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Abstract. — Five species of Pacific saimon (genus Oncorhiynchus) captured on the high seas of the
North Pacific Ocean and Bering Sea were examined for the freshwater brain myxosporean Myxobolus
arcticus. Tn the western North Pacific Ocean, the prevalence of parasite infection was relatively high in
chinook (0. tshawytscha, 57.5%), sockeye (O. nerka, 30.4%), and coho (O. kisutch, 18.8%) salmon, but
low in chum (O. keta, 6.7%) and pink (O. gorbuscha, 0%) salmon, being reflected by a mode of freshwa-
ter life of host fish before their seaward migration. Distinct regional differences in prevalence were
observed in chinook salmon: infected fish were frequently found in the western North Pacific Ocean
(especially west of 170°E), but rarely in the eastern North Pacific Ocean and Bering Sea, suggesting the
restricted geographical distribution of M. arcticus in chinook salmon. The parasite may be useful as a
biological indicator to separate the continental origin of high-seas chinook salmon.

Introduction

Mpyxobolus arcticus Pugachev & Khokhlov, 1979
is a freshwater protozoan parasite of salmonids occur-
ring in Asian Far East and North America facing the
North Pacific Ocean and adjacent seas. Although its
spores are found in the nervous tissues, the parasite is
harmless to host fish. The parasite survives almost
throughout the complete life cycle of host fish includ-
ing their ocean migration. The freshwater oligo-
chaetes Stylodrilus heringianus and Lumbriculus var-
iegatus, both belonging to the family Lumbriculidae, are
known as alternate hosts of M. arcticus (Kent et al.,
1993; Urawa and Awakura, 1994). Spores are ingest-
ed by these oligochaetes following death of adult
salmon after spawning in the natal freshwater area. In
the gut wall of the oligochaetes the parasite develops
to triactinomyxon spores. They are released into
water and then infect juvenile salmon hatched in the
next spring (Urawa and Awakura, 1994). The parasite
has a restricted geographical distribution, which speci-
fies the parasite as an effective biological tag for stock
identification of sockeye salmon Oncorhynchus nerka
(Konovalov, 1975; Margolis, 1982; Quinn et al., 1987;
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Wood et al., 1987; Moles et al., 1990) and masu
salmon 0. masou (Awakura et al., 1982, 1995; Urawa,
1989). However, this type of utilization was limited to
local areas, and little information is available on the
occurrence of M. arcticus in high-seas Pacific salmon
(Oncorhynchus spp.)

The present study was conducted to show the
prevalence of M. arcticus in five species of Pacific
salmon collected in the North Pacific Ocean and
Bering Sea, and to evaluate the parasite’s usefulness
as a biological tag for stock identification of high-seas
salmon.

Materials and Methods

A total of 342 fishes, comprising 83 chinook
salmon (0. tshawytscha), 156 sockeye salmon, 16
coho salmon (O. kisutch), 47 chum salmon (O. keta),
and 40 pink salmon (0. gorbuscha), was caught on the
high seas of the North Pacific Ocean and Bering Sea
(41-55°N, 157° E-141° W) between May and August
in 1982, 1983, 1986 and 1987 by seven Japanese
research vessels (Kaiun maru, Hokusei maru,
Hokushin maru, Hoyo maru, Iwaki maru, Oshoro
maru, and Wakatake maru)(see Appendix). Heads or
whole bodies of the fishes were frozen after capture,
shipped to Japan, and stored under the frozen condition
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Table 1. Measurements { m) of the spores of Myxobolus arcticus from the brain of four species of Pacific salmon caught in the western

North Pacific Ocean.

Number Spore Polar capsule
Host fish of spores
measured length width thickness length width
Chinook salmon 19 13.8+£0.5 84105 — 7.6+04 2.6+04
(12.9-14.8) (7.7-9.8) - (6.7-8.3) (2.1-3.2)
Sockeye salmon 25 14.6+0.8 9.010.6 7.21£0.3 8.1+0.5 3.1+0.2
(13.4-16.8) (7.9-9.9) (7.0-8.0) (7.1-9.1) (3.0-4.0)
Coho salmon 25 14.8+0.6 89+0.5 6.9+0.3 8.01+04 3.01£0.1
(13.8-16.0) (8.0-9.8) 6.1-7.3) (7.0-8.7) (2.9-3.3)
Chum salmon 25 147107 93+04 6.81+0.3 8.4X0.6 32402
(13.0-15.8) (8.9-9.9) (6.1-7.4) (7.1-9.1) (3.0-4.0)

*Mean =% SD (range).

Table 2. Prevalence (%) of Myxobolus arcticus in five species of Pacific salmon caught in the North Pacific Ocean and Bering Sea.

North Pacific Ocean

Fish West of 180° East of 180° Total Rering Sea
Chinook salmon 57.5 (19/33)*' 0 (0/5) 50.0 (19/38) 0 (0/45)
Sockeye salmon 30.4 (42/138) 5.6 (1/18) 27.6 (43/156) ND*?
Coho salmon 18.8 (3/16) ND 18.8 (3/16) ND
Chum salmon 6.7 (3/45) 50.0 (1/2) 8.5 (4/47) ND
Pink salmon 0(0/37) 0(0/3) 0 (0/40) ND

*'Percent prevalence (number of fish infected/number of fish examined).

*INo data.

until dissected for parasite studies. The myxosporean
Mpyxobolus arcticus was the most detectable as spores
in the medulla oblongata of salmon (Urawa, unpub-
lished data). Then, a slide smear was made from the
medulla oblongata removed from each fish and imme-
diately examined at X 200 magnification until the
spores were identified or for approximately 5 min if no
parasites were found. Throughout the test, the western
and eastern North Pacific Ocean is defined as the
waters west and east of 180° longitude, respectively.
The ecological terms in parasitology used here are in
accordance with those of Margolis et al. (1982).

Fresh spores detected from each host species were
measured with a calibrated ocular micrometer, according
to the guideline proposed by Lom and Arthur (1989).

Results

Description of parasite

The spore of M. arcticus is pyriform in front view
with sharp tip of valves, and has two polar capsules at
the anterior end. Spore dimensions are 12.9-16.8 ym
in length, 7.7-9.9 pm in width, and 6.1-8.0 xm in
thickness. The polar capsules are cucumiform, being

6.7-9.1 ym long and 2.1-4.0 y2m wide (Table 1).

Host range

Myxobolus arcticus was found in chinook, sock-
eye, coho, and chum salmon, but not in pink salmon
(Table 2). Of the infected fish collected from the
western North Pacific Ocean, the prevalence was high-
est (57.5%) in chinook salmon, and lowest (6.7%) in
chum salmon.

Geographical distribution

Myxobolus arcticus was found in chinook salmon
captured in the western North Pacific Ocean between
157° 30'E and 177° 30'E, but not in the southern
Bering Sea and eastern North Pacific Ocean (Table 2,
Fig. 1). The prevalence was especially high (83%) in
fish from the waters west of 170° E (between 43° 58'N
and 49° 54'N). In sockeye salmon, the prevalence was
also much higher in the western North Pacific Ocean
(30.4%) than in the eastern waters (5.6%)(Table 2),
but there was no apparent difference in prevalence
within the western waters (Fig. 1).
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Fig. 1. Prevalence of Myxobolus arcticus in chinook salmon (top) and sockeye salmon (bottom) caught on the high seas of the
North Pacific Ocean and Bering Sea by 4°X 5° area between May and August in 1982, 1983, 1986, and 1987. Closed por-
tion of each pie shows the parasite prevalence in each area. Numeral within each area indicates number of fish examined.

Discussion

Four species of the genus Myxobolus have been
recorded from the brain or spinal cord of salmonids
(Schuberg and Schréder, 1905; Yasutake and Wood,
1957; Pugachev and Khokhlov, 1979; Gonzalez-Lanza
and Alvarez-Pellitero, 1984). Pugachev and
Khokhlov (1979) described two species of Myxobolus
from the nervous system of salmonids from the
Kamchatka Peninsula: M. arcticus (pyriform spores)
and M. neurobius (oval spores). The latter species
was first recorded from brown trout (Salmo trutta) in
Europe by Schuberg and Schréder (1905), but their
obscure descriptions caused subsequent taxonomic

confusion. A detailed taxonomic study is now being
carried out for the brain myxosporeans of North
American salmonids by S. Urawa and L. Margolis
(Pacific Biological Station). According to their
unpublished data, the species of pyriform spores,
which has been identified as M. neurobius in North
America (Arthur et al., 1976; Margolis, 1982, 1984;
Bailey and Margolis, 1987; Quinn et al., 1987; Wood
et al., 1987; Moles et al., 1990), should be treated as
M. arcticus. Apparently, the pyriform myxosporean
found in high-seas salmonids is also identifiable to
M. arcticus.

There were apparent differences in the prevalence
of M. arcticus among five species of Pacific salmon



SUF - £7.548( SCL. REP. HOKKAIDO SALMON HATCHERY, NO. 49, 1995

caught in the North Pacific Ocean. The parasite infec-
tions frequently occurred in chinook, sockeye and
coho salmon, but rarely in chum salmon. No pink
salmon were infected. The first three species usually
spend the first 1 or 2 years of their life in fresh water
before migrating to the ocean, whereas chum and pink
salmon migrate seaward soon after emerging from the
gravel beds. Then, the observed low prevalence of
infection in chum and pink salmon is probably attrib-
utable to a lack of opportunity to gain the parasite due
to the short period of their freshwater residence.

A marked regional difference in prevalence of M.
arcticus infection was observed in chinook salmon.
The parasite was frequently encountered in the west-
ern North Pacific Ocean (42-53°N, 157-177° E) but
not found in the southern Bering Sea (54-55° N,
175° W-178° E) and the Gulf of Alaska (52-55° N,
141-143° W). The scale-pattern analysis has shown
that most chinook salmon in the central Bering Sea
originate in western Alaska (Major et al., 1978; Myers
et al., 1987). The high prevalences of M. arcticus in
fish from the western North Pacific Ocean as well as
no infection in fish from the Bering Sea and Gulf of
Alaska suggest that M. arcticus frequently occurs in
Asian chinook salmon but rarely in North American
stocks. This assumption is well corroborated by
recent intensive parasitological surveys on chinook
adults collected from major spawning rivers of Asia
and North America (Urawa, Nagasawa, Margolis and
Moles, unpublished data).

Chinook salmon are the least abundant among
Pacific salmon, and a high proportion of them is
caught in fisheries at sea, often at long distance from
their natal rivers, causing regional and international
controversy. However, their low abundance makes
difficulty in determining the status of individual stocks
by tagging experiments (Harris, 1988). In addition,
scale pattern studies were not conclusive to determine
regional origins of chinook salmon distributed in the
North Pacific Ocean due to discrepancies of the results
(Major et al., 1978; Myers et al., 1987, 1993; Ito et al.,
1985, 1986). Most Asian chinook salmon originate in
Kamchatka, where M. arcticus is distributed
(Pugachev and Khokhlov, 1979; Nagasawa et al.,
1994). Thus, M. arcticus is expected as a biological
indicator to determine the Asian origin of chinook
salmon migrating to offshore waters.
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Appendix. Records of Myxobolus arcticus in the brain of five species of Pacific salmon caught in the North Pacific Ocean and Bering Sea.

Locality Date of catch Number of fish Prevalence (%)
examined infected

Chinook salmon

52°N,141°W  Jul. 18, 1987 2 0 0
55°N,143°W  Jul. 16, 1987 3* 0 0
55°N,175°W  Jul. 5, 1986 10 0 0
55°N,177°W  Jul. 6, 1986 20 0 0
54°N, 179°W  Jun. 14, 1987 5 0 ]
54°N,178°E  Jun. 15, 1987 10 0 0
47°N,177°E  Jun. 19, 1987 5 2 40.0
46°N,175°E  Aug. 2, 1987 1 0 0
48°N,173°E  Aug. 5, 1987 1 0 0
44°N,173°E ~ May 7, 1982 4 2 50.0
50°N, 172°E  Jun. 29, 1987 1 0 0
45°N,171°E May 9, 1982 2 0 0
53°N,170°E  Jun. 23, 1987 1 0 0
49°N, 169°E  Aug.7, 1987 3 2 66.7
49°N, 167°E  Jun. 19, 1987 1 1 100
44°N,167°E  Jun. 14, 1987 2 2 100
41°N,167°E  May 10, 1982 4 2 50.0
43°N,166°E  May 18, 1982 1 1 100
42°N,163°E  May 24, 1982 2 2 100
43°N,159°E  Jun. 19, 1987 1 1 100
44°N, 157°E Jun. 13, 1987 1 1 100
43°N,157°E  Jun. 14, 1987 2 2 100
43°N,157°E  Jun. 15, 1987 1 1 100
Sockeye salmon

51°N,177°W  May 26, 1983 2 0 0
50°N, 177°W  May 27, 1983 3 0 0
50°N, 177°W  May 28, 1983 6 1 16.7
49°N,177°W  May 31, 1983 1 0 0
48°N,177°W  Jun. 1, 1983 2 0 0
44°N,177°W  Jun. 6, 1983 4 0 0
51°N, 177°E ~ May 24, 1982 2 0 0
50°N,177°E  May 25, 1982 6 1 16.7
49°N,177°E  May 27, 1982 20 7 35.0
49°N, 177°E May 28, 1982 10 3 30.0
48°N,177°E  May 29, 1982 5 2 40.0
47°N,177°E  May 30, 1982 7 3 429
44°N, 177°E Jun. 2, 1982 5 1 20.0
45°N,173°E ~ May 8, 1982 2 2 100
51°N,172°E ~ May 23, 1983 2 0 0
45°N,171°E May9, 1982 2 1 50.0
44°N,171°E  May 10, 1982 1 ] 0

*One of three chinooks captured in the Gulf of Alaska (55°00'N, 143° 48'W) was infected with Myxobolus neurobius.
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Appendix. (continued)

Locality Date of catch Number of fish Prevalence (%)
examined infected

43°N,171°E May 11, 1982 3 1 333
50°N,167°E  May 21, 1982 2 0 0
49°N, 167°E May 21, 1982 2 1 50.0
48°N,167°E  May 20, 1982 4 1 25.0
46°N,167°E  May 18, 1982 6 0 0
45°N, 167°E May 15, 1982 1 0 0
43°N,167°E  May 12, 1982 57 18 31.6
43°N,156°E  Jun. 1, 1982 1 1 100
Coho salmon
42°N,172°E  May 10, 1983 4 1 25.0
45°N,171°E May 9, 1982 3 0 0
42°N, 171°E May 12, 1982 4 0 0
42°N,168°E  May 16, 1982 1 0 0
41°N,167°E  May 10, 1982 4 2 50.0
Chum salmon
50°N, 177°W  May 27, 1983 1 0 0
47°N, 177°W  Jun. 2, 1983 1 1 100
45°N,173°E~ May 8, 1982 1 0 0
44°N,173°E ~ May 7, 1982 2 1 50.0
43°N, 173°E May 6, 1982 2 0 0
50°N,172°E ~ May 22, 1983 1 0 0
48°N,172°E ~ May 20, 1983 3 0 0
45°N,171°E May 9, 1982 2 0 0
44°N,171°E  May 10, 1982 1 0 0
42°N, 171°E May 12, 1982 2 1 50.0
41°N,171°E May 13, 1982 3 0 0
41°N,170°E ~ May 14, 1982 2 0 0
42°N,168°E  May 16, 1982 3 0 0
41°N, 168°E  May 15,1982 4 1 25.0
43°N,166°’E  May 18, 1982 2 0 0
47°N,167°E  May 19, 1982 2 0 0
44°N,167°E  May 13, 1982 2 0 0
42°N,163°E ~ May 21, 1982 3 0 0
43°N,161°E ~ May 26, 1982 1 0 0
42°N, 158°E May 30, 1982 4 0 0
42°N,158°E  May 31, 1982 3 0 0
41°N,158°E ~ May 29, 1982 3 0 0
Pink salmon
47°N,177°W  Jun. 2, 1983 3 0
50°N,177°E ~ May 25, 1982 1 0 0
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Appendix. (continued)

Locality Date of catch Number of fish Prevalence (%)
examined infected
49°N,177°E  May 27, 1982 0 0
48°N,177°E  May 29, 1982 2 0 0
47°N,177°E  May 30, 1982 11 0 0
43°N, 172°E May 11, 1983 2 0 0
42°N,172°E  May 10, 1983 10 0 0
44°N,171°E May 10, 1982 1 0 0
42°N,168°E  May 16, 1982 2 ] 0
46°N,167°E  May 18, 1982 2 0 0
45°N,167°E  May 15, 1982 1 0 0
43°N,166°E  May 18, 1982 1 0 0
43°N,163°E  May 25, 1982 1 0 0
42°N, 163°E May 24, 1982 1 0 0
42°N, 158°E May 31, 1982 1 0 0




