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INTRODUCTION

Beaked whales (Ziphiidae) of the genus Meso-
plodon are the most speciose among marine mam-
mals. However, these species are one of the least
known group of vertebrates (Dalebout et al. 2004)

and there is scarce information available on their
pathology and parasite fauna. The Hubbs’ beaked
whale Mesoplodon carlhubbsi is no exception to this
gap in knowledge, and many aspects of this whale
remain unknown (MacLeod et al. 2006). Reliable
sightings at sea have been rare, and most of the bio-
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ABSTRACT: Beaked whales are among the least known group of cetaceans, and information
regarding their pathology and parasitology is especially scarce. We describe a case of significant
parasitism by a trematode found in the liver of an adult male Hubbs’ beaked whale Mesoplodon
carlhubbsi that stranded in Hokkaido, Japan. Post-mortem examinations revealed a localised area
of discolouration restricted to the hilar region of the left hepatic lobe, where spindle-shaped trema -
todes occupied the dilated and hypertrophic bile ducts. Histologically, the intrahepatic bile ducts
were characterised by adenomatous hyperplasia with goblet cell metaplasia of the biliary epithe-
lium. Findings in the adjacent hepatic parenchyma included pseudocarcinomatous ductular reac-
tions obliterating hepatocytes, a histomorphology not previously reported in marine mammals.
Morphological identification of the trematode corresponded to Oschmarinella macrorchis, which
has only been reported once in a Stejneger’s beaked whale, M. stejnegeri. PCR amplification and
sequencing analyses of the parasite’s mtDNA ND3, 18S and 28S rRNA regions generated novel
gene sequences. Environmental contaminant levels were measured to explore its potential rela-
tionship with the parasitism but there was no conclusive association. A high level of polychlori-
nated biphenyl (30 000 ng g−1 lipid weight) was detected in the blubber of this individual, when
compared to those of 3 other male Hubbs’ beaked whales stranded in Japan. Stomach contents
were also analysed, indicating the presence of various squid species and unidentified fish. Our
results contribute to the knowledge of a little-known beaked whale and provide evidence for the
first time of the pathobiological response caused by O. macrorchis.
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logical information has been obtained from limited
bycatch and stranding records (Mead 1989, Willis &
Baird 1998). To the best of the authors’ knowledge,
pathological descriptions are completely lacking for
the species, and there has been only a single account
of any note on the parasite fauna, where a nematode
of Crassicauda sp. (Tetrameridae) was described
from the kidney of a single individual (Tajima et al.
2015).

One of the most recognised parasites found in
cetaceans is Campula oblonga (Brachycladiidae),
which inhabits the hepatobiliary system and the pan-
creatic duct (Delyamure 1955, Gibson 2005). This
trematode is known to cause severe distortion of the
hepatic architecture due to fibrosis, biliary hyperpla-
sia, inflammation and lymphoid follicle formations in
various small cetaceans, with the harbour porpoise
Phocoena phocoena being the most common species
of research target (Jauniaux et al. 2002, Jaber et al.
2004). Some authors have suggested that this para-
site has a substantial effect on the viability of the host
(Gibson et al. 1998), while others believe they de -
monstrate little clinical significance (Siebert et al.
2001, Lehnert et al. 2005). Reports of brachycladiid
trematodes in the liver from whales of the genus
Mesoplodon are extremely scarce; only 2 host spe-
cies, the Stejneger’s beaked whale M. stejnegeri and
Gervais’ beaked whale M. europaeus, have been
associated with 3 species to date: Oschmarinella
macrorchis, Cetitrema meadi and Brachycladium
parvulum (Demaree et al. 1997, Dailey 2007, Fraija-
Fernández et al. 2014).

Several studies have reported associations between
parasite infections in cetaceans and environmental
pollutants (Jepson et al. 2005, Bull et al. 2006, Naka -
yama et al. 2009), and one states the possibility that
higher levels of polychlorinated biphenyls (PCBs) in
the liver positively correlate with higher levels of in-
fections with Campula sp. as a consequence of im-
munosuppression (Isobe et al. 2011). Cumulative evi-
dence suggests that exposure to high levels of
environmental contaminants will lead to impaired im-
munity and lowered host resistance (Lahvis et al.
1995, Ross et al. 1996, Selgrade 2007). Infectious dis-
eases in cetaceans have been increasing over the past
decades with environmental stressors suspected to be
responsible (Gulland & Hall 2007, Van Bressem et al.
2009). Odontocetes, including Mesoplodon spp., are
particularly vulnerable to the effects of contaminants,
being top predators of the marine food web (Tanabe
et al. 1994). The chronic exposure to a cocktail of
chemicals through their diet contributes to the bioac-
cumulation of lipophilic chemicals within the abun-

dant blubber throughout their life course (Colborn &
Smolen 1996, Tanabe 2002).

Blubber concentrations of organochlorine com-
pounds have been investigated in some species of
Mesoplodon. Kajiwara et al. (2006) reported the levels
of polychlorinated biphenyls (PCBs) and dichlorodi -
phenyltrichloroethane and its related compounds
(DDTs) from 5 M. stejnegeri stranded in Japan be -
tween 2000 and 2001, with mean values of 19 000 and
110 000 ng g−1 lipid weight, respectively. Levels of
DDTs found in M. stejnegeri were among the highest
of 5 other small odontocete ce taceans stranded in
Japan (Kajiwara et al. 2006). Additionally, Law et al.
(2001) reported the concentrations of organochlorines
in a Blainville’s beaked whale M. densirostris and
Sowerby’s beaked whale M. bidens stranded along the
coasts of England and Wales in the 1990s. The concen-
trations of PCBs and DDTs in these 2 species were 1 to
2 orders of magnitude higher than levels found in the 5
M. stejnegeri from Japan (Law et al. 2001, Kajiwara et
al. 2006). Although relatively high concentrations of
persistent organic pollutants (POPs) have been de-
tected in Mesoplodon spp., the status of contaminant
accumulations is still greatly lacking for these species.
Furthermore, no studies have investigated the rela-
tionship between levels of contaminants and parasitism
in Mesoplodon spp.

The current study aimed to pathologically charac-
terise the uncommon hepatic lesion induced by a
rarely observed Brachycladiidae trematode, O.
macrorchis, in an adult male M. carlhubbsi that
stranded in Japan, and present novel parasite
genetic information. We also examined the contami-
nant load of M. carlhubbsi to investigate the signifi-
cance of this parasitism and subsequent disease
development. Data on the diet of this species is pro-
vided for background biological data of this uncom-
mon beaked whale.

MATERIALS AND METHODS

Necropsy

A 493cm long (measured from tip of maxilla to
fluke notch) male Mesoplodon carlhubbsi (National
Museum of Nature and Science ID: M46866) was
found on the Pacific Ocean coast of Samani, Hok -
kaido, Japan (42° 07’ 21’’ N, 142° 56’ 56’’ E), on 14
April 2015. According to the beachcomber who iden-
tified this stranding event, the animal was initially
seen alive but died shortly after, before the town offi-
cials arrived to assess the feasibility of releasing the
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whale back into deeper waters. A detailed necropsy
was performed on-site the following morning, within
24 h of death, through coordination by Stranding
Network Hokkaido, an organization in charge of
cetacean strandings in the area.

Histopathology

Tissue samples of the liver, spleen, kidney, heart,
lung, thyroid gland, pancreas, adrenal gland, oeso -
phagus, intestine, urinary bladder, testis, skin, cere-
bellum and lymph nodes were fixed in 15% neutral
buffered formalin, embedded in paraffin wax, sec-
tioned at 4 µm and stained with haematoxylin and
eosin for routine histopathological examination. The
liver tissue was additionally stained with alcian blue
pH 2.5, Prussian blue, Schmorl’s method, Hall’s
method and Masson’s trichrome for the demonstra-
tions of acid mucin, iron, lipofuscin, bile pigment and
collagen fibre, respectively.

Immunohistochemistry was performed on liver sec-
tions following standard techniques (Ramos-Vara et al.
2008), with some modifications. Primary antibodies
specific for cytokeratin 19 (CK19; dilution 1:200; rabbit
polyclonal; Abcam), and Ki-67 (dilution 1:50; clone
MIB-1; mouse monoclonal; DakoCytomation) were
used, where CK19 was selected as a cellular marker for
hepatobiliary epithelium and Ki-67 for determining
proliferative activity. Antigen retrieval involved micro-
wave heat pretreatment in citrate buffer solution (pH
6.0) at 97°C for 15 min. Endogenous peroxidase
activity was inhibited by incubating the slides with
0.3% hydrogen peroxide for 10 min at room tempera-
ture. Slides with each primary antibody were incubated
overnight at 4°C in a humidified chamber. Antigen de-
tection was performed using a Histofine Simple Stain
MAX-PO kit (Nichirei Biosciences) according to the
manufacturer’s instructions. Labelling was visualized
with 3,3’-diaminobenzidine (Nichirei Biosciences),
and sections were counterstained with Meyer’s haema-
toxylin. Tissue sections in which the primary antibodies
were replaced by phosphate buffered saline served as
negative controls, whereas tissue sections from the
same animal’s right liver lobe (unaffected by trematode
infection) and small intestine were used as positive
controls for CK19 and Ki-67, respectively.

Hepatic trematode identification

A total of 13 complete and 1 forebody-less hepatic
trematodes were fixed in 70% ethanol, while 8 were

fixed in 15% neutral buffered formalin with the liver
tissue. Five of the ethanol-fixed parasites were flat-
tened between a pair of slide glasses, stained by
alum-carmine, Semichon’s carmine or Heidenhain’s
iron haematoxylin, and mounted in permanent pre -
parations by Canada-balsam for detailed observa-
tions and measurements as whole-mount specimens.
The remaining parasites fixed in 70% ethanol were
transferred to 100% ethanol for subsequent DNA
analyses and preservation. The 8 parasites fixed in
formalin were serially sectioned at 4 µm principally
for the histopathology of liver tissue but were also
used for the observation of some parasite structures
around the uterine field. Ethanol-fixed specimens
were deposited in the collections of the National
Museum of Nature and Science, Japan, with acces-
sion number M46866.

Genomic DNA was extracted from ethanol-fixed
specimens using the NucleoSpin Tissue kit (MACH
EREY-NAGEL), following the manufacturer’s proto-
col. PCR was performed to amplify the mitochondrial
DNA NADH dehydrogenase subunit 3 (mtND3), 18S
ribosomal RNA (rRNA) and 28S rRNA sequences.
The primers used for each gene fragment were as fol-
lows: ND3F (Fernández et al. 1998) and ND3-4 (Fer-
nández et al. 2000) for mtND3; WormA and WormB
(Littlewood & Olson 2001) for 18S rRNA; CLF28A (5’-
AGT AAC GGC GAG TGA ACA GG-3’) and CLF28B
(5’-GCA CTG GTC CGA AGA CTA TG-3’), newly
designed in this study, for 28S rRNA. The PCR reac-
tion consisted of 1 µl of DNA template, 1× Gfelx PCR
Buffer, 0.2 µM each of the forward and reverse
primers, and 1.25 U of Tks Gflex DNA polymerase
(Takara Bio) in a total reaction mixture of 50 µl. The
thermocycling profile for mtND3 amplification was
as follows: initial denaturation at 94°C for 2 min; fol-
lowed by 30 cycles of 98°C for 10 s, 58°C for 15 s and
68°C for 30 s; and a final extension at 68°C for 1 min
on a Mastercycler gradient (Eppendorf). The anneal-
ing temperature was adjusted to 60°C for the amplifi-
cation of 18S and 28S rRNA genes, following the
same thermocycling profile. After confirmation of
the length of the PCR product by agarose gel electro-
phoresis, the PCR fragment was purified using
NucleoSpin Gel and PCR Clean-up kit (MACHE
REY-NAGEL). Direct sequencing of the purified am -
plicons was performed in both directions by the ABI
Prism BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems) and run on an ABI Prism 3130
Genetic Analyser (Applied Biosystems) at a commer-
cial laboratory (Hokkaido System Science, Sapporo,
Japan). Internal sequencing primers designed in this
study and by Caira et al. (2014) for the 18S and 28S

179



Dis Aquat Org 127: 177–192, 2018

rRNA gene fragments are specified in Table S1 in the
Supplement at www.int-res. com/ articles/ suppl/ d127
p177 _ supp. pdf. The obtained DNA sequences were
analysed using Sequence Scanner Software, version
2 (Applied Biosystems) and identity was confirmed
using the basic local alignment search tool (BLAST;
https:// blast. ncbi. nlm. nih. gov).

Available nucleotide sequences of various known
trematode species of the family Brachycladiidae
were obtained from the GenBank database (www.
ncbi. nlm. nih. gov/ genbank) and aligned with the
generated nucleotide sequences using MUSCLE on
MEGA, version 7.0.18 (Kumar et al. 2016). Only the
sequences of mtND3 were used for phylogenetic
inferences, due to the greater number of Brachy-
cladiidae genetic data available in GenBank. Se -
quences were truncated to the shortest sequence
length of 307 bp and a maximum likelihood analysis
was conducted using MEGA7. The best-fitting model
of Hasegawa-Kishino-Yano (Hasegawa et al. 1985)
using a discrete gamma distribution was determined
by values of Akaike’s information criteria, corrected.
Bootstrap values were estimated for 500 replicates to
evaluate the reliability of groupings. Tormopsolus
orientalis (Acanthocolpidae; GenBank accession no.
KT180219) was selected as the outgroup following
previously described phylogenetic relationships for
the family Brachycladiidae (Bray et al. 2005, Fraija-
Fernández et al. 2016).

Pairwise similarities of the 18S and 28S rRNA
 partial gene sequences edited to the shortest read
were compared independently for each gene. The
2 closest related species according to the mtND3
ana lysis, namely Campula oblonga (GenBank acces-
sion nos. KM258665, KM258671) and Oschma -
rinella rochebruni (GenBank accession nos.
KM258667, KM258673) were selected and analysed
using the EMBOSS Needle, version 6.6.0 (www. ebi.
ac. uk/ Tools/ psa/ embos s_ needle).

Contaminant assessment

Liver and blubber samples were obtained during
necropsy and kept at −25°C for contaminant analy-
ses. Levels of POPs in these tissues were compared to
those of 3 other male M. carlhubbsi that were oppor-
tunistically sampled after stranding in Japan be -
tween 2005 and 2011 (see Table S2 in the Supple-
ment; IDs M38006, M36185, M34062). Samples were
archived in the Environmental Specimen Bank (es-
BANK) of Ehime University (Matsuyama, Japan) at
−25°C and were processed following the same

methodology. These 3 males were not parasitised by
hepatic trematodes, which was confirmed from
detailed pathological examinations.

A total of 62 PCB congeners, 44 polybrominated
diphenyl ether (PBDE) congeners, and 15 organo -
chlorine pesticides (DDTs [p,p’-DDT, o,p’-DDT, p,p’-
DDE o,p’-DDE, p,p’-DDD, o,p’-DDD], chlordanes
[CHLs: oxychlordane, cis- and trans-chlordane, cis-
and trans-nonachlor], hexachlorocyclohexanes [HCHs:
α-, β-, γ-HCH] and hexachlorobenzene [HCB]) were
analysed. Extraction of POPs from the liver and blub-
ber tissues was based on methods described else-
where with slight modifications (Isobe et al. 2009,
2011, Coelho et al. 2016). Approximately 5 g of
liver samples were freeze-dried (EYELA FDU-2100;
Tokyo Rikakikai Co.) and ground with anhydrous
sodium sulfate until homogeneous. Similarly, 5 g of
blubber samples were cut into small pieces and
ground with anhydrous sodium sulfate. Liver and
blubber samples were then extracted with acetone/
n-hexane (1:1, v/v) using high-speed solvent extrac-
tor at 35°C with a flow rate of 10 ml min−1 for 30 min
(SE-100, Mitsubishi Chemical Analytech). The crude
extract was evaporated with a Kuderna-Danish con-
centrator and solvent-exchanged to 10 ml hexane.
An aliquot (equivalent to 1 g) was taken for gravimet-
ric determination of the total lipid content. Subse-
quently, 2 ml of the crude extract was spiked with 5
ng of the following internal standards: 13C12-labeled
PCBs (CB28, 52, 95, 101,105, 118, 138, 153, 156, 157,
167, 178, 180, 189, 194, 202, 206, 208, 209), 13C12-
PBDEs (BDE3, 15, 28, 47, 99, 100, 153, 154, 183, 197,
207, 209), 13C12-p,p’-DDT and 13C6-β-HCH (Welling-
ton Laboratories; Cambridge Isotope Laboratories).
The extract was cleaned up with a gel permeation
chromatography packed with Bio-Bead S-X3 (Bio-
Rad Laboratories) for lipid removal, and then passed
through activated silica gel column (Wakogel DX;
Wako Pure Chemical Industries). Cleaned-up so -
lution was spiked with internal standards (13C12-
CB170 for PCBs, 13C12-BDE126 and 13C12-BDE205 for
PBDEs, 13C6-pentachloroanisole for organochlorine
pesticides), and subsequently concentrated to 50 µl
under a gentle stream of nitrogen gas.

Identification and quantification of PCBs and PBDEs
were performed using a gas chromatograph-mass
spectrometer (GC-MS; GC: 7980A, MS: 7975C; Agi-
lent Technologies). GC-MS was operated in electron
ionisation with selected ion monitoring mode. Or -
ganochlorine pesticides were determined using a gas
chromatograph coupled with a triple quadrupole
mass spectrometer (GC-MS/MS; GC: 7980A, MS/
MS: 7000; Agilent Technologies) on multiple reaction
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monitoring mode. For the analyses of PCBs, PBDEs
and organochlorine pesticides, 3 capillary columns
(Agilent J&W) were used: DB-1MS (length × internal
diameter × film thickness = 30 m × 0.25 mm ×
0.25 µm), DB-5HT (15 m × 0.25 mm × 0.10 µm) and
HP-5MS (30 m × 0.25 mm × 0.25 µm), respectively.

All compounds were quantified using the isotope
dilution method for the corresponding 13C12- or 13C6-
labeled internal standards. Recovery of 13C-labeled
compounds was in acceptable ranges (68 to 110%).
For quality assurance and control, our laboratory has
been participating in inter-laboratory comparison
exercises repeatedly. Moreover, analysis of a stan-
dard reference material (SRM 1945 Organics in
Whale Blubber, National Institute of Standards and
Technology) was undertaken to confirm the quality
of analytical performance, and all data were within
20% of the certified values. Procedural blanks were
analysed simultaneously with every 4 samples to
check for contamination of glassware and solvents.
No substantial interference was observed during the
whole analytical procedure. The limits of detection
were calculated as 3 times the standard deviation of
background peaks in the procedural blanks. All con-
centrations of POPs are expressed on a lipid weight
basis unless otherwise noted. Concentration ratios of
the contaminants detected in the liver and blubber
(liver/blubber ratio) were determined in individual
specimens to assess the specific accumulation of
compounds in the liver.

Stomach contents

The stomach was removed from the animal and
temporarily frozen for transportation and subsequent
analysis. Stomach contents were collected in the lab-
oratory and preserved in 80% ethanol for sorting of
the lower beaks of cephalopods and otoliths of fish.
All items were counted and identified to the lowest
taxonomic level possible in reference to identifica-
tion manuals (Ohe 1985, Clarke 1986, Iizuka &
Katayama 2008). In addition, beak voucher collec-
tions of the National Museum of Nature and Science
were also used for comparison.

RESULTS

Necropsy

On external examination of the Mesoplodon carl-
hubbsi, 2 fully erupted mandibular teeth and exten-

sive scarring of the body were noted, which indicated
the animal to be an adult male according to Mead et
al. (1982). The animal was assessed to be in moderate
nutritional condition based on the appearance of the
epaxial muscles and blubber thicknesses of 52, 50
and 50 mm at dorsal, lateral and ventral midlines,
respectively, level with the umbilicus. On-site macro-
scopic observations of the liver revealed a 20 × 10 cm
localised area of discolouration in the hilar region
of the left lobe, representing approximately 5% of
the whole liver, where a total of 22 spindle-shaped
trematodes were seen within dilated and thickened
bile ducts (Fig. 1a).

Histopathology

Microscopic examination of the hepatic lesion
revealed distinct morphological changes in the intra-
hepatic bile ducts and hepatic parenchyma, respec-
tively (Fig. 1b). Intrahepatic bile ducts were charac-
terised by adenomatous hyperplasia with goblet cell
metaplasia of the biliary epithelium (Fig. 1c), with
moderate periductal fibrosis. In the adjacent hepatic
parenchyma, prominent ductular reactions were
noted where the proliferative ducts obliterated hepa-
tocytes and only a limited number of these hepato-
cytes remained in small foci (Fig. 1d). The remaining
hepatocytes and Kupffer cells contained variably
sized intracytoplasmic granular yellow-brown pig-
ment demonstrated as iron pigment and lipofuscin
with the Prussian blue reaction and Schmorl’s method,
respectively. Hall’s method was negative for bile pig-
ment. In contrast, hepatocytes in the non-affected
right lobe contained only moderate amounts of lipo-
fuscin pigment. Mild eosinophil-rich inflammation,
and granulomatous nodules around trematode eggs
were observed in the hypertrophic ductular walls
and occasionally within the parenchyma (Fig. 1e)

Immunohistochemistry of the proliferative ducts in
the hepatic parenchyma revealed CK19 positivity
(Fig. 1f), confirming the bile duct origin of these reac-
tive cells. In the unaffected control region, CK19 pos-
itivity was detected only in the bile duct epithelium;
the number of these bile ducts was much fewer com-
pared to the affected region (Fig. 1g). On the other
hand, Ki-67 visualised a notably low proliferation
rate of 0 to 1 immunopositive cells per high power
field in these reactive biliary epithelial cells.

No other significant lesions were identified, except
for nematodes with mild cellular reaction in the
lungs, multiple parasitic granulomas in the intestinal
mucosae caused by acanthocephalans and unat-
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Fig. 1. Liver pathology of Mesoplodon carlhubbsi. (a) Gross view of formalin-fixed, trematode-affected area in the left lobe.
Note significant thickening of bile ducts (BD) and opaque-white discolouration of hepatic parenchyma. Each black line on
scale: 5 mm. (b) Low magnification of hepatic lesion caused by intra-ductular Oschmarinella macrorchis (T) showing thick-
ened biliary epithelium (BE), moderate fibrosis of the bile duct wall, and hepatic parenchyma (P). Haematoxylin and eosin
(H&E); scale bar = 500 µm. (c) Adenomatous hyperplasia with goblet cell metaplasia of the biliary epithelium. H&E; scale bar =
100 µm. Inset: alcian blue pH 2.5 staining acid mucin of the metaplastic goblet cells. Scale bar = 50 µm. (d) Prominent ductular
reaction in the hepatic parenchyma with minimal remains of hepatocytes (arrow). H&E; scale bar = 50 µm. (e) Mild, eosinophil-
rich inflammation (arrowhead) with granulomatous nodules surrounding trematode eggs (E) in the ductular walls. H&E; scale
bar = 100 µm. (f) Immunohistochemistry with anti-cytokeratin 19 (CK19) antibody for verifying bile epithelial properties of
the reactively proliferating ducts in the hepatic parenchyma. Scale bar = 50 µm. (g) Immunohistochemistry with anti-CK19

antibody showing an unaffected region of the liver (control region) from the same individual. Scale bar = 50 µm
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tached intraluminal cestodes, and diffuse moderate
depositions of round to polygonal basophilic, poly -
glucosan bodies in the heart and cerebellum. Para-
sites other than the hepatic trematode were not
identified to the species level because these para-
sites were not collected for identification during
necropsy and only noted in sections for histopathol-
ogy. The histological architecture of the spleen was
considered to be normal with numerous areas of dis-
tinguishable primary and secondary follicles.

Hepatic trematode identification

The morphology was as follows; measurements
(length × width) are mean values, expressed in µm
unless otherwise stated (Table 1 gives mean and
min.–max. values).

Body spindle-shaped, elongate; 16.20 × 2.88 mm,
maximum width at level of ovary to uterus. Tegu-
ment spinose. Oral sucker spherical; 561 in diame-
ter. Ventral sucker unobservable in whole-mount
specimens due to overlap with over-stained uterus,
but located at the level of uterine field in cross sec-
tions; 510 × 419. Prepharynx very short. Pharynx
large, ellipsoid; 403 × 305. Intestine with anterior
and posterior caeca, both without lateral diverticula.
Anterior caeca extending to side of oral sucker, and
posterior caeca near posterior extremity, forming
uroproct. Testes tandem, both deeply lobed; ante-
rior testis 2670 × 1450, 5.04 (4.8− 5.3) mm from ante-
rior extremity; posterior testis 3750 × 1030, 7.74
(7.0−8.2) mm from anterior extremity. Cirrus pouch,
cirrus, seminal vesicle unobservable in whole-
mount specimens; seminal vesicle dorsal to ventral
sucker in cross sections. Ovary ovoid to ellipsoid,
pretesticular; 743 × 663. Uterus preovarian. Vitel-
laria dendritic, extending most of lateral field from
level of pharynx to posterior extremity, laterally
confluent in forebody and close together in post-tes-
ticular region; vitelline reservoir conspicuous, at
level of ovary. Eggs triangular in cross section; 58.9
× 44.2. Excretory vesicle tubular, pore posterior
 terminal.

Based on these observations and measurements,
the parasite was identified as Oschmarinella
macror chis Demaree, Critchfield and Tinling, 1997
(Brachy cladiidae; Fig. 2).

Amplification and sequencing of partial mtND3
(416 bp), 18S rRNA (1881 bp) and 28S rRNA
(1120 bp) regions revealed novel nucleotide se -
quences, which have been deposited in the Gen-
Bank database under accession numbers LC326064,
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LC269094 and LC269095, respectively. Phylogenetic
analysis of the mtND3 region clustered the obtained
sequence with Campula oblonga, Oschmarinella
rochebruni and Orthosplanchnus fraterculus (Fig. 3).
Pairwise similarity analyses of the 18S and 28S rRNA
genes with C. oblonga and O. rochebruni sequences
revealed extremely high similarity values of 99.9 and
99.8% with C. oblonga, and 99.7 and 99.6% with O.
rochebruni, respectively.

Contaminant assessment

Concentrations of DDTs, PCBs, CHLs, HCHs,
HCB and PBDEs in the liver and blubber samples are
summarised in Fig. 4 & Table 2. Among these con-
taminants, levels of DDTs and PCBs were noticeably
high in both liver and blubber samples of all 4 meas-
ured specimens (Fig. 4), comprising most of the total
contaminant burden at 93% in the liver (DDTs: 58 ±
3.4%; PCBs: 35 ± 3.0%) and 94% in the blubber
(DDTs: 59 ± 8.5%; PCBs: 35 ± 10%).

184

Fig. 2. Oschmarinella macrorchis of Mesoplodon carlhubbsi,
whole mount, ventral view. AT: anterior testis; O: ovary; OS:
oral sucker; PT: posterior testis; U: uterus; V: vitellaria; VR:
vitelline reservoir. Semichon’s carmine; scale bar = 5 mm.
Inset shows the presence of anterior caecal diverticula. Semi-

chon’s carmine; scale bar = 500 µm

Fig. 3. Phylogenetic relationship of Oschmarinella macror -
chis to other Brachycladiidae trematodes based on mito-
chondrial DNA NADH dehydrogenase subunit 3 (mtND3)
gene sequences, as inferred by maximum likelihood method
using the Hasegawa-Kishino-Yano model. A discrete gamma
distribution was used to model evolutionary rate differences
among sites (5 categories [+G, parameter = 0.2838]). Boot-
strap values are shown at the left of the supported node. The
tree is drawn to scale, with branch lengths measured in the
number of substitutions per site. Accession numbers are 

indicated in parentheses

Fig. 4. Concentrations of dichlorodiphenyltrichloroethane
and related compounds (DDTs) and polychlorinated bi phenyls
(PCBs), chlordanes (CHLs), hexachlorocyclohexanes (HCHs),
hexachlorobenzene (HCB) and polybrominated di phenyl
ethers (PBDEs) in the liver and blubber of 4 male Mesoplodon
carlhubbsi. Current case (M46866) is shown in red plots. 

Dotted lines: mean values; bars: standard deviation
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Liver Blubber
M46866 M38006 M36185 M34062 Mean ± SD M46866 M38006 M36185 M34062 Mean ± SD

PCBs
CB28 54 83 120 60 79 ± 30 64 42 37 36 45 ± 13
CB52 78 140 180 69 120 ± 53 1400 770 400 700 820 ± 420
CB95 120 180 190 <LOD 160 ± 38 1400 870 420 760 860 ± 410
CB101 190 180 350 230 240 ± 78 1700 670 620 1100 1000 ± 500
CB105 40 34 43 57 44 ± 10 200 100 75 170 140 ± 59
CB118 490 460 450 460 470 ± 17 4100 2200 650 2100 2300 ± 1400
CB126 1.2 2.0 2.4 3.2 2.2 ± 0.83 1.2 1.3 0.93 1.5 1.2 ± 0.24
CB138 510 590 670 480 560 ± 85 4700 2900 1500 2800 3000 ± 1300
CB153 700 750 860 650 740 ± 90 4000 3300 1400 3000 2900 ± 1100
CB180 160 210 230 170 190 ± 33 1500 1200 580 870 1000 ± 400
CB202 <LOD 16 22 15 18 ± 3.8 133 104 46 67 88 ± 39
CB209 <LOD 6.7 9.1 7.3 7.7 ± 1.2 22 35 13 18 22 ± 9.4

Total PCBsa 3700 4400 5500 3600 4300 ± 880 30000 24000 9900 16000 20000 ± 8800

PBDEs
BDE28 <LOD <LOD <LOD 1.0 − 0.96 1.8 2.1 1.4 1.6 ± 0.49
BDE47 7.9 5.7 6.8 6.3 6.7 ± 0.93 49 66 57 44 54 ± 10
BDE99 2.1 1.5 3.0 2.3 2.2 ± 0.62 13 10 8.0 6.7 9.4 ± 2.7
BDE100 1.1 0.81 1.0 0.45 0.84 ± 0.29 7.2 10 8.7 6.3 8.1 ± 1.6
BDE153 1.2 0.66 0.93 0.71 0.88 ± 0.25 5.1 8.5 7.2 5.9 6.7 ± 1.5
BDE154 1.8 1.2 1.6 1.4 1.5 ± 0.26 9.8 13 12 8.6 11 ± 2.0
BDE155 0.87 0.65 1.0 0.53 0.76 ± 0.21 4.8 6.7 6.1 3.8 5.4 ± 1.3

Total PBDEsb 16 10 14 14 14 ± 2.5 90 120 100 79 97 ± 17

DDTs
p,p’-DDT 1.9 4.0 3.3 6.5 3.9 ± 1.9 1100 4900 700 2000 2200 ± 1900
p,p’-DDE 5700 5500 5500 4000 5200 ± 790 25000 46000 18000 21000 28000 ± 13000
p,p’-DDD 1000 2300 1800 1200 1600 ± 590 1500 4900 2800 1500 2700 ± 1600
o,p’-DDT <LOD <LOD <LOD <LOD − 460 760 270 880 590 ± 280
o,p’-DDE 150 140 142 97 130 ± 24 360 690 340 350 440 ± 170
o,p’-DDD 220 190 330 370 280 ± 86 130 270 430 210 260 ± 130

Total DDTs 7100 8100 7700 5700 7200 ± 1100 29000 57000 23000 26000 34000 ± 16000

CHLs
Oxychlordane 100 160 160 81 130 ± 41 340 680 330 310 420 ± 180
cis-chlordane 11 <LOD 13 18 14 ± 3.6 16 30 16 23 21 ± 6.7
trans-chlordane 6.0 4.0 6.0 9.5 6.4 ± 2.3 1.6 3.7 1.2 2.0 2.1 ± 1.1
cis-nonachlor 30 30 45 46 38 ± 9.0 110 190 130 140 140 ± 34
trans-nonachlor 360 460 530 480 460 ± 71 1700 3300 1800 1500 2100 ± 830

Total CHLs 510 650 750 630 640 ± 98 2100 4200 2300 1900 2600 ± 1100

HCHs
α-HCH 2.9 3.5 5.0 4.8 4.1 ± 1.0 6.2 19 7.5 8.4 10 ± 5.9
β-HCH 120 130 120 80 110 ± 22 210 320 170 190 220 ± 67
γ-HCH <LOD 0.38 0.38 0.44 0.40 ± 0.035 0.56 <LOD 0.71 0.61 0.63 ± 0.076

Total HCHs 120 130 130 85 120 ± 21 220 340 180 200 240 ± 72

HCB
HCB 100 140 120 44 100 ± 41 210 580 300 270 340 ± 160

Lipid (%)
4.18 7.25 9.36 3.68 6.12 ± 2.68 81.3 75.0 73.3 74.7 76.1 ± 3.56

aSummed concentration of 62 individual and co-eluting congeners (CB1, 3, 4/10, 8, 15, 18, 19, 22, 28, 33, 37, 44, 49, 52, 54, 70,
74, 77, 81, 87, 95, 99, 101, 104, 105, 110, 114, 118, 119, 123, 126, 128, 138, 149, 151, 153, 155, 156, 157, 158, 167, 168, 169, 170,
171, 177, 178, 180, 183, 187, 188, 189, 191, 194, 199, 201, 202, 205, 206, 208, 209)

bSum of 44 congeners (BDE1, 2, 3, 7, 10, 15, 17, 28, 30, 47, 49, 66, 71, 77, 79, 85, 99, 100, 118, 119, 126, 138, 139, 140, 153, 154,
155, 156/169, 171, 180, 183, 184, 191, 196, 197, 201, 203, 204, 205, 206, 207, 208, 209)

Table 2. Concentrations of PCBs, PBDEs, DDTs, CHLs, HCHs and HCB (ng g−1 lipid weight; see Fig. 4 for definitions) and lipid
contents in the liver and blubber of 4 male Mesoplodon carlhubbsi. LOD: limit of detection; (–) not calculable
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In the liver of the current case (M46866), total
 concentrations of PCBs and DDTs were at 3700 and
7100 ng g−1 lipid weight, respectively. CB153, CB138
and CB118 were the major PCB congeners detected,
and p,p’-DDE and p,p’-DDD were prominent among
DDTs. Concentrations and patterns of contaminant
levels in the livers of other male M. carlhubbsi speci-
mens showed a similar trend to M46866 (Fig. 4,
Table 2), hence none of the compounds showed out-
standing values exclusive to M46866. However, in
the blubber of M46866, the total PCB level was
exceptionally high at 30 000 ng g−1 lipid weight com-
pared to 29 000 ng g−1 lipid weight of DDTs (Fig. 4),
accounting for the total blubber burden of 49 and
47%, respectively. In the blubbers of other male M.
carlhubbsi, PCB levels (17 000 ± 7100 ng g−1 lipid
weight) were stable at approximately only half of
the DDT levels (35 000 ± 19 000 ng g−1 lipid weight).
Levels of contaminants in the blubber were up to

8 times higher than those seen in the liver, but val-
ues of the other compounds were in similar ranges
across all measured specimens. Analysis of the
liver/blubber ratios across all the compounds per
specimen re vealed that the values for M46866 were
within the ranges of other specimens (see Fig. S1 in
the Supplement). Therefore, specific hepatic accu-
mulation was not identified for any of the contami-
nants analysed.

Stomach contents

Stomach contents were sorted into cephalopod
parts (lower and upper beaks, eyes, internal shells)
and fish parts (otoliths, eyes). As a result, 38 species
of squids from the family Gonatidae, 271 squids of
Gonatus spp., 4 Berryteuthis magister and 9 Gali-
teuthis phyllura were identified as confirmed prey

186

Fig. 5. Lower beaks used for identification of different squid species found in a stomach of Mesoplodon carlhubbsi. (a) Gonatus
sp.; (b) Gonatidae sp.; (c) Berryteuthis magister; (d) Galiteuthis phyllura. Each line on scale represents 1 mm
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species (Fig. 5). Other cephalopod beaks and all fish
otoliths were either too small or too severely dam-
aged for identification purposes.

DISCUSSION

In the current study, an uncommon hepatic trema-
tode was identified, causing a severe yet unique
pathologic change in the liver of an understudied
species of cetacean. Histopathologically, bile ducts
of Mesoplodon carlhubbsi containing Oschmarinella
macrorchis had a hyperplastic and inflammatory
response characterised by adenomatous hyperplasia
and goblet cell metaplasia. The changes observed in
the bile duct epithelium are not specific to this para-
site or to M. carlhubbsi, as it resembled a common
response in cetacean parasitic cholangitis (Jauniaux
et al. 2002, Jaber et al. 2004). A formerly undescribed
lesion was observed in the hepatic parenchyma adja-
cent to the bile ducts with intraductular trematodes,
characterised by an extremely prominent, pseudo-
carcinomatous ductular reaction. The histomorpho -
logy of the proliferative ducts and the obliteration of
hepatocytes observed in this case were more severe
than the portal bridging bile duct proliferation
reported from several small cetacean species with
parasitic cholangitis of a Campula spp. infection
(Jaber et al. 2004). This change could reflect chronic-
ity of the lesion, species-specific host response or a
reaction specific to O. macrorchis.

Cholangiocellular carcinomas are a common con-
sequence of some Opisthorchis and Clonorchis tre -
matode infections, a known food-borne human dis-
ease in Asia (Kim 1984). Although the lesion initially
showed histolopathological resemblance to cholan-
giocellular carcinoma, it was not diagnosed as a
tumour due to limited cellular and nuclear atypia of
proliferative bile duct epithelium, limited stromal
reaction (Cullen 2017), the lesion not appearing as an
apparent mass nor having the texture of a scirrhous
carcinoma at necropsy, no metastatic foci, and low
mitotic activity of ductular proliferation, detected
with the use of an anti-Ki-67 antibody.

The pathologic mechanism behind the prominent
ductular reaction in the current case of M. carlhubbsi
is unknown. However, in humans, the principal
pathogenesis of trematode-induced cholangiocellu-
lar carcinoma has been elucidated, and a similar
pathological process may have been involved in this
case. In humans, 3 distinct pathways (mechanical
damage by feeding parasites, inflammation-induced
immunopathology and direct effects of parasite-

secreted proteins) are thought to converge to result
in oxidative DNA damage and chronic cell prolifera-
tion (Sripa et al. 2012). The damaged DNA after suc-
cessive replications is thought to become fixed and
lead to malignant transformation of cholangiocytes.
Further investigations are required to understand the
pathogenesis of O. macrorchis-induced hepatic duc-
tular reaction.

Lymphoid follicle formations associated with hepa -
tic trematode infections is a common histopathologi-
cal change in a variety of small cetaceans (Jauniaux
et al. 2002, Jaber et al. 2004). However, lymphoid fol-
licle formations were lacking in the present case of
M. carlhubbsi infected with O. macrorchis. On the
other hand, there was no evidence of lymphoid
depletion based on findings in the spleen, following
the criteria established by Beineke et al. (2005).
Therefore, it is unlikely that the immune response
had been impaired to the level that lymphatic reac-
tions were unresponsive. The lack of lymphoid folli-
cle formations in this individual could either indicate
an immune response specific to M. carlhubbsi, differ-
ing from other previously reported cetacean species
with hepatic trematodes, or that O. macrorchis was
able to evade the host’s immune response. Investi -
gations on a larger number of specimens are needed
to confirm whether this was a difference at the spe-
cies/individual level or an O. macrorchis-specific
response.

Most cetacean hepatic trematode infections are
thought not to cause significant health concerns, but
rather predispose the host to secondary infection by
bacterial or fungal pathogens (Siebert et al. 2001). A
detailed histopathological examination did not reveal
any pathogens that would cause stranding and sub-
sequent death. Although the ultimate cause of
stranding remains unexplained, moderate polyglu-
cosan body depositions in the heart and central ner -
vous system was of special interest. Deposition of
polyglucosan bodies is an incidental finding attrib-
uted to aging in a variety of species such as humans,
dogs and horses (Thomas et al. 1980, Busard et al.
1990, Borràs et al. 1999). We have also observed this
as a rather consistent histological finding in a number
of adult cetaceans (S. Nakagun pers. obs.). Deposi-
tion of polyglucosan bodies in the individual from our
study may also be an indication that this was an aged
beaked whale, also inferred from extensive scarring
on the body.

Morphological examination of the hepatic trema-
todes revealed the absence of lateral diverticula in
both the anterior and posterior caeca, which allowed
the assignation of the genus Oschmarinella, rather
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than Campula. The genus Oschmarinella currently
in cludes 5 valid species (Yamaguti 1958, Salvador et
al. 1996), namely O. albamarina (Gibson & Bray
1997), O. laevicaecum (previously known as C. laevi-
caecum, Yamaguti 1942), O. macrorchis (Demaree et
al 1997), O. rochebruni (previously known as C. ro -
chebruni, O. mascomai, Raga 1986) and O. sobolevi
(Skrjabin 1947). A comparison with these 5 Osch -
marinella species (Table 1) revealed that the meas-
urements of our materials were most similar to O.
macrorchis. Therefore, we concluded that this para-
site should be identified as O. macrorchis, a trema-
tode originally described from the liver sinuses of M.
stejnegeri (Demaree et al. 1997). This is the first
hepatic trematode obtained from M. carlhubbsi and
the first time that O. macrorchis has been recorded
after its initial description. O. macrorchis can be
clearly distinguished from the other 2 hepatic trema-
tode species reported from whales of the genus
Mesoplodon, in that Cetitrema meadi lacks the ante-
rior caeca (Dailey 2007), and the ventral sucker in
Brachycladium parvulum is located around the mid-
dle portion of its body (Fraija-Fernández et al. 2014).
Minor differences in measurement values and
descriptions of observations compared to the initial
record were thought to be due to intraspecies vari-
ability. We confirmed the presence of dense tegu-
mental spines in this species for the first time and
hence suggest that the lack of spines in the initial
description of this parasite was due to mere prepara-
tion artefact, as implied by its authors (Demaree et al.
1997).

PCR amplification and sequencing analyses of the
mtND3, and 18S and 28S rRNA genes of O. ma -
crorchis revealed unique sets of gene sequences, and
found no matches with known sequences. A phylo-
genetic analysis of the mtND3 sequence showed that
O. macrorchis is clustered with C. oblonga, O. roche-
bruni and Orthosplanchnus fraterculus, as inferred
from morphological identification and previously
generated phylogenetic trees of Brachycladiidae
mtND3 sequences (Fraija-Fernández et al. 2016). It is
interesting that the genetic data of O. macrorchis are
closer to C. oblonga than O. rochebruni of the same
genus, despite the clear morphological differences
between Oschmarinella and Campula species. Mem-
bers of the Brachycladiidae are known to be related
to fish parasites, and evidence has shown that host-
switching events within cetacean hosts may have
occurred after the initial association was established
(Fraija-Fernández et al. 2015). A specific cophylo -
genetic focus on Oschma rinella and Campula spe-
cies is anticipated to resolve the origin and evolution-

ary relationships of these genera. There is no doubt
that direct sequencing and phylogenetic analyses are
powerful and useful tools in species determination,
but caution is needed especially in distinguishing
between Oschmarinella and Campula species with
genetics alone due to their genetic similarity. Mor-
phological observation of the presence or absence of
the intestinal lateral diverticula is still the gold stan-
dard in its differentiation.

Levels of POPs, especially of PCBs and DDTs in
both the liver and blubber of all 4 stranded male M.
carlhubbsi, showed relatively high values. The mean
concentrations of PCBs (20 000 ng g−1 lipid weight) in
the blubber of these animals were comparable to
those of 5 M. stejnegeri stranded in Japan (19 000 ng
g−1 lipid weight; Kajiwara et al. 2006); whereas the
DDT concentrations in the M. carlhubbsi in this study
(34 000 ng g−1 lipid weight) were ~3× lower than
those reported in M. stejnegeri (110 000 ng g−1 lipid
weight; Kajiwara et al. 2006). Kannan et al. (2000)
determined the threshold values for blubber PCB
concentrations potentially presenting adverse health
effects for marine mammals at 17 000 ng g−1 lipid
weight in blubber, which predicts the likelihood in
the onset of PCB-induced effects such as immuno -
suppression. The PCB levels in the blubber of
M46866 exceeded this threshold value at 30 000 ng
g−1 lipid weight, suggesting the possibility of a PCB-
induced health effect, presumably of immunosup-
pression and consequent disease susceptibility (Bei -
neke et al. 2005). Moreover, comprehensive studies
with laboratory animals on the cause−effect relation-
ship between contaminant exposure and immuno-
toxicity have demonstrated strong associations be -
tween contaminant doses and immune modulation,
leading to an alteration of host resistance (Luster et
al. 1992, 1993). Considering the fact that over 90% of
the total PCB body burden of cetaceans is stored
in their blubber (Tanabe et al. 1981), the overall
immune function will potentially decrease for an ani-
mal with high PCB levels, hence increasing infection
susceptibility (Beineke et al. 2005).

Our current study did not provide evidence of a
link between higher PCB levels and higher levels of
hepatic trematode infections, since no association of
contaminant loads — not only of PCBs but also of
DDTs, CHLs, HCHs, HCB and PBDEs in the liver —
was found between the Oschmarinella-infected
 animal (M46866) and trematode-free individuals
(M38006, M36185, M34062). It is important to note
that the total blubber PCB level was exceptionally
high for M46866 compared to the other 3 whales,
arguably due to some underlying potential immuno-
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suppression despite the histologically normal splenic
architecture.

It is notable that Anezaki et al. (2016) also deter-
mined PCB levels in the liver and blubber of M46866,
but found different concentrations from ours, with
7300 and 13 000 ng g−1 lipid weight in the liver and
blubber samples, compared to 3700 and 30 000 ng g−1

lipid weight, respectively. The discrepancies found
in our data when compared with those of Anezaki et
al. (2016) could be explained by factors such as dif-
ferences in methodology (extraction and clean-up),
analytical instruments, numbers of congeners moni-
tored and lipid content determination. For example,
the lipid content in the liver of M46866 was reported
as 2.0% in Anezaki et al. (2016), whereas we deter-
mined it to be 4.18%. Since the lipid content in the
liver of M46866 was low, slight differences will gen-
erate substantial variability in the overall lipid-based
concentration. To the best of the authors’ knowledge,
the lipid content needs to be determined using the
same extract that was used to determine the concen-
trations of compounds for an accurate demonstration
of chemical concentrations on a lipid basis. In fact,
concentrations of PCBs as well as the overall patterns
of congeners in this liver were highly similar be tween
the 2 studies when determined on a wet weight basis.
Nevertheless, we emphasise that the comparison
made between our data for M46866 and other male
M. carlhubbsi specimens is valid since all these val-
ues were obtained using the same analytical method
across all specimens. Furthermore, this study utilised
SRM 1945 for control and quality assurance as well
as following an internationally standardised method-
ology for the analyses of POPs in cetacean tissue
samples (Hansen et al. 2004, Jepson et al. 2005,
Tuerk et al. 2005), making the obtained data avail-
able for future comparisons.

The stomach contents were initially analysed with
the purpose of understanding the natural history of
an uncommonly stranded species. The analysis re -
vealed that the majority of remains consisted of squid
beaks. Identification of the family Gonatidae, com-
prising 96% of the total diet, was left at the genus
level due to further intensive analysis required for
species-level identification. Although there were
some fish otoliths found, the damage to these speci-
mens was too severe and they were therefore left
unidentified. Our results, combined with the results
of a study by Mead et al. (1982) which reported that
only 1 stomach out of the 5 adult M. carlhubbsi ana-
lysed contained fish remains while the others solely
contained squid (Gonatus sp., Mastigoteuthis pyro -
des, Octopoteuthis deletron, Onychoteuthis boreali-

japonica, Stigmatoteuthis dofleini), strongly indicate
that this species is heavily dependent on squid as
their primary diet. Squid of the family Gonatidae are
reported to inhabit mesopelagic to bathypelagic
zones in the water column (Nesis 1997), indicative of
the whale’s predatory dive behaviour into the depths.

The intermediate host has not been conclusively
determined for any of the Brachycladiidae trema-
todes to date. The best available information regard-
ing the intermediate host for any Brachycladiidae
parasite has come from C. oblonga, where squid and
fish are equally suspected (Delyamure 1955, Adams
et al. 1998, Gibson et al. 1998). In the case of
Oschma rinella spp. (Yamaguti 1958, Salvador et al.
1996), all known cetacean hosts — M. stejnegeri
(Yamada et al. 1995, Demaree et al. 1997), northern
bottlenose whale Hyperoodon ampullatus (Skrjabin
1947, Whitehead et al. 2003), long-finned pilot whale
Globicephala melas (Gannon et al. 1997), killer
whale Orcinus orca (Gibson & Bray 1997, Ford 2008),
Atlantic white-sided dolphin Lagenorhynchus acutus
(Rogan et al. 1997), beluga Delphinapterus leucas
(Quakenbush et al. 2015), long-beaked common dol-
phin Delphinus capensis (Yamaguti 1942), short-
beaked common dolphin D. delphis (Ohizumi et al.
1998), striped dolphin Stenella coeruleoalba (Raga
1986, Würtz & Marrale 1993) and spinner dolphin S.
longirostris (Perrin et al. 1973) — consume both ce -
phalopods and fish as part of their diet. Although
stomach content analyses only reveal the diet of an
animal at a particular time point and hence are usu-
ally biased (Hyslop 1980), our analysis of the diet of
M. carlhubbsi combined with reported food habits of
M. stejnegeri (Mead 1989, Yamada et al. 1995), the
only other known host of O. macrorchis, lead us to
hypothesise that the intermediate host of O. ma -
crorchis may be squid. However, a future intensive
search for the intermediate host of Brachycladiidae
trematodes including O. macrorchis is needed to
shed more light on this subject.

CONCLUSIONS

The present study examined a Brachycladiidae in-
fection in a rarely studied cetacean, Mesoplodon carl-
hubbsi, by pathologically describing a unique lesion
associated with Oschmarinella macrorchis. In the
 hepatic parenchyma, we report a formerly uncha -
racterised pseudocarcinomatous prominent ductular
 reaction, which marks a new variation of histomor-
phological changes induced by a hepatic trematode
in a cetacean. Whether this hepatic lesion is a conse-
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quence of an infection specifically by O. macrorchis
or of a host-specific immune response by M. carl-
hubbsi remains unresolved and requires future atten-
tion. This is the first record of O. macrorchis after its
initial description in M. stejnegeri (Demaree et al.
1997), and the first successful attempt to molecularly
characterise this species.

Analyses of environmental contaminant loads and
stomach contents were conducted in order to provide
additional background biological data for the species.
The environmental contaminant assessment of 4 adult
male M. carlhubbsi revealed relatively high levels of
POP accumulations in the liver and blubber, expected
of a marine mammal at a higher trophic level (Tanabe
et al. 1994). Furthermore, an exceptionally high PCB
contaminant load was detected in the blubber of the
individual infected with O. ma crorchis. Although
Isobe et al. (2011) report correlations between higher
levels of PCBs and hepatic trematode infections, we
could not establish a similar connection between con-
taminant accumulation and O. macrorchis infection in
the subject individual. The stomach contents revealed
some unidentified fish remains but generally a squid-
dominated diet, especially species inhabiting the me -
sopelagic to bathypelagic zones, further supporting
the conventional idea of M. carlhubbsi preferring
deep-water squids (Mead et al. 1982, Mead 1989).
These background biological data are expected to be
valuable in future studies looking into pathological
processes of various diseases in M. carlhubbsi and in
other whales of the genus Mesoplodon.

Studies of beaked whales, especially of Meso-
plodon spp. subjected to pathology and parasitology,
remain scarce. An increase in the number of trans -
disciplinary studies to fill in such gaps of knowledge
is desired to appropriately evaluate the health status
of these elusive animals and their relationship to
 parasites.
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