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halisRiver(coastofWashingtontributary)during
1990-96(Table1,Fig.1).Forthesurveyofseasonal
occurrenceofparasites,juvenilecohosalmonreared
in the Minter Creek Hatchery were collected
monthlyfrom April1996toApril1997.Thesejuve-
nileswererearedinpond#17suppliedwithwater
from MinterCreek.Thewatertemperaturewasre-
cordeddailyduringthesurveyperiod.Seawardmi-
gratingChinooksmolts(n=432)werecapturedat
McNaryDam andJonesBeachinthelowerColum-
biaRiverinthespringandearlysummerof1987-
89.AdultspringandfallChinooksalmonwerecap-

turedinthelowerColumbiaRiver(n=295)andin
MinterCreek(n=37).Thefishsampleswerefrozen
orfixedwith10% formalinandstoreduntilthetis-
sueswereexaminedforparasites.

Parasiteexamination
Themedullaoblongataandspinalcordwerere-

movedfrom thefishsamplesandsmearedonslides.
Thesmearedslideswereexaminedforthepresence
ofM.kisutchisporeswithamicroscope(200×
magnification).Inaddition,themonthlysamples
from theMinterCreekHatcherywereobservedfor

Urawaetal.－Myxobolusksutchifrom salmonidbrains 3

Fig.1.Mapsindicatingsamplinglocations.

Table2.SporecharactersofMyxoboluskisutchifrom thecentralnervetissuesofChinookandcohosalmon.

SW/SLNC*2PCW*1PCL*1ST*1SW*1SL*1
No.spores

Location
Host

measured(Infectionsite)
0.90±0.043.0±0.25.3±0.46.8±0.39.0±0.410.0±0.560ColumbiaRiverSpringChinooksalmon
(0.80-1.00)(2.5-3.8)(4.0-6.0)(6.0-7.2)(8.0-9.8)(9.0-11.0)*31987(medullaoblongata)
0.93±0.047.6±0.72.9±0.25.1±0.36.4±0.29.4±0.410.1±0.540ColumbiaRiverFallChinooksalmon
(0.82-1.00)(7-9)(2.3-3.3)(4.3-5.5)(6.2-7.0)(8.6-10.1)(9.4-10.9)1988(medullaoblongata)
0.85±0.052.9±0.25.2±0.46.5±0.48.9±0.510.4±0.530MinterCreek,1990Chinooksalmon
(0.76-1.00)(2.5-3.5)(4.5-6.0)(6.0-7.2)(8.0-10.0)(9.5-11.0)(medullaoblongata)
0.82±0.072.7±0.44.8±0.45.2±0.37.2±0.58.9±0.630MinterCreek,1990Cohosalmon
(0.69-0.98)(2.0-3.1)(4.0-5.2)(4.9-6.0)(6.2-8.5)(8.0-10.0)(medullaoblongata)
0.86±0.057.3±0.52.8±0.35.2±0.35.6±0.28.0±0.59.4±0.430MinterCreek,1996Cohosalmon
(0.76-0.97)(6-8)(2.3-3.1)(4.5-6.0)(5.2-6.2)(7.2-9.0)(8.6-10.1)(medullaoblongata)
0.81±0.047.2±0.52.7±0.25.1±0.35.6±0.37.8±0.39.7±0.330MinterCreek,1996Cohosalmon
(0.72-0.88)(6-8)(2.3-3.1)(4.7-5.5)(4.9-6.2)(7.0-8.6)(9.4-10.1)(spinalcord)

(3.8-5.5)(3.5-3.8)(6.5-7.0)(7.5-8.5)-MinterCreekCohosalmon*4

(spinalcord)
*1SL,sporelength;SW,sporewidth;ST,sporethickness;PCL,polarcapsulelength;PCW,polarcapsulewidth;inmm.
*2NC,numberofcoilsperpolarfilament.*3Mean±SD(range).*4Measurementsfrom sectionedmaterialbyYasutakeandWood(1957).



parasitesinthelateralperipheralnerve.Detected
myxosporeanspores,viewedbyaNormanskymicro-
scope,weredescribedaccordingtoguidelinespro-
posedbyLom andArthur(1989).Sporemeasure-
mentsweremadefrom freshspecimens.

Results

Parasite
MyxosporeansporesofM.kisutchiweredetected

amongtheneurofibrilsofthecentralnervetissues
(medullaoblongataandspinalcord)ofcohoand
Chinooksalmon,butnotinthelateralperipheral
nerve.Noapparenthostresponsewasobservedin
theinfectionsites.Trohozoites(n=6)wereirregular
inshape,usuallyelongated,20-64× 16-29mm in
size,andcontained5-23spores(Fig.2A).Thespore
shapewasoviform oralmostroundinthefrontview
(Fig.2B,C).Thesporesizewasslightlydifferent
dependingonthehostfishes(Table2):thespores
from Chinooksalmonweresignificantlylargerthan
thosefrom cohosalmon(P<0.05).Thewidthof
shell membranes was 0.6-0.8 (mean 0.74)mm 
(n=100).Twopyriform polarcapsuleslocatedatthe
anteriorendoccupiedalmostthehalfofthespore
length.Polarfilamentscoiledinsideforming6-9
loops.Thefilamentsextendedwith5% KOHmeas-
ured52.5-87.5(mean66.6)mm (n=60).Asmalltri-
angularintercapsularprocesswaspresent.

Geographicaldistribution

MyxoboluskisutchisporesweredetectedinChi-
nooksalmonsmoltsandadultscapturedinthelower
ColumbiaRiver(Table1).Theprevalenceofinfec-
tioninsmoltsmigratingseawardpasttheMcNary
Dam,whichislocated467km upstream from the
rivermouth,was20-37% inMay,droppedto1.3-
1.7% inJune,andincreasedagainto29% inJuly.
The prevalence of infection in adult Chinook
salmoncapturedinthelowermainstream oftheCo-
lumbiaRiverwas43-65% forspringruns,butlower
(8-11%)forfallruns.Amongsixhatcheriesinthe
ColumbiaRiverBasin,theparasitewasfoundonly
insalmonfrom theCowlitzSalmonHatchery,where
allChinooksalmonjuvenilesexamined(n=50)were
heavilyinfected.Chinookandcohosalmonjuve-
nilesrearedintheMinterCreekHatcheryandthe
Simpson Hatchery were also infected with M.
kisutchi.

Seasonaloccurrence
IncohosalmonjuvenilesrearedattheMinter

CreekHatchery,sporesofM.kisutchiwerenotpre-
sentinAprilandMay,butappearedinthecentral
nervetissuesinJune(Fig.3).Theprevalenceof
sporeinfectionsincreasedto97% inJuly,andre-
mainedatalmost100% untilthenextspring,when
fishreachedthesmoltstage.

Discussion

MyxoboluskisutchiwasfirstfoundbyYasukate

さけ・ます資源管理センター研報Bull.Natl.SalmonResourcesCenter,No.8,20064
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Fig.2.PhotomicrographsofMyxoboluskisutchi.(A)Sporesinthespinalcordofcohosalmonfrom theMinterCreekHatchery.
Scalebar=25mm.(B)Same.Scalebar=5mm.(C)SporesinthemedullaoblongataofChinooksalmonfrom theColumbia
River.Scalebar=5mm.



andWood(1957),buttheirdescriptionwasbased
mainlyonhistologicalmaterials.Thepresentde-
scriptionofM.kisutchiindicatesthatthefreshspore
sizeislargerthanthatintheoriginaldescription,
eventhoughthehostspecies(cohosalmon)andlo-
cation(MinterCreek)werethesame(Table2).This
isapparentlyattributabletosporeshrinkageduring
theprocessingofsectionedmaterials.Itisnotewor-
thythatsporesfrom Chinooksalmonwerelarger
thansporesfrom cohosalmon.Hine(1979)alsoob-
servedvariationsinthesizeandshapeofMyxidium
zealandicumsporesamonghostspecies.
Severalothermyxosporeansarefoundinthe

nervetissuesofsalmonids(SchubergandSchr̀der
1905;PugachevandKhokhlov1979;Gonzalez-
LanzaandAlvarez-Pellitero1984;Hedricketal.
1991).Amongthesespecies,Myxoboluskisutchiis
morphologicallyverysimilartoM.neurobius.The
firstrecordofM.neurobiuswasofspecimensfound
inthespinalcordofbrowntrout(Salmotrutta)in
Europe(SchubergandSchr̀der1905),andlaterM.
neurobiuswasalsofoundinseveralsalmonidspe-
ciesfrom thePacificcoastofAsia(Pugachevand
Khokhlov1979;Awakuraetal.1982,1995;Urawa
andAwakura1994)andtheAtlanticcoastofNorth
America(Maloneyetal.1991).ThesporesofM.
neurobiuswerefoundinthelateralperipheralnerve
of Norwegian brown trout and Japanese masu

salmon(O.masou),aswellasinthebrainandspi-
nalcord(UrawaandEgil,unpublisheddata).How-
ever,sporesofM.kisutchiwerenotpresentinthe
peripheral nerve tissues of coho and Chinook
salmon.Thus,weproposethatM.kisutchiremains
asanindependentspeciesatthepresenttime.Future
molecularandlifecyclestudiesarenecessaryfor
thetaxonomyofMyxobolusspp.inthenervesof
salmonids.
Manypapersshowthatthelifecycleofmyxo-

sporeansinvolvesanactinosporeanstageinaquatic
oliogochaetesorpolychaetes.Forexample,theoli-
gochaetesStylodrilusheringianusandLumbricullus
variegatusserveasthealternatehostofM.arcticus,
whichinfectsthebrainandspinalcordofsalmonids
(Kentetal.1993;UrawaandAwakura1994).We
surveyedseveralspeciesofoligochaetesinthe
MinterCreekduringtheearlyFebruaryof1996,but
couldnotfindanyactinosporeans.Ontheother
hand,theseasonalsurveyindicatedthatsporesofM.
kisutchiappearedinthecentralnervetissuesofjuve-
nilesinJune,severalmonthsafterhatching.The
prevalenceimmediatelyincreasedtoalmost100% 
inthenextmonth,andthesporesremainedinthe
nervetissuesthroughoutthehostlife.Thesporefor-
mationofM.arcticusoccurswithin3monthsafter
infectionat10/C(UrawaandAwakura1994).Thus
salmonjuvenilesmaybecomeinfectedwithactino-
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Fig.3.SeasonalchangesinprevalenceofMyxoboluskisutchispores(closedcircles)injuvenilecohosalmonrearedattheMinter
CreekHatchery.Opencirclesindicatetheaveragerearingwatertemperatureineachmonth
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コロンビア川流域とその周辺河川のマスノスケとギ
ンザケの中枢神経系に寄生する粘液胞子虫類
Myxoboluskisutchiの地理的分布と季節変化
浦和茂彦・LeeHarrell・ConradW.Mahnken・

KatherineMyers

　マスノスケとギンザケの延髄や脊髄神経に寄生す
る粘液胞子虫類Myxoboluskisutchiの分布と寄生率の
季節変化を北アメリカ北西域で調べた．この粘液胞
子虫はコロンビア川と周辺域（ワシントン州の
MinterCreekとChehalis川）の限られた水域で発生
し，他の北米やアジアの主要なマスノスケ河川個体
群ではみられなかった．コロンビア川のMcNaryダ
ムを通過するマスノスケスモルトにおけるM.
kisutchiの寄生率は，5月（春タイプ）に20-37％で，
6月（主に秋タイプ）は1.3-1.7％に減少し，7月（秋
タイプ）に29％と再び増加した．コロンビア川河口
で採集された回帰マスノスケ親魚における寄生率
は，春タイプで43-65％であるのに対し，秋タイプで
は8-11％と低かった．MinterCreekふ化場で飼育さ
れたギンザケ幼魚では，M.kisutchiの胞子が6月に出
現し，7月には寄生率が97％で，その後翌春のスモル
ト期までほぼすべての魚に寄生がみられた．生鮮標
本に基づきM.kisutchiの再記載を行った．
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