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Abstract.— The myxosporean parasite Myxobolous kisutchi Yasutake and Wood, 1957 infected in
the medulla oblongata and spinal cord of Chinook (Oncorhynchus tshawytscha) and coho (O.
kisutch) salmon. The parasite occurred in restricted areas of the Columbia River basin and its
vicinities (Minter Creek and Chehalis River) in Washington, but not in other major Chinook salmon
populations in North America and Asia. The prevalence of parasite spores in Chinook salmon
smolts migrating down through the McNary Dam in the Columbia River was 20-37% in May
(spring type), dropped to 1.3-1.7% in June (mainly fall type), and increased again to 29% in July
(fall type). The prevalence of spores in adult Chinook salmon captured in the lower mainstream of
the Columbia River was 43-65% for spring runs, but lower (8-11%) for fall runs. Among juvenile
coho salmon reared at the Minter Creek Hatchery, the spores of M. kisutchi first appeared in June,
and the prevalence increased to 97% in July, being sustained at almost 100% until the smolt stage
in the next spring. The parasite was redescribed based on fresh specimens.
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Introduction

The myxosporean parasite Myxobolus kisutchi
Yasutake and Wood, 1957 was first found in the spi-
nal cord of wild juvenile coho salmon (Oncorhyn-
chus kisutch) in Minter Creek, Washington. However,
there has been no record since the first finding by
Yasutake and Wood (1957), except for Wyatt
(1978) who found this parasite in the brain of Chi-
nook salmon (O. tshawytscha) from the McKenzie
River of the Columbia River system. Several other
Myxobolus species are recorded from the nerve tis-
sues of salmonids (Schuberg and Schréder 1905; Pu-
gachev and Khokhlov 1979; Gonzalez-Lanza and
Alvarez-Pellitero 1984; Hedrick et al. 1991). How-
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ever, the original description of M. kisutchi was
based on sectioned materials, causing difficulties in
taxonomic comparisons with other species. Some
brain myxosporean species are known to be useful
as biological tags for the stock identification of host
fishes (Margolis 1982; Quinn et al. 1987; Bailey et
al. 1988; Urawa 1989; Moles et al. 1991; Awakura
et al. 1995; Urawa and Nagasawa 1995; Urawa et al.
1998). The aims of present study are to clarify the
geographical distribution and seasonal occurrence of
M. kisutchi in the U.S. Pacific Northwest, and to re-
describe its morphological characteristics.

Materials and Methods

Fish

Hatchery-reared Chinook (n=447) and coho
(n=437) salmon were collected from nine salmon
rearing facilities in the Columbia River basin, the
Minter Creek (Puget Sound tributary), and the Che-
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Fig. 1. Maps indicating sampling locations.
Table 2. Spore characters of Myxobolus kisutchi from the central nerve tissues of Chinook and coho salmon.
Host No. . . . . . .
ot Location O SPOTES gy SW'  ST'  PCL" PCW' NC®  SW/SL
(Infection site) measured
Spring Chinook salmon Columbia River 60 10.0+ 0.5 9.0+ 0.4 6.8+ 0.3 53+ 04 3.0+ 0.2 0.90+ 0.04
(medulla oblongata) 1987 (9.0-11.0)* (8.0-9.8) (6.0-7.2) (4.0-6.0) (2.5-3.8) (0.80-1.00)
Fall Chinook salmon Columbia River 40 10.1£ 0.5 9.4+ 04 6.4+ 02 5.1+ 03 2.9+ 0.2 7.6 0.7 0.93+ 0.04
(medulla oblongata) 1988 (9.4-10.9) (8.6-10.1) (6.2-7.0) (4.3-5.5) (2.3-3.3) (7-9) (0.82-1.00)
Chinook salmon Minter Creek, 1990 30 104+ 0.5 89+ 0.5 6.5+ 04 52+ 04 29+ 0.2 0.85+ 0.05
(medulla oblongata) 9.5-11.0) (8.0-10.0) (6.0-7.2) (4.5-6.0) (2.5-3.5) (0.76-1.00)
Coho salmon Minter Creek, 1990 30 89+ 0.6 72+ 05 52+ 03 48+ 04 2.7+ 04 0.82+ 0.07
(medulla oblongata) (8.0-10.0) (6.2-8.5) (4.9-6.0) (4.0-5.2) (2.0-3.1) (0.69-0.98)
Coho salmon Minter Creek, 1996 30 9.4+ 0.4 8.0+ 0.5 56+ 0.2 52+ 0.3 2.8+ 0.3 7.3+ 0.5 0.86= 0.05
(medulla oblongata) (8.6-10.1) (7.2:9.0) (5.2-6.2) (4.5-6.0) (2.3-3.1) (6-8) (0.76-0.97)
Coho salmon Minter Creek, 1996 30 9.7 03 7.8+ 03 5.6+ 03 5.1+ 03 2.7+ 0.2 7.2+ 0.5 0.81% 0.04
(spinal cord) (9.4-10.1) (7.0-8.6) (4.9-6.2) (4.7-5.5) (2.3-3.1) (6-8) (0.72-0.88)
Coho salmon™ Minter Creek - (7.5-8.5) (6.5-7.0) (3.5-3.8) (3.8-5.5)

(spinal cord)

+SL, spore length; SW, spore width; ST, spore thickness; PCL, polar capsule length; PCW, polar capsule width; in pm.
- NC, number of coils per polar filament. sMean+ SD (range). -sMeasurements from sectioned material by Yasutake and Wood (1957).

halis River (coast of Washington tributary) during
1990-96 (Table 1, Fig. 1). For the survey of seasonal
occurrence of parasites, juvenile coho salmon reared
in the Minter Creek Hatchery were collected
monthly from April 1996 to April 1997. These juve-
niles were reared in pond #17 supplied with water
from Minter Creek. The water temperature was re-
corded daily during the survey period. Seaward mi-
grating Chinook smolts (n=432) were captured at
McNary Dam and Jones Beach in the lower Colum-
bia River in the spring and early summer of 1987-
89. Adult spring and fall Chinook salmon were cap-

tured in the lower Columbia River (n=295) and in
Minter Creek (n=37). The fish samples were frozen
or fixed with 10% formalin and stored until the tis-
sues were examined for parasites.

Parasite examination

The medulla oblongata and spinal cord were re-
moved from the fish samples and smeared on slides.
The smeared slides were examined for the presence
of M. kisutchi spores with a microscope (200
magnification). In addition, the monthly samples
from the Minter Creek Hatchery were observed for
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Fig. 2. Photomicrographs of Myxobolus kisutchi. (A) Spores in the spinal cord of coho salmon from the Minter Creek Hatchery.
Scale bar = 25 um. (B) Same. Scale bar = 5 pm. (C) Spores in the medulla oblongata of Chinook salmon from the Columbia

River. Scale bar =5 um.

parasites in the lateral peripheral nerve. Detected
myxosporean spores, viewed by a Normansky micro-
scope, were described according to guidelines pro-
posed by Lom and Arthur (1989). Spore measure-
ments were made from fresh specimens.

Results

Parasite

Myxosporean spores of M. kisutchi were detected
among the neurofibrils of the central nerve tissues
(medulla oblongata and spinal cord) of coho and
Chinook salmon, but not in the lateral peripheral
nerve. No apparent host response was observed in
the infection sites. Trohozoites (n=6) were irregular
in shape, usually elongated, 20-64 x 16-29 um in
size, and contained 5-23 spores (Fig. 2A). The spore
shape was oviform or almost round in the front view
(Fig. 2B, C). The spore size was slightly different
depending on the host fishes (Table 2): the spores
from Chinook salmon were significantly larger than
those from coho salmon (P<0.05). The width of
shell membranes was 0.6-0.8 (mean 0.74) um
(n=100). Two pyriform polar capsules located at the
anterior end occupied almost the half of the spore
length. Polar filaments coiled inside forming 6-9
loops. The filaments extended with 5% KOH meas-
ured 52.5-87.5 (mean 66.6) um (n=60). A small tri-
angular intercapsular process was present.

Geographical distribution

Myxobolus kisutchi spores were detected in Chi-
nook salmon smolts and adults captured in the lower
Columbia River (Table 1). The prevalence of infec-
tion in smolts migrating seaward past the McNary
Dam, which is located 467 km upstream from the
river mouth, was 20-37% in May, dropped to 1.3-
1.7% in June, and increased again to 29% in July.
The prevalence of infection in adult Chinook
salmon captured in the lower main stream of the Co-
lumbia River was 43-65% for spring runs, but lower
(8-11%) for fall runs. Among six hatcheries in the
Columbia River Basin, the parasite was found only
in salmon from the Cowlitz Salmon Hatchery, where
all Chinook salmon juveniles examined (n=50) were
heavily infected. Chinook and coho salmon juve-
niles reared in the Minter Creek Hatchery and the
Simpson Hatchery were also infected with M.
kisutchi.

Seasonal occurrence

In coho salmon juveniles reared at the Minter
Creek Hatchery, spores of M. kisutchi were not pre-
sent in April and May, but appeared in the central
nerve tissues in June (Fig. 3). The prevalence of
spore infections increased to 97% in July, and re-
mained at almost 100% until the next spring, when
fish reached the smolt stage.

Discussion

Myxobolus kisutchi was first found by Yasukate
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Fig. 3. Seasonal changes in prevalence of Myxobolus kisutchi spores (closed circles) in juvenile coho salmon reared at the Minter
Creek Hatchery. Open circles indicate the average rearing water temperature in each month

and Wood (1957), but their description was based
mainly on histological materials. The present de-
scription of M. kisutchi indicates that the fresh spore
size is larger than that in the original description,
even though the host species (coho salmon) and lo-
cation (Minter Creek) were the same (Table 2). This
is apparently attributable to spore shrinkage during
the processing of sectioned materials. It is notewor-
thy that spores from Chinook salmon were larger
than spores from coho salmon. Hine (1979) also ob-
served variations in the size and shape of Myxidium
zealandicum spores among host species.

Several other myxosporeans are found in the
nerve tissues of salmonids (Schuberg and Schroder
1905; Pugachev and Khokhlov 1979; Gonzalez-
Lanza and Alvarez-Pellitero 1984; Hedrick et al.
1991). Among these species, Myxobolus kisutchi is
morphologically very similar to M. neurobius. The
first record of M. neurobius was of specimens found
in the spinal cord of brown trout (Salmo trutta) in
Europe (Schuberg and Schroder 1905), and later M.
neurobius was also found in several salmonid spe-
cies from the Pacific coast of Asia (Pugachev and
Khokhlov 1979; Awakura et al. 1982, 1995; Urawa
and Awakura 1994) and the Atlantic coast of North
America (Maloney et al. 1991). The spores of M.
neurobius were found in the lateral peripheral nerve
of Norwegian brown trout and Japanese masu

salmon (O. masou), as well as in the brain and spi-
nal cord (Urawa and Egil, unpublished data). How-
ever, spores of M. kisutchi were not present in the
peripheral nerve tissues of coho and Chinook
salmon. Thus, we propose that M. kisutchi remains
as an independent species at the present time. Future
molecular and life cycle studies are necessary for
the taxonomy of Myxobolus spp. in the nerves of
salmonids.

Many papers show that the life cycle of myxo-
sporeans involves an actinosporean stage in aquatic
oliogochaetes or polychaetes. For example, the oli-
gochactes Stylodrilus heringianus and Lumbricullus
variegatus serve as the alternate host of M. arcticus,
which infects the brain and spinal cord of salmonids
(Kent et al. 1993; Urawa and Awakura 1994). We
surveyed several species of oligochaetes in the
Minter Creek during the early February of 1996, but
could not find any actinosporeans. On the other
hand, the seasonal survey indicated that spores of M.
kisutchi appeared in the central nerve tissues of juve-
niles in June, several months after hatching. The
prevalence immediately increased to almost 100%
in the next month, and the spores remained in the
nerve tissues throughout the host life. The spore for-
mation of M. arcticus occurs within 3 months after
infection at 10 "C (Urawa and Awakura 1994). Thus
salmon juveniles may become infected with actino-
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sporeans of M. kisutchi in late February at the
Minter Creek Hatchery. It is interesting that the
prevalence of M. kisutchi spores decreased in June
(1-2%) but increased in July (29%) among Chinook
smolts migrating past the McNary Dam in the Co-
lumbia River. Peak timing varies from year to year
depending primarily on hatchery releases, but in gen-
eral, spring Chinook smolts migrate in May, while
fall smolts migrate in June and July (Dawley et al.
1980). The relatively high prevalence (20-37%) of
M. kisutchi in May may be related to the longer
freshwater residence (one year) of spring smolts
compared to fall smolts. On the other hand, the
prevalence in underyearling fall smolts was low in
June but high in July, perphaps because the spore
formation is almost completed in July, as indicated
by our seasonal survey.

Our study confirms that M. kisutchi occurs in re-
stricted areas of the Columbia River and Washing-
ton State waters (Minter Creek and Simpson River).
Among six hatcheries located in the Columbia River
basin the parasite was found only in Chinook
salmon sampled at the Cowlitz Salmon Hatchery.
However, Chinook smolts were already infected
when they migrated past the McNary Dam on the
mainstem of the Columbia River above the junction
with the Cowlitz River. This suggests that the para-
site might also occur in other areas within the river.
Myxobolus kisutchi has not been found in other ma-
jor stocks (33 populations) of Chinook salmon in
North America and Asia (Urawa et al. 1998). Thus
M. kisutchi is a good biological tag for identification
of Chinook salmon originating from the Columbia
River and Washington State waters. The past high-
seas survey indicated that Chinook salmon infected
with M. kisutchi was distributed in the Gulf of
Alaska (55°00'N, 143°48°W) (Urawa and Nagasawa
1995, in appendix as M. neurobius).

No host response against M. kisutchi spores was
observed, as mentioned in Yasukate and Wood
(1957). Other Myxobolus species also do not cause
any host response in the nerve tissues, but Moles
and Heifetz (1998) found that M. arcticus signifi-
cantly reduced the swimming performance of wild
sockeye salmon (O. nerka). Hatchery-reared coho
and Chinook salmon juveniles frequently suffer
from heavy M. kisutchi infections. Thus the impact
of M. kisutchi on host fishes should be evaluated.

References

Awakura, T., H. Kojima, K. Sugiwaka, and T.
Ogawa. 1982. Studies on parasites of masu sal-
mon, Oncorhynchus masou - 111. Myxobolus found
in spinal cord. Sci. Rep. Hokkaido Fish Hatch-
ery, 37: 37-47.

Awakura, T., K. Nagasawa, and S. Urawa. 1995. Oc-
currence of Myxobolus arcticus and M. neurobius
(Myxozoa: Myxosporea) in masu salmon On-
corhynchus masou from northern Japan. Sci.
Rep. Hokkaido Salmon Hatchery, 49: 35-40.

Bailey, R. E., L. Margolis, and C. Groot. 1988. Esti-
mating stock composition of migrating juvenile
Fraser River (British Columbia) sockeye sal-
mon, Oncorhynchus nerka, using parasites as natu-
ral tags. Can. J. Fish. Aquat. Sci., 45: 586-591.

Dawley, E. M., C. W. Sims, R. D. Ledgerwood, D.
R. Miller, and F. P. Thrower. 1980. A study to
define the migration characteristics of Chinook
and coho salmon and steelhead in the Columbia
River estuary. Annual Report-1979, Coastal
Zone and Estuarine Studies Division, Northwest
and Alaska Fisheries Center, National Marine
Fisheries Service, 2725 Montlake Boulevard
East, Seattle, Washington 98112. 53 p.

Gonzalez-Lanza, Ma., and Ma. P. Alvarez-Pellitero.
1984. Myxobolus farionis n. sp. and M. ibericus .
sp. of Salmo trutta f. fario from the Duero basin
(NW Spain). Description and population dynami-
cs. Angew. Parasitology, 25: 181-189.

Hedrick, R. P., A. Wishkovsky, J. C. Modin, and R.
J. Toth. 1991. Three myxosporeans found in the
cranial and branchial tissues of rainbow trout in
California. J. Aquatic Animal Health, 3: 55-62.

Hine, P. M. 1979. Factors affecting the size of
spores of Myxidium zealandicum Hine, 1975
(Protozoa: Myxosporida). Zew Zealand J. Ma-
rine & Freshwater Res., 13: 215-223.

Kent, M. L., D. J. Whitaker, and L. Margolis. 1993.
Transmission of Myxobolus arcticus Pugachev and
Khokhlov, 1979, a myxosporean parasite of Pacific
salmon, via a triactinomyxon from the aquatic oli-
gochaete Stylodrilus heringianus (Lumbriculidae).
Can. J. Zool., 71: 1207-1211.

Lom, J., and J. R. Arthur. 1989. A guideline for the
preparation of species descriptions in Myxosporea.
J. Fish Dis., 12: 151-156.

Maloney, R., R. J. Cawthorn, M. Markiw, and G.



Urawa et al.l] Myxobolus ksutchi from salmonid brains

Groman. 1991. The occurrence of Myxobolus
neurobius (Myxosporea) in wild Atlantic salmon
and Arctic char in Newfoundland. J. Aquatic
Animal Health, 3: 146-147.

Margolis, L. 1982. Parasitology of Pacific salmon -
an overview. In Aspects of parasitology (edited
by E. Meerovitch). McGill University, Montreal,
Quebec. pp. 135-226.

Moles, A., and J. Heifetz. 1998. Effects of the brain
parasite Myxobolus arcticus on sockeye salmon.
J. Fish Biol., 52: 146-151.

Moles, A., P. Rounds, and C. Kondzela. 1991. Use
of the brain parasite Myxobolus neurobius in sepa-
rating mixed stocks of sockeye salmon. Am.
Fish. Soc. Symposium, 7: 224-231.

Pugachev, O. N. and P. P. Khokhlov. 1979. Myxo-
sporeans of the genus Myxobolus - parasites of
the brain and spinal cord of Salmonidae. In Sys-
tematic and ecology of fishes in the Far East. pp.
137-139. (In Russian.)

Quinn, T. P, C. C. Wood, L. Margolis, B. E. Riddell,
and K. D. Hyatt. 1987. Homing in wild sockeye
salmon (Oncorhynchus nerka) populations as in-
ferred from differences in parasite prevalence
and allozyme allele frequencies. Can. J. Fish.
Aquat. Sci., 44: 1963-1971.

Schuberg, A., and O. Schroder. 1905. Myxospo-
ridien aus dem Nervensystem und der Haut der
Bachforelle. Archiv fiir Protistenkunde, 6: 47-60.

Urawa, S. 1989. Seasonal occurrence of Microspo-
ridium takedai (Microsporida) infection in masu
salmon, Oncorhynchus masou, from the Chitose
River. Physiol. Ecol. Japan, Spec. Vol. 1: 587-
598.

Urawa, S., and T. Awakura. 1994. Protozoan dis-
eases of freshwater fishes in Hokkaido. Sci. Rep.
Hokkaido Fish Hatchery, 48: 47-58.

Urawa, S., and K. Nagasawa. 1995. Prevalence of
Myxobolus arcticus (Myxozoa: Myxosporea) in
five species of Pacific salmon in the North Pa-

cific Ocean and Bering Sea. Sci. Rep. Hokkaido
Salmon Hatchery, 49: 11-19.

Urawa, S., K. Nagasawa, A. Moles, and L.
Margolis. 1998. Stock identification of chinook
salmon (Oncorhynchus tshawytscha) in the North
Pacific Ocean and Bering Sea by parasite tags.
North Pacific Anadromous Fish Commission
Bull.,, 1: 199-204.

Yasutake, W. T., and E. M. Wood. 1957. Some Myxo-
sporidia found in Pacific northwest salmonids. J.
Parasitol., 43: 633-642.

Wyatt, E. J. 1978. A new host and site of infection
for Myxobolus kisutchi and host record for Myxo-
bolus insidiosus. J. Parasitol., 64: 169-170.

godddddooooooooooooooooo
ggooboooboobuoobbobooboon

Mpyxobolus kisutchil 000000000
0 000 O Lee Harrelld Conrad W. Mahnken[]
Katherine Myers

goooooooooooooooooooood
0000000 Myxobolus kisutchill 1 00 0000
0000000ooooooooooooooog
goooooOoooO0oooooooooood
Minter Creek ChehalisO 00000000000
00o0000o0oooooooooooooood
000o0OO0DO0DOoDooO0DODOdOodMceNaryd
oooooOoooooooobDoooooMm
kisurchiD 000 0O050000000020-37000
e00dD0o0O0O0ODObO13-1700ooOoOo7oDO
0000020 0000000000000000
go0ooopDO0odobDOoooooooooood
goboooboo4s-es000noboooonoooonog
08110000000 Minter CreekD 000000
000000000 00M ksuchiD OO O6000
goovooooooooyyoonooboOooooog
goooooooooooooooooooood
O0000OM kismchiDODDDOOODDOO



