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ABSTRACT: A total of 25 parasitic species were found to infect 23 species of teleost and
two species of cartilaginous fish in the north-western Pacific. Known generalists, anisakid
and raphidascaridid juveniles (Nematoda), plerocercoids of Nybelinia surmenicola (Ces-
toda), and acanthocephalan Echinorhynchus gadi (Acanthocephala) were prevalent; how-
ever, plerocercoids of Pelichnibothrium speciosum were the most common parasites of
epipelagic and eurybathic fish, infecting 16 out of 23 examined teleost species. Digenean
infection of eurybathic species Aptocyclus ventricosus (Cyclopteridae), Zaprora silenus
(Zaproridae), Leuroglossus schmidti (Bathylagidae), and Icichthys lockingtoni (Centrol-
ophidae) differ from other teleost fish in their parasite fauna. The present study is the first
report of macroparasites from Magnisudis atlantica (Paralepididae) and 1. lockingtoni. In
addition, this is the first data on the infection of Gasterosteus aculeatus (Gasterosteidae) far
into the open ocean. Macroparasite infection of fish in the epipelagic layer of the north-
western Pacific Ocean is characterised by high infection rates and low species diversity of
parasites.
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PE3IOME: B xofe mapa3uToIoriaecKoro UCCIeJOBaHUS PhIO B CeBEPO-3aIlafHON JacTH
Tuxoro okeaHa ObIO 00CIEeHOBaHO 23 BHJA KOCTHCTHIX W 2 BUA XPSIIEBBIX PHIO, B
KOTOPBIX 00HApPYKEHO 25 BUIOB apa3nuToB. MI3BEeCTHBIC TCHEPATNCTHI, TAKIE KaK THIYMHKH
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AHU3AKHU/IHBIX U paduIacKapUIHIHBIX HEMATO I, Tieporiepkoubl Nybelinia surmenicola
u ckpebenb Echinorhynchus gadi BCTpedanuch 4acTo, OJHAKO, HauOoJiee MaCcCOBBIMU
ObLTH TUIEpOLEpKOU bl Pelichnibothrium speciosum, Haiinennsie B 16 n3 23 obcienoBan-
HBIX BHJIOB KOCTUCTBIX PbI0. TpemMarTo sl ObUTH OOHAPYKEHBI B 3BPHOATHBIX BUAX PhIO —
Aptocyclus ventricosus (Cyclopteridae), Zaprora silenus (Zaproridae), Leuroglossus
schmidti (Bathylagidae) u Icichthys lockingtoni (Centrolophidae), 4To 3aMETHO OTIIHYAIO
WX OT JAPYrux 00OCJeqOBaHHBIX BUAOB. MakpomapasuTel peid Magnisudis atlantica
(Paralepididae) u 1. lockingtoni ucciiejoBaHbI BIIEPBBIC, TAK)KE BIICPBBIC MOTYYCHBI JTaH-
HBIC O 3apaKEHHOCTH TpeXHIJIol Komwowmku Gasterosteus aculeatus (Gasterosteidae) B
OTKPBITBIX BOAaX THXOro OkeaHa Ha 3HAYMTEIBHOM yAaleHHH OoT Oepera. B memom,
WHBa3UsI phIO MaKpomapa3uTaMH B SMHIEIArHald CEBepO-3anaHon yacTd THXOro okeaHa
XapaKTepU3yeTcsl 3HAYNUTENbHOW HHTCHCUBHOCTHIO WHBA3HH, OJTHAKO OCJHBIM BHIOBBIM
COCTaBOM.

Kak mutupoBath 3Ty ctathio: Gordeev L1., Sokolov S.G. 2020. Macroparasites of epipelagic
and eurybathic fishes in the north-western Pacific // Invert. Zool. Vol.17. No.1. P.118-132.
doi: 10.15298/invertzool.17.2.02
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napasuToJIOTHs.

Introduction

The study of the open ocean is a hard task,
due to its depth, size, and distance from the
centres of civilisation. The Pacific Ocean, occu-
pying half the globe, can compete with the
Southern Ocean in its degree of unexploredness
(Rhode, 2005). In the polar and circumpolar,
the most productive regions of the Pacific Ocean,
there is a large number of concentrated fisher-
ies, aimed at such valuable fish species as salm-
on, Oncorhynchus spp. (Salmonidae) (Gordeev,
Klovach, 2019), walleye pollock, Gadus chal-
cogrammus Pallas, 1814 (Gadidae), Pacific
herring, Clupea pallasii Valenciennes, 1847
(Clupeidae), Pacific saury, Cololabis saira
(Brevoort, 1856) (Scomberesocidae), chub
mackerel, Scomber japonicus (Houttuyn, 1782)
(Scombridae), and halibuts, Hippoglossus spp.
and Atheresthes spp. (Pleuronectidae).

The main reason to study the biodiversity
and biology of parasites is their role in ecosys-
tem functioning. There is increasing evidence
that parasite-mediated effects could be signifi-
cant. They shape host population dynamics,
alter interspecific competition, influence ener-
gy flow, and appear to be important drivers of
biodiversity (Hudson et al., 2006). Also, para-

sites appear to have an important role in influ-
encing organisation within communities via re-
ducing host fitness, modifying competitive and
trophic interactions among species, altering the
behaviour of the host and in other ways (Hudson
et al., 2006). The role of parasites and their
hosts in marine invasions, when invaders direct-
ly or indirectly affect parasite and host popula-
tions and communities, is an actively studied
area of fish parasitology (Goedknegt et al.,
2016). Undoubtedly, data on the infection of
wild fish populations are the primary data to
elucidate the fundamental role of parasites in
marine ecosystem functioning. Moreover, para-
sites are of undoubted importance for the econ-
omy, since they not only cause significant dam-
age to a fishery product’s marketable condition,
but also sometimes make it unsafe to use it for
food (e.g. Quiazon, 2015). While the knowl-
edge of parasites is sufficient for commercially
important fish species, the great majority of
other fish have never been investigated in this
respect (Klimpel et al., 2009). There are many
species that inhabit the same water horizon (0—
50 m) as salmon during their period in the
marine environment (Gordeev et al., 2018), and
parasitological examination of these species is
interesting in terms of broadening our under-
standing of helminth infection in the open ocean.
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In the present paper, we summarise the re-
sults of the parasitological examination of 25
species of teleost and cartilaginous, epipelagic
and eurybathic fishes in the north-western Pa-
cific Ocean performed aboard the RV Professor
Kaganovsky in June—July 2018 (Gordeev et al.,
2018).

I.I. Gordeev, S.G. Sokolov

Material and Methods

All specimens were caught between 31 May
and 9 July 2018 by the research vessel Professor
Kaganovsky during a survey of Pacific salmon
(stock assessment), using midwater net trawl
RT/TM 80/396, with a 10 mm mesh insert in the

Table 1. Length, weight and locations of catches of fish examined during the parasitological survey on

the RV Professor Kaganovsky.

Ta6nl/1ua 1. HJ’II/IHa, BEC M KOOPAMHATHI BBLJIOBA oco6eﬁ, HCCJIEIOBAHHBIX B XOZ€ Mapa3sUuTOJIOIrH4€CKOro

nccienosanus Ha HUC «IIpodeccop Karanosckmiiy.

Species / total length range, Total no.
weight range examined

Localities (no. examined)

1 2

3

Salmoniformes

Oncorhynchus gorbuscha
(Walbaum, 1792) / 42.0-46.2 15
cm, 717-959 g

45°06'N&149°39'E (1); 49°59'N&156°16'E
(2); 50°45'N&159°57'E (1);
46°09'N&155°49'E (1); 43°58'N&152°16'E
(1); 43°14'N& 148°28'E (2);
46°00'N&157°46'E (1); 46°55'N& 158°22'E
(2): 49°06'N&161°58'E (4)

Oncorhynchus keta
(Walbaum, 1792) / 42.9-56.0 15
cm, 902-1966 g

49°592&156°16'E (3); 49°24'N&159°56'E
(2); 46°2TN&161°53'E (5);
43°5TN&149°31'E (5);

Oncorhynchus kisutch

8-12 ¢

(Walbaum, 1792) / 44.6-53.6 3 46°27'N&166°21'E (3)
cm, 1072—-1908 g
Perciformes
Brama japonica Hilgendorf,
1878 /40.8-45.2 cm, 1217- 13 42°41'"N&154°38'E (13)
1833 ¢
Hyperoglyphe japonica oyar o211 (1Y A104Q" o1
(Doderlein, 1884) / 21.0-38.7 ) ?]2)18N&]46 31I'E (1); 41°48'N&150°41'E
cm, 267-469 ¢
Icichthys lockingtoni Jordan et 5 41°50'N&148°45'E (1); 43°26'N& 155°56'E
Gilbert, 1880/37.0 cm, 398 ¢ (1)
47°31'N&I155°31'E (1); 44°41'N& 153°48'E
Zaprora silenus Jordan, 1896 / 6 (1); 46°00'N&157°46'E (1);
23.0-31.0 cm, 90471 g 49°02'N&163°27'E (1); 49°58'N&167°45'E
(2);
Aulopiformes
Lestidiops ringens (Jordan et
Gilbert, 1880)/17.0-21.0 cm, 30 48°1 I'N&166°10'E (30)

Magnisudis atlantica (Kroeyer,
1868) /38.0cm, 185 g

45°09'N&152°18'E (1)

Alepisaurus ferox Lowe, 1833
/100.2-133.0 cm, 1057-4016 4

g

50°06N&158°50'E (1); 46°58'N&156°56'E
(1); 46°37N&I159°56'E (1);
50°33'N&165°30'E (1)
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Table 1 (continued).
Tabmuma 1 (mpomoinkeHue).

1 2 3
Aulopiformes
Scopelosaurus harryi (Mead, 5 42°55'N&153°03'E (1); 42°41'N&154°38'E
1953)/11.5-22.0cem, 549 g (1)
S0°06'N&158°50'E (1); 47°48'N&157°56'E
Aniofopleras nikparin) (51())‘3445?;%\;?"155??;5? 519;55'1\1& 158°22'F
Kukuev, 1998 /43.0-114.0 9 5 N B 40"
om, 62-1778 g (1); 49°02'N&163°27'E (1);
’ 45°02'N&161°53'E (1); 45°09'N&152°18'E
(2)
Myctophiformes
Diaphus theta Eigenmann et
Eigenmann, 1890/ 4.1-7.5 25 45°39'N&160°5T'E (25)
cm,2.6-32¢g
Notoscopelus japonicus 43°14'N&148°28'E (10);
(Tanaka, 1908) / 11.5-14.0 35 42°55'N&153°03'E (1); 42°55'N&153°03'E
cm, 11.9-128 ¢ (24);
St I || senaisys B
1890) / 6.4-8.5cm, 4.3-6.5 g sao NG a3 08 )
Tarletonbeania crenularis
(Jordan et Gilbert, 1880) / 6.5 1 42°41'N&154°38'E (1)
cm, 4 g
Scorpaeniformes
50°06N&158°50'E (2); 47°31'N&155°31'E
i — (3); 45°56'N&153°20°E (1);
f;’é‘;‘;ﬁc;“{*]‘_‘;;g fcosus (Pallas, | | 45°20N&IS4°SI'E (2); 45°09N&152°18E
38sg (2); 44°58'N&158°12°E (2);
48°13'N&162°26'E (2); 47°20'N&167°07'E
)
Scombriformes
Scomber japonicus Houttuyn, 43°58'N&152°16'E (5); 42°35'N& 148°50'E
1782 /19.9-40.2 cm, 77-529 25 (5); 40°26'N&147°51'E (5);
g 43°26'N&155°56'E (10)
Beloniformes
Cololabis saira (Brevoort, 43°26'N&155°56'E (1); 45°39'N&160°57'E
; 856) / 26.8-39.5 cm, 11-154 52 (27). 45°02'N& 161°53'E (24)
Argentiniformes
Leuroglossus schmidti Rass,
1955/11.1-17.2 cm, 38.2— 16 50°06'N&158°50'E (16)
431 ¢g
Clupeiformes
Sardinops sagax melanosticta
(Temminck et Schlegel, 1846) 10 40°26'N&147°51'E (10)
/16.2-22.6 cm, 39-114 g
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Table 1 (continued).
Tabnuna 1 (IpoxoIDKEHHE).

1 | 2

3

Lampriformes

Desmodema lorum Rosenblatt
et Butler, 1977/ 113.0 cm, |
640 g

41°29'N&147°16'E (1)

Gasterosteiformes

Gasterosteus aculeatus

50°43'N&164°05'E (14);

Linnaeus, 1758 / 4.5-8.7 cm, 214 48°53'N&165°07'E (100);

2.164.17 ¢ 47°12'N&165°29'E (100)
" Lamniformes

Lamna ditropis Hubbs et

Follett, 1947 / 131.0 cm, 24.56 | 42°35'N&148°50'E (1)

kg

Carcharhiniformes

Prionace glauca (Linnaeus,
1758) / 140.0 cm, 42 kg

41°29'N&147°16'E (1)

net bag. Locations of the trawls are given in
Table 1.

All specimens were examined macroscopi-
cally for the presence of ectoparasites immedi-
ately after capture and then dissected and stud-
ied for endoparasitic helminths and other meta-
zoan parasites using a standard method of par-
asitological examination (Bykhovskaya-Pav-
lovskaya, 1985). All sharks caught alive were
released after measuring. Only two specimens
were hauled, already dead, and subsequently
included in the parasitological survey. Prefix-
ation treatment of trematodes and cestodes in-
cluded cleaning and straightening for better
identification. Acanthocephala were transferred
to fresh water until the proboscis everted prior
to fixation. All parasites except nematodes were
preserved in 70% and 96% ethanol. Nematodes
were preserved in 4% formaldehyde, and three
days later, transferred to 70% ethanol for long-
term storage. Subsequently, temporary glycerol
preparations of acanthocephalans and nema-
todes were made. Digenea were stained with
acetic carmine, dehydrated, contrasted (cleared)
with dimethyl phthalate, and finally mounted in
Canada balsam. Cestoda were hydrated, stained
with Harris’s hematoxylin, differentiated in tap
water, de-stained in ethanol, dehydrated, cleaned
in methyl salicylate, and finally mounted in
Canada balsam (Jensen et al., 2011).

In consideration of how to present our find-
ings, we faced difficulties due to the fact that
specimens of some species were caught with a
significantdifference in time and location. How-
ever, taking into account that almost all captures
occurred within one month and the fact that in
the open ocean environment, millions of square
kilometres can be regarded as homogeneous
from a biological point of view, in Table 2 we
have provided the infection indices all together
(all specimens of one species were pooled to-
gether to count parasitological indices), calcu-
lated in accordance with Bush ef al. (1999).
However, in Table 1, we have provided a list of
the examined species and the exact catch loca-
tions, with the number of specimens caught.

Results

Helminths were found in all studied fish
species except slender barracudina, Lestidiops
ringens (Jordan, Gilbert, 1880), and scaly pa-
perbone, Scopelosaurus harryi (Mead, 1953).
Most species were infected by the larvae of P.
speciosum and Anisakis sp. juveniles (Tables
2-8). Unlike all other bony fishes studied by us,
M. atlantica and long snouted lancetfish, Al-
episaurus ferox Lowe, 1833, had in their intes-
tines both undeveloped (normal) plerocercoids
P. speciosum, up to 3 cm long, and large plero-
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Table 2. Infection of Pacific salmon.
Tabmuma 2. [Tapa3uTsl THXOOKEAHCKUX JIOCOCEH.

Parasit Dev. Prevalence Intensity Site of
siee stage (%) (mean) infection
Oncorhynchus gorbuscha (n=15)
Cestoda Pelichnibothrium | . 100.00 | 1-36 (10.07) |  guts
specitosum
Copepoda Lepeophtheirus | 4 26.67 1-5 (2.25) body
salmonis salmonis surface
Anisakis sp. juv. III 33.33 1-13 (4.40) guts
Chromadorea Hys’e”’s’gy lacium | &3 1 6.66 1 (1.00) guts
Ascarophis sp. subad. 6.66 1 (1.00) guts
Palaecacantho- Echznorhyn.chus ad. 6.66 1 (1.00) intestine
cephala salmonis
Oncorhynchus keta (n=15)
Copepoda Lepeophtheirus ad. 20.00 1-3 (2.00) body
salmonis salmonis surface
Eubothrium
salvelini ad. 26.67 1 (1.00) guts
Cestoda Pelichnibothrium |\, 100.00 | 4-56 (26.47) | guts
speciosum
Nybelinia larva 6.67 2200 | Stomach
surmenicola wall
Chromadorea Anisakis sp. juv. 1T 20.00 2-10 (5.67) guts
Oncorhynchus kisutch (n=3)
Cestoda Pelichnibothrium ad. 100.00 | 4-56 (26.47) guts
speciosum

cercoids, up to 15cm long with undeveloped
sexual complexes (Fig. 1).

Discussion

As can be seen in Tables 2-8, species rich-
ness of macroparasites in pelagic fish in the
north-western Pacific is quite poor, but studied
specimens are highly infected. Well-known gen-
eralists in the area (Volkov et al., 1999), anisak-
id and raphidascaridid juveniles, plerocercoids
of N. surmenicola, and E. gadi made up 13% of
the total number of parasites found in bony
fishes and 22.2% of all species. Another com-
mon tapeworm, P. speciosum, could be labelled

as a generalist because plerocercoids of this
species made up 64% of the total number of
parasites and were found infecting 16 out of 23
examined teleost fish. Klimpel et al. (2006)
studied the infection of bony fishes and revealed
that in the Greenland Sea and in the Irminger
Sea, the diversity of parasites in pelagic fish
species was poor, while the parasite load in
demersal fishes was heavy. Species diversity of
marine fish parasites depends on the specific
feeding behaviour of the hosts, the availability
of intermediate and final hosts, depth distribu-
tion and host migration. Similarities in diet and
habitat of potential host species often resultin a
similar or even identical parasite fauna (Dogiel,
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Table 3. Infection of Perciformes fish examined.

Tabnuma 3. 3apakeHHOCTD TpencTaBuTeneit orpsaa Perciformes.

Parasite Dev. Prevalence Intensity Site of
stage (%) (mean) infection
Hyperoglyphe japonica (n=2)
Cestoda Gl}f;;é’:;’;;‘m adult 100.00 10.07 (1-36) | intestine
Brama japonica (n=13)
Nybelinia larva 7.69 1(1.00) | Stomach
Cestoda s?trme.mcolc.z wall
P e’;;he’j:’g;;hr;’”m larva 6932 | 3-14(6.67) | intestine
ng‘;gf' Hy S’emstgy L 7.69 1 (1.00) guts
Icichthys lockingtoni (n=2)
L’bco’jh"é’hg VZZ‘?’” ad. 50.00 1 (1.00) guts
Trematoda 2 i lp dium of
“”’J‘.’;Z‘;eiozm | ad 50.00 1 (1.00) guts
Cestoda | © el;;he’zli‘;;hr;’”m larva 50.00 1 (1.00) auts
Zaprora silenus (n=6)
Trematoda PZZ?ZZZ;Z’" ad. 66.67 5-94 (42.50) | intestine
Cestoda Pel;;heizczlizihrzlum larva 66.67 2-9 (5.50) intestine
Cgf)‘;ga' HyS’emstgy R 16.67 1 (1.00) auts

1962). In contrast, hosts with different food
preferences may have large differences in their
parasite fauna (Klimpel et a/., 2006). Within the
north-western Pacific, a combination of differ-
ent factors, especially the availability of inter-
mediate hosts and the habitat preferences of the
fish, can be seen as the main reason for the
observed infection.

All studied species of bony fish could be
divided into two unequal groups: eurybathic
species that perform significant vertical migra-
tions (lumpfish Aptocyclus ventricosus, prow-
fish Zaprora silenus, northern smoothtongue
Leuroglossus schmidti, and medusafish Icich-
thys lockingtoni) and epipelagic anadromous
and non-anadromous species that inhabit cold

and moderate waters of the north-western Pacif-
ic Ocean (all other species). Infection of eury-
bathic species differs from that of other fish due
to the presence of trematodes.

Our data on the infection of the poorly stud-
ied lumpfish, Aptocyclus ventricosus, is similar
to the data of Machida (1985) who performed a
targeted study on this species off northern Ja-
pan. However, our specimens were collected to
the north closer to the Bering Sea, so in our study
infection by digenean species is presented by
more polar species, like Prodistomum alaskense
(Ward et Fillingham, 1934). Prosorhynchus
mizellei Kruse, 1977 was described from A.
ventricosus caught in the Bering Sea (Kruse,
1977), but that seems to be the only record of P.
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Table 4. Infection of Aulopiformes.
Tabnuua 4. 3apaxkeHHOCTD TpencTaBuTeneit orpsaaa Aulopiformes.

Parasite Dev. | Prevalence Intensity Site of
stage (%) (mean) infection
Alepisaurus ferox (n=4)
Pellchm.bothrzum larva 100.00 60-211 outs
speciosum (122.75)
Cestoda —
Nybelinia larva 50.00 16-28 stomach
surmenicola ) (22.00) wall
Anisakis sp. J;‘ﬁ 50.00 4-7 (5.50) guts
Chromadorea Hysterothylacium | juv
5p. 10 25.00 2 (2.00) guts
Anotopterus nikparini (n=9)
Cestoda | Felichnibothrium |\ 11.00 4 (4.00) guts
speciosum
Magnisudis atlantica (n=1)
Cestoda Pelichnibothrium | 4. | 401 of 1 26 (26.00) guts
speciosum

Table 5. Infection of Myctophiformes.
Tabnuna 5. 3apakeHHOCTh mpenacTaButeneit orpsaa Myctophiformes.

Parasite Dev. Prevalence | Intensity Site of
stage (%) (mean) infection
Diaphus theta (n=25)
Cestoda Hy stero;li)zy lacium larva 4.00 1 (1.00) guts
Chromadorea Anisakis sp. juv. I1II 4.00 1 (1.00) guts
Notoscopelus japonicus (n=34)
Anisakis sp. larva 14.71 1-2 (1.20) guts
Chromadorea
Ascarophis sp. subad. 2.94 1 (1.00) guts
Stenobrachius leucopsarus (n=14)
Chromadorea Anisakis sp. juv. 1II 14.29 1 (1.00) guts
Tarletonbeania crenularis (n=1)
Cestoda Pehdml.bmh”um larva inlofl 1 (1.00) guts
speciosum

mizellei. Prowfish Z. silenus has never been studied, but quite fragmentarily. It was recorded
studied for parasitic infection, so all three com- as a host of Anisakis sp. (Solovyova, 1999),
mon species are recorded for the first time. Steringophorus congeri Shen, 1987, and
Northern smoothtongue L. schmidti has been Aponurus argentini Polyanski, 1952 (see



126

I.I. Gordeev, S.G. Sokolov

Table 6. Infection of Scorpaeniformes, Scombriformes, and Beloniformes.
Tabnuna 6. 3apakxeHHOCTh MpecTaBuTeNei oTpsaaoB Scorpaeniformes, Scombriformes n Beloniformes.

Parasite Dev. Preva- Intensity Site of
stage lence (%) (mean) infection
1 2 3 4 5
Scomber japonicus (n=25)
Anisakis sp. juv. III 64.00 1-21 (7.25) guts
Chromadorea -
Hy””";;’y lacium | <o | 2000 | 1-35 (8.20) outs
Prodistomum ad. 12.00 | 5-67(32.00) | intestine
orientale
Trematoda
Opechona olssoni ad. 4.00 1 (1.00) intestine
Lecithocladium ad. 4400 | 1-5(1.82) | intestine
excisum
Rhadinorhynchus -\ 4 12.00 1 (1.00) intestine
trachuri
Palaeacantho- ) - ]
cephala Rh. cololabis ad. 32.00 1-2 (1.14) intestine
Rh. selkirki ad. 4.00 1 (1.00) intestine
Cestoda | Felichnibothrium |\ 1600 | 1-2(1.50) guts
speciosum
Aptocyclus ventricosus (n=15)
Prodistomum ad. 26.67 3-11(6.00) | intestine
alaskense
Trematoda P ladi
araccactadim ad. 73.33 1-15(5.54) | intestine
cf. jamiesoni
Ascarophis sp. subad. 26.67 1-2 (1.50) guts
Chromadorea Anisakis Sp. juv. 111 6.67 1 (100) guts
Hys’emstgy lacium | o m | 667 1 (1.00) outs
Acanth. Echinorhynchus | 4 6.67 1 (1.00) intestine
gadi
Nybelinia larva 6.67 1 (1.00) stomach
Cestoda sz.zrme.mcolc.l wall
Pelichnibothrium |, . 6.67 1 (1.00) guts
speciosum
Cololabis saira (n=52)
Chromadorea Anisakis sp. juv. III 7.69 1-7 (2.50) guts
body
Copepoda Penella sp. ad. 23.08 1-4 (1.75) surface,

musculature
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Table 6 (continued).

Tabmuma 6 (MpomoIIKEHNE).

1 2 3 4 5
Rhadinorhynchus |y 98.08 1-8 (3.07) | intestine
cololabis
Palaeacantho- . . .
cephala Rh. selkirki ad. 3.85 1 (1.00) intestine
Rh. trachuri ad. 5.77 1 (1.00) intestine
Cestoda Pelichnibothrium -\ . . 26.92 1-3 (1.71) outs
speciosum

Table 7. Infection of other species of bony fishes.
Tabnuua 7. 3apakeHHOCTh MPEACTABUTENEH IPYTUX OTPSIOB KOCTHCTHIX PhIO.

Parasite Dev. | Prevalence | Intensity Site of
stage (%) (mean) infection
Sardinops sagax melanostictus (n=10)
Chromadorea Anisakis sp. J }l;; 10.00 1 (1.00) guts
Leuroglossus schmidti (n=16)
Cestoda Pelzchm{aothrmm larva 6.25 1(1.00) guts
speciosum
Licithophyllum 1 4 6.25 1(1.00) | intestine
botryoporon
Trematoda P ladi
araccectadiim ad, 12.50 1-2 (1.50) | intestine
Jjamiesoni
Desmodema lorum (n=1)
Hysterothylacium J}lﬁ inlofl 1 (1.00) guts
Chromadorea 3D -
Anisakis sp. J}JIVI inlofl 6 (6.00) guts
Cestoda Pelzchm.bothrmm larva inlofl 10 (10.00) guts
speciosum
Gasterosteus aculeatus (n=214)
Chromadorea Anisakis sp. J;‘ﬁ 2.34 1-2 (1.40) guts
Pelichnibothrium | . 7.01 1 (1.00) auts
speciosum
Cestoda Bothri nal
OUIrIOCEPRAMS | Yarva 7.01 1-3 (1.25) guts
scorpii
Bunodera . .
Trematoda mediovitellata ad. 12.62 1-3 (1.13) | intestine

Kuramochi, 2009). All three species mentioned
in Table 7 are noted for L. schmidti for the first
time. The same is true for the three parasitic

species that we found in medusafish 7. locking-
toni, which seems to have never been checked
for infection before.
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Table 8. Infection of cartilaginous fish.
Tabmuma 8. 3apakeHHOCTh XPSIIEBBIX PHIO.

Parasite Dev. Prevalence | Intensity Site of
stage (%) (mean) infection
Lamna ditrops (n=1)
Chromadorea Anisakis sp. juv. 1II inlofl 7 (7.00) stomach
Trematoda Lecztho'c ladium ad. inlofl 1 (1.00) stomach
excisum
Cestoda Nybelinia ad, inlofl |27@7.00) | SPirl
surmenicola valve
Cestoda Dinobothrium | 4 inlofl 2 (2.00) spiral
sp. valve
Prionace glauca (n=1)
Chromadorea Anisakis sp. juv. III inlofl 6 (6.00) stomach
Platybothrium . 323 spiral
auriculatum ad, in 1 ofl (323.00) valve
Anthobothrium . 120 spiral
Cestoda caseyi ad, in1of | (120.00) valve
Scyphophylli- . 155 spiral
dium exiguum ad. inlofl (155.00) valve
B B R 20 fee 2 24 s 26 2 2

-]
0
3_

Fig. 1. Dissected intestine of Alepisaurus ferox, infected by plerocercoids of Pelichnibothrium speciosum.

Puc. 1. BekpoiTeiit kumiedHuk Alepisaurus ferox, 3
speciosum.

The infection of Pacific salmon is a well-
studied issue. Many publications dedicated to
the parasites of salmon at different developing
stages are available (e.g. Konovalov, 1971;
Karmanova, 1998; Vyalova, 2002; Pospehov et

ApaKCHHOTO TuIepolriepkonaamu Pelichnibothrium

al., 2014). Pelichnibothrium speciosum (Mon-
ticelli, 1889) was the most abundant species in
our samples. For the first time, phyllobothriide-
an plerocercoids were found in Pacific salmon
by F. Zschokke and described as Pelichniboth-
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rium caudatum Zschokke in Zschokke and Heitz,
1914 (see Zschokke & Heitz, 1914). Zmeev
(1936) moved this species to the genus Phyllo-
bothrium Van Beneden, 1850. Dubinina (1971)
considered P. caudatum as conspecific with P.
speciosum. However, Szholz et al. (1998) dis-
agreed with this, based on the presence in the
zone of proglottis differentiation situated far
posterior to the scolex of P. speciosum sensu
Dubinina, 1971. Most authors indicate the com-
mon plerocercoids from Pacific salmon as P.
speciosum (Vyalova, 2002; Karmanova, 1998;
Pospehov et al., 2014). The type host of P.
speciosum is A. ferox (see Monticelli, 1889). In
our materials collected from nine examined
specimens of A. ferox, we found both small
plerocercoids (2-3 c¢m, matching the descrip-
tion of P. caudatum) and large (up to 15 cm), as
described by Szholtz et al. (1998). Since we
could observe gradual change in the scolex
morphology and were convinced that the large
plerocercoids processed are conspecific with
the small ones we found in 16 out of 23 exam-
ined teleost species, including 4. ferox, all of
them in Tables 2—8 are indicated as P. specio-
sum.

In the works of Mamaev et al. (1959) and
Margolis (1963) were records of Pacific salmon
species in the open ocean being heavily infected
by marine digenean species (Brachyphallus
crenatus (Rudolphi, 1802) and others), but in
our research, we found none of them. It can be
assumed that this is a consequence of the wave-
like change in the number of both parasites and
their hosts. In 1958, when Mamaev and his
colleagues collected their samples, only 39 tons
of pink salmon were caught in the Russian Far
East, while in 2018, it was the historical maxi-
mum of the pink salmon fishing season, and
more than 511 tons were caught (Gordeev et al.,
2018). Undoubtedly, the 13-fold difference in
the number of hosts that did not form shoals
during the feeding migration could affect the
dynamics of parasitic cycles.

Pacific barrelfish, Hyperoglyphe japonica
(Doderlein, 1884), was heavily infected solely
by a cestode Glossobothrium nipponicum
Yamaguti, 1952 (Table 3). Taking into account
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that this fish feeds on Japanese anchovy, En-
graulis japonicas Temminck et Schlegel, 1846,
euphasiids, hyperiids, and squid, as do many
otherteleost fish (Chuchukalo, 2006), host spec-
ificity of this tapeworm seems to be limited to a
small number of fish hosts, including Seriolella
brama (Giinther, 1860) (see Gulyaev, Korotae-
va, 1989) and Schedophilus velaini (Sauvage,
1879) (see Brabec et al., 2015). Another repre-
sentative of the order Perciformes — Pacific
pomfret, Brama japonica Hilgendorf, 1878, is
well studied in terms of parasitic infection by:
copepods (McDonald, Margolis, 1995), dige-
neans (Love, Moser, 1983; Moles, 2007), ces-
todes (Iannacone, Alvarifio, 2013), and acan-
thocephalans (Didenko, Shevshenko, 1999)
throughout its wide habitat range. However, P.
speciosum and Hysterothylacium sp. are re-
corded as infecting for the first time.

Two species of Aulopiformes — North Pa-
cific daggertooth, Anotopterus nikparini Kuku-
ev, 1998, and 4. ferox — are similar both in
appearance and in the structure of the jaw appa-
ratus. However, A. nikparini bites pieces of
flesh from its victims, while A4. ferox swallows
its prey whole. This dissimilarity in the feeding
method is reflected in the dramatic difference in
the helminth infection: only one out of the nine
examined specimens of 4. nikparini was infect-
ed by four plerocercoids of P. speciosum, while
A. ferox was heavily infected by generalist nem-
atodes and especially cestodes (Table 4, Fig. 1).
The reason why P. speciosum develops into a
large plerocercoid only in 4. ferox and M. atlan-
tica among fish species remains unclear. M.
atlantica was studied for infection for the first
time.

Mictophids California headlightfish, Dia-
phus theta Eigenmann et Eigenmann, 1890,
Japanese lanternfish Notoscopelus japonicus
(Tanaka, 1908), northern lampfish, Stenobrach-
ius leucopsarus (Eigenmann et Eigenmann,
1890), and blue lanternfish, Tarletonbeania
crenularis (Jordan et Gilbert, 1880), showed
weak involvement in the parasitic life cycles.
Only 10 out of 74 fishes were infected by gen-
eralists — Anisakis sp., Ascarophis sp., and by
P. speciosum (Table 5).
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Chub mackerel, Scomber japonicus Hout-
tuyn, 1782, is well studied for parasitic infection
in the north-western Pacific Ocean (Ishihara,
1968; Kovalenko, 1986) and the biological di-
versity of its infection is the greatest among
epipelagic species covered in this research, due
to its significant migrations from the areas of
spawning (Japanese archipelago) to the feeding
area in the more productive north areas. All
parasitic species found by us were previously
recorded repeatedly in chub mackerel (Volkov
et al., 1999).

Infection of the Pacific saury, Cololabis
saira (Brevoort, 1856), is well studied in the
areaunder consideration (Kurochkinetal., 1987,
Gordeev et al.,2017; Suyama et al., 2019). Our
findings are broadly consistent with the avail-
able information on infection of C. saira, in the
northern part of the Pacific Ocean (Table 6).
Total infection by acanthocephalans of the ge-
nus Rhadinorhynchus Liihe, 1911 was charac-
terised by higher prevalence of Rhadinorhyn-
chus cololabis Laurs et McCauley, 1964, while
inmore southerly waters, Rhadinorhynchus tra-
churi Harada, 1935 prevailed in the Pacific
saury’s intestine.

Japanese pilchard, Sardinops sagax mel-
anosticta (Temminck et Schlegel, 1846), and
whiptail ribbonfish, Desmodema lorum Rosen-
blatt et Butler, 1977, were poorly observed in
this work. However, in the latter fish species, we
have found Hysterothylacium sp., Anisakis sp.,
and P. speciosum (Table 7). This is the first
study of whiptail ribbonfish infection.

Threespine stickleback, G. aculeatus, an
anadromous species in the Pacific Ocean, per-
forms significant migrations from its spawning
grounds to the open waters. Our specimens were
caught at a distance of 500-600 km from the
shore and were infected only by Anisakis sp., P.
speciosum, Bothriocephalus scorpii (Miller,
1776) and Bunodera mediovitellata Zymbaluk
et Roitman, 1966. Among the listed parasites,
only B. mediovitellata remained in the exam-
ined sticklebacks from the fresh waters since its
first intermediate hosts are insects (Trichoptera)
(Caira, 1981). Our study showed that G. aculea-
tus’s infection significantly differs from all oth-
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er studied species of bony fish. The stickleback
feeds in the sea; however, the parasitological
examination of more than 200 specimens re-
vealed the prevalence of coastal (B. scorpii) and
freshwater (B. mediovitellata) parasites. This is
the first data on G. aculeatus infection so far in
the open ocean.

The salmon shark, Lamna ditropis Hubbs et
Follett, 1947, was studied in a single specimen
and comparatively little infection was found in
the form of the adult stages of N. surmenicola
and Dinobothrium sp. (Table 8). Anisakis sp.
and Lecithocladium excisum (Rudolphi, 1819)
were found in the stomach. Lamna ditrops is a
paratenic host of Anisakis sp., while for L.
excisum it is a postcyclic host. Both cestodes
were previously recorded in the salmon shark by
Palm (2004). Two specimens of Dinobothrium
found by us do not fit the morphological de-
scription of any of the six known species and
probably belong to a new species. The blue
shark, Prionace glauca (Linnaeus, 1758), was
studied in a single specimen too and was not
much older than the salmon shark specimen, but
was much more heavily infected. All three spe-
cies of cestodes recorded from the spiral valve
were already recorded in P. glauca (Merlo-
Serna, Garcia-Prieto, 2016; Alves et al., 2017).

Both species of sharks studied feed on fish.
However, the blue sharks mostly feed on Leuro-
glossus schmidti, Cololabis saira, and myc-
tophids with sea elephants, planktonic crusta-
ceans, thaliaceans, chum salmon, and coho salm-
on being found occasionally. In the feeding of
the salmon shark, pink salmon, and other salm-
on, Engraulis japonicus, Sardinops sagax mel-
anostictus, Clupea pallasii, and squid prevail
(Chuchukalo, 2006). Despite their generally
different feeding habits, both species of shark
share the same feeding base, so in our opinion,
the clear distinction between infections by ces-
todes arose due to the significant difference in
the morphology of the spiral valve (Leigh et al.,
2019). The blue shark is a representative of the
order Carcharhiniformes and has a cylindrical
spiral in the valve, while the salmon shark be-
longs to the order Lamniformes and has a verti-
cal spiral in the valve.
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