycles of 98 °C for 10 s, 55 °C for
15 s, and 68 °C for 1 min. The amplicons of PCR product after gel
extraction were direct sequenced as same protocol. As the ITS2 region of
only C. giliakiana was difficult to sequence due to its repetitive se-
quences, the PCR products were inserted into the pGEM-T vector
(Promega, Madison, WI) for cloning. The most frequent sequence from
four or more colonies was used as the ITS2 sequence of each sample.

2.4. Phylogenic analysis

The phylogenetic analysis of the genus Crassicauda was based on
previous studies and was generated using sequences from the cox1 and
ITS2 regions (Marcer et al., 2019; Febronio et al., 2021). In particular,
the orthologue sequences of coxl (C. giliakiana: LC057235-46,
LC597810-1; C. boopis: MK621823-31; C. anthonyi: MK621821-2;
C. magna: MZ222136; C. grampicola: MK621834-36; Crassicauda sp.:
MK621823-4, MK621837-9; Habronema muscae: KJ819944) and ITS2
(C. anthonyi: MK631888-89, MZ363789-90; C. boopis: MK631892-8;
C. grampicola: MK631901-3; Crassicauda sp.: MK631890-1,
MK631899-900, MK631904-9) sequences were obtained from Gen-
Bank, respectively. The multiple alignments were performed with
MAFFT, using the G-INS-i iterative refinement method (Katoh and
Standley, 2013). Phylogenetic analysis was conducted by neighbor
joining (NJ) following the K2P model and pairwise deletion, with 1000
bootstrap replicates inferred for each region using MEGA11 software.
Moreover, the same data was computed according to the maximum
likelihood (ML) method and the Bayesian inference (BI) method. Both
methods used the Hasegawa-Kishino-Yano nucleotide substitution
model with a gamma rate, which was selected according to the Bayesian
Information Criterion (BIC) by ModelTest-NG (Darriba et al., 2020). ML
was performed using MEGA11 software with 1000 bootstrap replicates
and selecting complete deletion for the gaps/missing data treatment.
After the alignment adjusted by TrimAl (Capella-Gutiérrez et al., 2009),
the BI method was performed with MrBayes 3.2.7a (Ronquist et al.,
2012) with posterior probability (PP) values calculated by four
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simultaneously running Markov chains using 2,000,000 (cox1) or 1,200,
000 (ITS2) generations, respectively. Trees were sampled every 1000th
generation, and an average standard deviation of split frequencies <0.01
was used as an indication that convergence had been achieved. The first
500 (cox1) or 300 (ITS2) trees for each run were discarded, respectively,
and the consensus tree and PP were computed from the remaining trees.
The obtained trees were edited by FigTree 1.4.4 (available at http://tree
.bio.ed.ac.uk/software/figtree/). Pairwise genetic distances were
calculated using the Tamura 3-parameter model implemented in
MEGAL11.

3. Results

3.1. Morphological and sequence analysis of Spirurina type X larvae
recovered from firefly squid

The nematode larvae recovered by artificial digestion of firefly squid
were of the Spirurina type X, which has the same morphology as those
previously reported (Hasegawa, 1978; Ando et al., 1992). The infection
rate in firefly squid was approximately 0.5% (9/1800). In particular, the
larvae were about 5 mm-10 mm long, with a protruding mouth tip and
two spherical projections at the tail end (Fig. 2). DNA was extracted
from the larvae, and partial region of the cox1 sequence of the mito-
chondrial DNA was sequenced (accession number: LC701532). The
pairwise genetic distances indicate that C. giliakiana, including Spirurina
type X, shows intraspecific variation (p-distances ranging between 0%
and 1.9%) but was clearly a distinct species from C. anthonyi and other
Crassicauda spp. (p-distances ranging between 6.4% and 11.7%)
(Table S1). This confirms that the Spirurina type X larvae parasitizing
the firefly squid are C.giliakiana, as in previous reports (Sugiyama et al.,
2007). Next, to determine the sequence of 185-28S ribosomal DNA in
the nuclear DNA, sequencing was determined using common primers
that amplify 18S ribosomal DNA. After that, the regions containing ITS1,
5.8S, and ITS2 were determined by direct sequencing by designing novel
primers from sequences common to parasitic nematodes in 28S ribo-
somal DNA and performing PCR with some of the determined 18S ri-
bosomal DNA sequences. In particular, the ITS2 region of C. giliakiana
showed repeated A and T sequences and was difficult to sequence
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Fig. 2. Typical Spirurina type X larva. (A) whole body, (B) head, and (C) tail.

directly, so the major nucleotide sequences were confirmed by
bi-directional sequencing analysis (accession number: LC700444).
Finally, the sequencing analysis of the ITS2 region of C. giliakiana
confirmed that the sequence is different from other nematodes of the
genus Crassicauda that have been reported (Fig. S1).

3.2. Analysis of adult Crassicauda spp. recovered from stranded beaked
whales off the coast of Japan

3.2.1. Sequence analysis of adult worms with cox1 gene

To investigate the distribution of the genus Crassicauda around
Japan, adults were recovered from the kidneys of stranded beaked
whales (family Ziphiidae) and sequence analysis was carried out from
the DNA of each adult worm (Table 2). The phylogenetic trees produced
by the three models, NJ, ML, and BI, had nearly identical structures but
different bootstrap values and PP (Fig. 3). Phylogenetic analysis using
the mitochondrial cox1 gene showed that adults recovered from Baird’s
beaked whale (Berardius bairdii), Stejneger’s beaked whale (Mesoplodon
stejnegeri) and Cuvier’s beaked whale (Ziphius cavirostris), and larvae
recovered from firefly squid (Watasenia scintillans) formed the same
cluster within the C. giliakiana group as all registered GenBank se-
quences (Fig. 3). The C. giliakiana group had a low bootstrap value in the
ML model (54%), but a high value in the NJ model (93%), and BI method
(0.92) which we considered appropriate for analysis in this gene.
Therefore, these results indicate that cox1 is useful for species identifi-
cation of C. giliakiana using BI method. On the other hand, In addition,
the species of C. giliakiana (LC057235, LC057238) from the firefly squid
in the existing database formed a distinct cluster. It was considered
highly likely that this was a separate species. In addition, MK621821
and MK621834 in the database are consistent with our and previous
phylogenetic analyses (Marcer et al., 2019), but the species name and
registered sequence may be reversed.

3.2.2. Phylogenic analysis of adult worms with ITS2 region

In previous studies, it has been reported that the ITS2 region of ri-
bosomal DNA is more appropriate for phylogenetic tree construction
than the cox1 gene. In this study, we constructed a phylogenetic tree
using the partial ITS2 region of the obtained samples (Table 2, Fig. S2).
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Table 2
List of Crassicauda nematoda (adult) recovered from stranded whales in this
study.

nematoda sex identified host species cox1: 1TS2:

D species name Gene ID Gene ID

M34024 - Crassicauda Mesoplodon LC700442 LC700447
giliakiana stejnegeri

M34052 - Crassicauda Berardius LC700443 LC700448
giliakiana bairdii

M42578 - Crassicauda Mesoplodon - LC700449
giliakiana stejnegeri

M46945 - Crassicauda Mesoplodon - LC700450
sp. densirostris

M52660 - Crassicauda Ziphius LC700440 LC700451
anthonyi cavirostris

M62797 - Crassicauda Mesoplodon LC700439 LC700452
sp. gingkodens

M62881 - Crassicauda Ziphius LC700438 -
giliakiana cavirostris

M62882 - Crassicauda Ziphius LC700437 LC700453
giliakiana cavirostris

M65287m male Crassicauda Mesoplodon LC700435 LC700446
giliakiana stejnegeri

M65287f female  Crassicauda Mesoplodon LC700436 LC700447
giliakiana stejnegeri

M65290 - Crassicauda Berardius LC700434 -
giliakiana bairdii

M65363 - Crassicauda Mesoplodon LC700433 -
giliakiana stejnegeri

M65365m male Crassicauda Ziphius LC700431 LC700456
anthonyi cavirostris

M65365f female  Crassicauda Ziphius LC700432 LC700455
giliakiana cavirostris

As a result, a phylogenetic tree was similar to the analysis using cox1
(Fig. 4). However, the bootstrap value using the ML method was higher
than that using cox1, and a more accurate phylogenetic tree was pro-
duced. Furthermore, the almost identical values of PP by BI also support
this result. As expected, larvae recovered from firefly squid formed the
same cluster as adult C. giliakiana recovered from B. bairdii, M. stejnegeri,
and Z. cavirostris. C. giliakiana around Japan is abundant not only in
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Baird’s beaked whales but also in other beaked whales, suggesting that
this species is commonly distributed in the sea around Japan (Fig. 5). On
the other hand, two adult worms (M52660, M65365m) from only
Z. cavirostris were identified to be C. anthonyi. The adult worms recov-
ered from M. densirostris (M46945) and M. gingkodens (M62797) formed
a separate cluster close to C. giliakiana and C. anthonyi, which have not
been registered in the database yet, although all species parasitize in the
kidney of the family Ziphiidae.

4. Discussion

In Japan, the Spirurina type X larvae that infect humans from firefly
squid (Watasenia scintillans) have been well studied, and there are many

C boopis Ba. physalus —egmm— Nature and Science.
C boopis Ba. physalus —eegmmm,
C. boopis Ba. physalis —eegmm
C boopis Ba. physalus —eegmmme,
C boopis Ba. physalus —eegmm,

C. boopis

MK631902 G grampicola G. griseus @i
e MKE31908  C. grampicola G. griseus =@y |- C. grampicola
MK631901  C. grampicola G. griseus A
MK631904  Crassicauda sp. 5. coeruleoalba ~Tem
MKB31908  Crassicauda sp. T truncaius sgwm
oo~ MK631909  Crassicanda sp. 7. truncatus <o,

E MK631905  Crassicauda sp. 5. coernleoalba <%=

631906 Crassicauda sp. 1. iruncatus o,
631907 Crassicaida sp. 1. truncatus g

woorioo[— MKB31899  Crassicauda sp. Ba. physalus gt
MK631900  Crassicauda sp. Ba. physalus g,

reports on the morphology, other characteristics, and the their host of
the larvae (Hasegawa, 1978; Ando et al., 1992; Hasegawa, 1993; Akao,
1994; Otaki et al., 1995; Miyake et al., 2004; Makino et al., 2014). In
2007, the species of this parasitic larva was confirmed by a report that
the adult larva is Crassicauda giliakiana, a parasite of the kidney of the
Baird’s beaked whale (Berardius bairdii) (Sugiyama et al., 2007). How-
ever, because this was a short Japanese report without detailed data, this
report is not well known internationally and is not well understood by
cetacean parasite researchers in other countries. In this study, DNA was
extracted from larvae recovered from firefly squid, and homology
analysis using the mitochondrial coxl gene was performed again to
reconfirm the species. We also sequenced the ribosomal DNA for further
phylogenetic analysis.
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Fig. 5. Relationship between whale habitat and infected Crassicauda spp. The whale illustration: © National Museum of Nature and Science.

The morphology of the larvae was identical to that already reported,
with the characteristic two spherical projections at the tail end (Hase-
gawa, 1978; Ando et al., 1992). In a previous report on C. boopis, the
morphology of Crassicauda larvae detected in the intestinal lumen of a
newborn was larger than the present larvae and did not show the
characteristic small projection on the tail (Marcer et al., 2019). We
speculated that this was because the reported larvae of C. boopis had
already developed after molting. Indeed, the outermost skin membrane
of the larvae detected in the firefly squid was sheath-like (Fig. 2), sug-
gesting that the spherical projections at the tail may also be lost during
molting in the digestive tract of the definitive host. Therefore, the larvae
detected in the firefly squid are infected larvae (L3) and is in the
developmental stage of infection from intermediate or paratenic hosts to
the definitive host, the cetacean.

In this study, the Spirurina type X larva in firefly squid was identical
to the cox1 sequence of C. giliakiana adults in B. bairdii and D. leucas in
the database, which was followed up as a larval form of C. giliakiana. In
addition, the partial sequence of ribosomal DNA from 18S to 28S, was
also determined, and homology analysis confirmed 99% identity with
the 18S ribosomal sequence of C. anthonyi. We thought this would make
it difficult to perform phylogenetic analysis using 18S ribosomal DNA, so
we decided to use the ITS2 region for phylogenetic analysis, as has been
done in previous reports (Marcer et al., 2019; Febronio et al., 2021). In
fact, DNA was extracted from some Crassicauda adult worms recovered
from the family Ziphiidae that had stranded on the coast around Japan,
and the cox1 and ITS2 genes were used for phylogenetic analysis.

Phylogenetic analysis using the mitochondrial cox1 and ribosomal
DNA ITS2 region showed that the adult samples collected from stranded
whales were within the same cluster for both genes. C. giliakiana was
detected not only in B. bairdii, but also in Z. cavirostris and M. stejnegeri,
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confirming that C. giliakiana group widely infects the family Ziphiidae.
Although Crassicauda sp. has been reported from M. stejnegeri (Savage
et al., 2021), this is the first time, to our knowledge, that it has been
identified as C. giliakiana. C. giliakiana also infects D. leucas (Bur-
ek-Huntington et al., 2015), suggesting that C. giliakiana is distributed
from northern Japan to the Bering Sea. On the other hand, C. anthonyi
was detected only from Z. cavirostris. These results, together with other
reports (Febronio et al., 2021; Jerdy et al., 2022), strongly suggest that
C. anthonyi only infects to Z. cavirostris and is distributed worldwide.
Interestingly, Crassicauda sp. was detected for the first time in both
M. densirostris (M46945) and M. gingkodens (M62797). Since these adult
worms were detected in the kidneys of odontoceti, it may be a separate
species closely related to C. giliakiana and C. anthonyi. In particular,
given the distribution range of this host, it was expected to infect family
Ziphiidae in South Pacific Ocean (Nishiwaki, 1958)(Borsa, 2006;
Yamada et al., 2012; Abecassis et al., 2015; Rosso et al., 2021). Phylo-
genetic analysis using the ITS2 region rather than the cox1 gene was
found to give a higher bootstrap value using ML model. In fact, in pre-
vious reports, the bootstrap values for C. giliakiana in cox1 was 72%
(Marcer et al., 2019). With the larger sample size this time around, that
number was even weaker. This suggests that ML and BI method using
ITS2 can show realistic phylogenetic tree.

C. giliakiana larvae were found parasitizing firefly squid, but are they
really the source of infection of family Ziphiidae? There have been re-
ports on the stomach contents of several stranded whales, but no
mention of feeding on firefly squid can be found. Most of the cephalo-
pods in the stomach contents are in the Gonatidae, Octopoteuthidae,
Cranchiidae, and Vampyroteuthidae etc., and many fish belonging to
Gadiformes have also been reported (West et al., 2017; Blanco and Raga,
2000; Santos et al., 2001; Walker et al., 2002). Since larvae of
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C. giliakiana are frequently infecting Theragra chalcogramma (Ando et al.,
1992), it is highly likely that fish are contributing to the infection of
odontocetes. We look forward to future reports of the detection of genus
Crassicauda larvae in cephalopods in the deep sea and in fish.

In conclusion, the Spirurina type X detected in firefly squid was
reconfirmed to be a larva of C. giliakiana. Phylogenetic analysis of the
ribosomal DNA ITS2 region of adult Crassicauda spp. recovered from the
kidneys of adult worms of the family Ziphiidae in the sea around Japan
revealed C. giliakiana in B. bairdii, M. stejnegeri, and Z. cavirostris, and
C. anthonyi was found in only Z. cavirostris. Furthermore, Crassicauda sp.
which is not registered in the database was detected in both
M. densirostris and M. gingkodens. The updated information on
C. giliakiana larvae and adults will further develop the study of nema-
todes of the genus Crassicauda in the future.
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