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Oregon Department of Fish and Wildlife trout brood-

stocks from Alsea, Cole Rivers, Klamath, Leaburg, Oak

Springs, Roaring River and Willamette Fish Hatcheries were

examined for the presence of myxosporidans. Wild fish

collected from waters above these hatcheries were also

examined. Seven species of myxosporidans were observed in

the hatchery broodfish: Chloromyxum sp., Chloromyxum

maiori, Hennequya sp., Myxidium minteri, two Myxobolus sp.

and Myxosoma squamalis. Two of the above species,

Chloromyxum sp. and Hennequya sp., were not seen in the

wild fish samples. Two myxosporidans not observed in

hatchery fish, Myxobolus insidiosus and Myxobolus kisutchi,

were found in wild fish. Chloromyxum ma'ori was present in

fish from Alsea and Leaburg Fish Hatcheries and the North

Fork of the Alsea and Roaring Rivers. Chloromyxum sp. was

observed from fish at Cole Rivers and Klamath Fish Hatch-

eries. Broodfish from Cole Rivers and Roaring River Fish



Hatcheries hosted Hennequya species. Myxidium minteri was

found at Alsea, Leaburg, Oak Springs and Roaring River Fish

Hatcheries and in the North Fork of the Alsea River,

Roaring River and Salmon Creek. Myxobolus insidiosus was

observed in wild fish from the McKenzie River, the North

Fork of the Alsea River, Roaring River and Salmon Creek. A

Myxobolus sp. similar to M. insidiosus in morphology and

size was observed in fish from Roaring River and Willamette

Fish Hatcheries and from the McKenzie River, the North Fork

of the Alsea River, Roaring River and Salmon Creek.

Myxobolus kisutchi was noted at only one location, the

North Fork of the Alsea River, while a Myxobolus sp.

resembling M. kisutchi in morphology and tissue specificity

was observed in fish from Cole Rivers Fish Hatchery and the

Rogue River. Broodfish from Cole Rivers Fish Hatchery and

wild trout from the North Fork of the Alsea River hosted

Myxosoma squamalis. The ratio of infected to uninfected

fish examined at each location ranged from 12-56% in the

broodfish and from 20-76% in the wild fish. Forty-one out

of the 47 infected hatchery broodfish hosted coelozoic

myxosporidans, while seven broodfish were infected with

histozoic species. All 48 infected wild fish hosted at

least one histozoic form; only four wild fish carried

coelozoic myxosporidans. Three out of the 175 broodfish

examined hosted more than one myxosporidan; seven multiple

infections were noted in the 107 wild trout examined.
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MYXOSPORIDANS OF RAINBOW AND CUTTHROAT TROUT
BROODSTOCKS FROM OREGON HATCHERIES

INTRODUCTION

Protozoans of the order Myxosporida are exclusively

parasites of lower vertebrates. They primarily infect fish

but may also occur in reptiles and amphibians. Myxosporidans

are a unique group of protozoans in that during much of

their life cycle they exist in a multicellular form.

Several of these myxosporidans are pathogenic and cause

considerable losses in fish of economic importance. However,

little is known about their life cycles, modes of trans-

mission and geographic distributions. The infective stage

of certain myxosporidans, such as Ceratomyxa shasta appear

to be limited to isolated drainages, while other species,

Myxosoma cerebralis for example, have a world wide distri-

bution apparently resulting from shipments of infected trout

and possibly contaminated eggs. Although many of the

myxosporidans are nonpathogenic, introduction of carrier

fish harboring either pathogenic or nonpathogenic spores

into disease free waters could lead to the spread of

potential pathogens. If myxosporidans are found to be

located only in isolated areas, then management practices

can be aimed at reducing the spread of myxosporidans and

preventing the introduction of infected fish into disease

free waters.
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Since the distribution of myxosporidans in Oregon is

not known this survey was initiated to examine Oregon

rainbow and cutthroat trout broodstocks and selected wild

trout populations. Since many myxosporidans show tissue

specificity, a comparison of the loci of infection in

hatchery and wild hosts may provide some insight into

the possible modes of transmission and life cycles of these

myxospori dans.
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LITERATURE REVIEW

Kudo (1966) lists 26 genera in the order Myxosporida.

The majority of myxosporidans are not considered pathogenic,

although there is evidence that heavy infestations of some

myxosporidans may cause a reduction in swimming ability

(Wood 1974) and may affect fish health in general (Wyatt

1961). Myxosporidans also may cause decreased growth rates

in fish and may provide routes of infection for secondary

invaders. Infections have been noted in the gall bladder,

gills, intestine, kidney, liver, muscle, scales, spleen, and

spinal cord of fish that show no overt symptoms of disease.

Only nine myxosporidan species of six genera are known

parasites of Pacific salmonids. These area Chloromvxum

maiori, Chloromvxum wardi, Mvxobolus insidiosus, Myxobolus

kisutchi, Hennequya salminicola, Myxidium minteri,

Mvxosoma cerebralis, Myxosoma sauamalis, and Ceratomvxa

Shasta (Table 1).

Members of the genus Chloromvxum are characterized by

spherical or oval shaped spores possessing four polar

capsules; they are coelozoic or histozoic in both freshwater

and marine fish (Kudo 1966). Chloromyxum maiori was observed

originally in steelhead trout (Salmo qairdneri) from Sandy

River, Oregon (Yasutake and Wood 1957) and in rainbow trout

(S. gairdneri) and chinook salmon (Oncorhynchus tshawyscha)

from Washington ( Yasutake and Wood 1957; Wood 1974) (Table 2).



Table 1. Spore characteristics of myxosporidans observed in Pacific salmonids.

ccrzlItomvxa

shasta
1:11.1.0romyxurn

zna or i

Chloromvxum
wardi

Henneouva
salminicola

Spore
morphology

broadly rounded
ends reflected
posteriorly; no
striations; suture
line straight,
raised, distinct

Spore dimensions* 1 14

um, fresh w 6

Number of polar
capsules

Polar capsule
dimensions*
um, fresh

Polar filament
length, um

Presence of
Iodinophilous
vacuole

Host species

Location

Loci of
infection

Reference

2

d 8

not given

rainbow trout
(Salmo aairdneri)

Crystal Lake
Hatchery, Ca.

widely distributed
in viscera

Noble, 1950

spherical; sutural
ridge & striations
prominent; numerous
straitions run
obliquely

d 7-8

4

d 3.5-4.0

not given

rainbow trout

Major Creek, Wa.

kidney

Yasutake and Wood,
1957

*b=breadth, d=diameter, 1=length, v=width

rounded pyramidal
in front view;
circular ir!.trans-
verse section;
sutural line
not straight,
striations vary

d 7.5-9.0

4

1 3
w 2.5

not given

sockeye salmon
(Oncorhvnchus
nerka)

Klutina Lake, Ak.

gall bladder

Kudo, 1920

ovoidal in front
views each valve
prolonged poster-
iorly into a long
process

(fixed in 6% saline)
1 51-57 (total)
b 8.6-9.5 (spore)

2

1 3.5-4.0
b 2.0-2.5

not given

coho salmon
(Oncorhynchus
risutCh)

Stickeen River, Ak.

muscle

Ward, 1919



cable 1. (continued)

Nyxidium
minteri

Myxobolus
insidiosus

Myxobolus
kisutchi

Myxosoma
cerebral is

Myxosoma
squamalis

Spore
morphology

Spore dimensions*
um, fresh

Number of polar
capsules

Polar capsule
dimensions
)2m, fresh

Polar filament
length, pm

Presence of
Iodinophilous
vacuole

Host species

fusiform with
pointed ends;
sutural line
straight and
distinct; pOlir
capsules near
each pole;
striations on
valves

1 9.3-12.6
w 6-7

2

1 2.3-3.8

25

coho salmon,
rainbow trout,
steelhead trout
brook trout

oval in front
view; with an-
terior end
slightly at-
tenuated; side
view pyriform;
end view lenti-

front view sub-
spherical or
oval; anterior
and side views
fusiform; no
striations;
suture line

circular in
front view;
lenticular in
side view;
shell smooth;
sutural ridge
thickened

rounded to oblong
in front view;
pyriform side
view; sutural
ridge without
markings is
narrow

lenticular straight

1 12.8-17.3 1 7-8.5 1 6-10 1 8.1-9.9
w 9.0-11.5 w 6.5-7 w 7.7-9.9
b 6.4-9.0 b 3.5-3.8 b 5.6-7.7

2 2 2 2

1 7.0-10.2 1 3.8-5.5 1 2.4-4 1 3.9-5.1
V 2.6-4.5 2 2.6-3.9

55.9-70.4 25-30 40-50 30.9-38.3

spring chinook
.salmon (2.
, tschawytscha)

coho salmon Trutta irides, rainbow trout.
coho salmonSalmo

fontinalis

(Salvelinus
fontinalis)

Location Minter Creek,
Wa.

McKenzie and
South Santiam

Minter Creek,
Wa.

Fish Hatcheries
Or.

Loci of
infection

kidney muscle, gill,
kidney, liver,
spleen

spinal cord

Reference Yasutake and Wyatt and Yasutake and
Wood, 1957 Pratt, 1963 Wood, 1957

Trutta salar

Germany Washington

cartilage, scales
cranial tissue

Kudo, 1920 Iversen, 1954
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This species was originally observed in the kidney but has

since been noted in the gall bladder of host species.

Table 2. Known locations of the spore
Chloromyxum ma'ori.

stage of

Host Loci of
species Location infection Reference

Chinook salmon Salmon Nutrition kidney Yasutake and
(Oncorhynchus Lab, Cook,

Washington
Wood 1957

tshawytscha)

Columbia River
hatcheries,
Washington

kidney Wood 1974

Rainbow trout
(Salmo

Major Creek,
Washington

kidney Yasutake and
Wood 1957

aairdneri)

Steelhead trout
(Salmo

Sandy River,
Oregon

kidney Yasutake and
Wood 1957

gairdneri)

Chloromyxum wardi was first observed in sockeye salmon

(O. nerka) from Klutina Lake, Alaska (Kudo 1920). Wood

(1974) reports that this parasite is the most prevalent

myxosporidan species in juvenile salmon at Washington

hatcheries. There have been no confirmed reports of C. wardi

in Oregon (Table 3). Chloromyxum wardi is primarily

coelozoic and is observed in the gall bladder of infected

fish.
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Table 3. Known locations of the spore stage of
Chloromvxum wardi.

Host
species Location

Loci of
infection Reference

Sockeye salmon Kiutina Lake, gall bladder Kudo 1920

(Oncorhvnchus Alaska
nerka)

Salmon Washington gall bladder Wood 1974

(unidentified hatcheries and intestine
species)

Other species of the genus Chloromvxum have been

reported in Oregon, however, they have not been positively

identified as either C. majori or C. wardi. Sanders reported

a Chloromvxum sp. from fall chinook at Trask Fish Hatchery,

Oregon (1967) and from yearling rainbow trout at Butte Falls

Fish Hatchery, Oregon (1977).

It is not known what effect Chloromvxum infestations

have on host fish; it is thought, however, that kidney and

gall bladder functions could be affected.

Species of the genera Myxobolus and Henneguva have

also been reported in salmonid hosts. Mvxobolus species

are characterized by ovoid or ellipsoid shaped spores, two

pyriform polar capsules, and the presence of an iodino-

philous vacuole. The genus HenneouVa differs from Myxobolus

in that the shell valves are prolonged posteriorly into long

processes.
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Two species of the genus Myxobolus, M. insidiosus and

M. kisutchi, have been reported in Oregon. Myxobolus

insidiosus, the only myxosporidan originally described from

Oregonwaters, is a histozoic parasite which primarily

infects the body musculature of salmonids. Free spores

have also been noted in the gill capillaries, kidney, liver,

and spleen of infected fish (Wyatt 1961). Wyatt (1961) first

described this myxosporidan from chinook salmon at McKenzie

and South Santiam Fish Hatcheries, Oregon. Its distribution

in Oregon has since been extended to include Coal, Cox, and

Marlow Creeks in the Coos River drainage, Hayes, Thornton,

and Wright Creeks in the Yaquina drainage (Amandi 1977),

the upper Willamette River at Dexter Dam (Sanders 1967), and

the North Santiam River (Holt 1977). It also has been re-

ported from rainbow trout at Brian Trout Farm (Olson 1977)

(Table 4).

Myxobolus insidiosus has also been observed in chinook

salmon held in McKenzie River water at the Weyerhauser

Company aquaculture facility, Springfield, Oregon (Amandi

1977). In Washington, it has been reported in chinook and

coho salmon from Speelyai Hatchery and in coho salmon from

Lewis River Hatchery (Wood 1974). Another Myxobolus sp.

was noted by Wyatt (1972) in the musculature of cutthroat

trout from Coal Creek (a tributary of South Santiam) and at

Leaburg Fish Hatchery.
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Table 4. Known locations of the spore stage of
Plvxobolus i sidiosus.

Host
species Location

Loci of
infection Reference

Chinook salmon Leaburg Fish muscle
(O. tshawytscha) Hatchery, Oregon

McKenzie and
South Santiam
(old) Fish
Hatcheries,
Oregon

Dexter Dam,
Oregon

Speelyai
Hatchery,
Washington

North Santiam
River, Oregon

McKenzie River
water at
Weyerhauser
aquaculture
facility
Springfield,
Oregon

gills, kidney,
liver, muscle,
spleen

gall bladder
and intestine

muscle

muscle

muscle

Cutthroat trout Thorton Creek muscle
(A. clarki) and Hayes Creek,

Oregon

Coho salmon Lewis River muscle
(O. kisutch) Hatchery,

Washington

Speelyai River muscle
Hatchery,
Washington

Wright Creek muscle
and Hayes Creek,
Oregon

Rainbow trout
(S. aairdneri)

Wright Creek,
Coal Creek,
Cox Creek, and
Marlow Creek,
Oregon

Brian Trout
Farm, Oregon

Rod 'n Reel
Trout Farm,
Cottage Grove,
Oregon

muscle

muscle

muscle

Wyatt 1972

Wyatt 1961

Sanders
1967

Wood 1974

Holt 1977

Amandi
1977

Amandi
1977

Wood 1974

Wood 1974

Amandi
1977

Amandi
1977

Olson
1977

Holt 1977



10

Heavy infections of Myxobolus insidiosus can cause

sufficient damage to the musculature to affect fish health

(Wyatt 1961; Wood 1974); lowered hematocrit and hemoglobin

values have been observed in fish subsequently found to be

infected with this myxosporidan (Wyatt 1961).

Another species of Myxobolus observed in coho and

chinook salmon is Myxobolus kisutchi. It was first described

by Yasutake and Wood (1957) in coho salmon from Minter Creek,

Washington, and has since been reported in juvenile and adult

coho salmon at several Washington hatcheries (Wood 1974).

Wyatt (1972) observed Myxobolus kisutchi in spring chinook

salmon at McKenzie Fish Hatchery, Oregon. This is the only

confirmed report of this myxosporidan in Oregon (Table 5).

Myxobolus kisutchi infects the nervous tissue of the

spinal cord and brain; the pathogenicity of this myxosporidan

is not known.

Table 5. Known locations of the spore stage of
Myxobolus kisutchi.

Host
species Location

Loci of
infection Reference

Chinook salmon McKenzie Fish
(00 tshawytscha) Hatchery,

Oregon

Coho salmon Minter Creek,
(O. kisutch) Washington

several
Washington
hatcheries

spinal cord Wyatt 1972
and brain

spinal cord Yasutake
and Wood
1957

spinal cord Wood 1974
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The only species of the genus Henneguya found in

Pacific salmonids is H. salminicola. It is a histozoic

parasite which forms white cysts in the body musculature;

it is not known whether severe infections of this myxo-

sporidan result in the death of the host. Hennequva

salminicola infection has been termed "tapioca disease"

because of the white cysts in the muscle (Wood 1974).

Since this species has never been reported in freshwater

fish or anadromous salmonids before their migration to

the sea, it is thought to be contracted in the ocean

(Table 6). Ward (1919) first described this species in

coho salmon from the Stickeen River, Alaska. The range

was extended southward to the Columbia River by Fish

(1939), who reported it in Chinook, coho and pink salmon

L. corbuscha).

Table 6. Known locations of the spore stage
Henneauya salminicola.

of

Host Loci of
species Location infection Reference

Coho salmon Stickeen muscle Ward 1919
(OncorhynChus R., Alaska

kisutcb)

Coho, Pink Columbia R. muscle Fish 1939

(O. corbusCha) to southeast
and Chinook Alaska
salmon (0.
tshawytscha)
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Hennequya sp. have been reported in rainbow trout

from the Brian Trout Farm, Oregon (Olson 1977) and from

spring chinook at Dexter and Felton dams, Oregon (Sanders

1967).

A genus which differs in morphology from the other

myxosporidan genera' described here is Mvxidium. These

species are fusiform in shape with pointed or rounded

ends; their polar capsules are located at each pole instead

of grouped at the anterior end. Mvxidium species are both

histozoic and coelozoic in host fish (Kudo 1966).

Mvxidium minteri is widely distributed in Oregon

(Table 7). It was first described by Yasutake and Wood

(1957) from brook trout (Salvelinus fontinalis), chinook and

coho salmon in Washington and in rainbow trout at Roaring

River Fish Hatchery, Oregon, steelhead trout from Alsea

Fish Hatchery and the Cedar, Lostine and Sandy Rivers,

Oregon. It was also found in coho salmon from Daniel and

Morgan Creek and the Coos and Trask Rivers, Oregon. Sanders

(1967) noted M. minteri in coho salmon at Alsea, Big Creek,

Bonneville, Eagle Creek, Klaskanine, Nehalem, Sandy, Siletz

and Trask Fish Hatcheries, Oregon and in chinook salmon at

Eagle Creek, Klaskanine and Trask Fish Hatcheries, Oregon.

Mvxidium minteri was also reported in steelhead trout at

Alsea and Big Creek Fish Hatcheries and in cutthroat trout

at Alsea and Bandon Fish Hatcheries, Oregon (Sanders 1967).

Spores of Mvxidium minteri are generally coelozoic but
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Table 7. Known locations of the spore stage of
Myxidium minteri.

Host
species Location

Loci of
infection Reference

Brook trout
(Salvelinus
fontinalis)

Chinook
salmon
(O. tshaw-
Iftscha

Coho salmon
(O.
kisutchi)

Cutthroat
trout (S.
clarki)

Rainbow
trout (S.
qairdneri)

Steelhead
trout (S.
qairdneri

Ford hatchery intake,
Washington

Klickitat River,
Washington

Trask, Eagle Creek,
and Klaskanine Fish
Hatcheries, Oregon

Minter Creek,
Washington; Daniel
Creek, Morgan Creek,
Coos River, Trask
River, Oregon

Sandy, Bonneville,
Eagle Creek, Big
Creek, Klaskanine,
Nehalem, Siletz,
Alsea, and Trask
Fish Hatcheries,
Oregon

Bandon and Alsea
Fish Hatcheries,
Oregon

Roaring River Fish
Hatchery, Oregon

Fish

Alsea and Big Creek
Fish Hatcheries,
Oregon

Sandy River, Lostine
River, Cedar River,
Oregon

kidney

kidney

gall bladder
and intestine

kidney

gall bladder
and intestine

gall bladder
and intestine

kidney

gall bladder
and intestine

kidney

Yasutake
and Wood
1957

Yasutake
and Wood
1957

Sanders
1967

Yasutake
and Wood
1957

Sanders
1967

Sanders
1967

Yasutake
and Wood
1957

Sanders
1967

Yasutake
and Wood
1957
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may also be found in the kidney of infected fish (Yasutake

and Wood (1957; Sanders 1967). Cysts in the livers of

chinook salmon have also been noted (Sanders 1967). Severe

infections of M. minteri are thought to result in renal

tubule degeneration (Yasutake and Wood 1957).

Other Myxidium species have been observed in salmonids.

A Myxidium sp. was noted by Davis (1946) in a fingerling

cutthroat trout at an Oregon hatchery. Yasutake and Wood

(1957) observed a Myxidium sp. in the kidney of a rainbow

trout from Rock Creek, Washington; these spores were

described as being larger than M. minteri.

A genus similar in morphology to Myxobolus is Myxosoma.

It is also characterized by circular, oval or ellipsoid

spores which are lenticular in side view; however it is

distinguished from Myxobolus by the absence of an iodino-

philous vacuole.

Myxosoma squamalis was first reported by Iversen (1954)

in rainbow trout and chum (0. keta) and coho salmon in

Washington (Table 8). Sanders (1967) found M. squamalis in

rainbow trout. from Siletz Fish Hatchery, Oregon. It has

also been observed in Oregon from rainbow trout at Brian

Trout Farm (Olson 1977) and in coho salmon from Big Creek,

Nehalem and Salmon River Fish Hatcheries (Holt 1978).

Myxosoma squamalis infects the scales of salmonids

producing whitish pustules on the body surface. Iversen

(1954) noted that the connective tissue above scales
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seemed to be modified and that fibroblasts appeared delicate

and spindle shaped. He suggested that M. sauamalis infect-

ion stimulates hyperactivity of the host tissue.

Table 8. Known locations of
Mvxosoma sguamalis.

the spore stage of

Host Loci of
species Location infection Reference

Chum salmon Washington scales Iversen 1954
(Oncorhynchuq

ketal

Coho salmon Washington scales Iversen 1954
(0, kisutch)

Rainbow trout Washington scales Iversen 1954

(Salmo Siletz Fish
Clig-dneri) Hatchery scales Sanders 1967

Another Mvxosoma, one which causes serious losses

among cultured salmonids in the eastern United States is

M. cerebralis. This species, the causative agent of

whirling disease, has never been reported in Oregon (Table

9); the first confirmed case of whirling disease in the

western United States was in juvenile rainbow trout from

a private trout hatchery on Garapata Creek, California

(Yasutake and Wolf 1970). It was also reported from two

locations in Nevada, the Truckee River and the Lahontan

National Fish Hatchery (Yasutake and Wolf 1970).

Myxosoma cerebralis infects the cranial cartilage of

young salmonids. Symptoms of whirling disease are: tail

chasing, whirling, gaped jaws, misshapen heads and trunks,



and blackened tails (Hoffman, Dunbar and Bradford 1962).

Table 9. Known locations of the
cerebralis in the western

spore stage
United States.

of Myxosoma

Host Loci of
species Location infection Reference

Rainbow trout Garapata Cr., cranial Yasutake and
(Salmo California cartilaginous Wolf 1970
oairdneri) Truckee R.,

Nevada
tissue

Rainbow and Lahon tan cranial Yasutake and
Cutthroat National cartilaginous Wolf 1970
trout (S.
clarki)

Fish hatchery,
Nevada

tissue
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Another myxosporidan of sai.monids which has caused

severe losses of fish in Oregon hatcheries is Ceratomyxa

shasta. Species of the genus are characterized by arched

spores with conical, hollow valves (Kudo 1966). They are

primarily coelozoic and infect both marine and freshwater

fish.

Ceratomyxa shasta was first reported in rainbow trout

from Crystal Lake Hatchery, California in 1948 (Wales and

Wolf 1955). Characteristics of the species were described

in 1950 by Noble. This was the first report of the genus

Ceratomyxa in freshwater fish and as a histozoic parasite.

Ceratomyxa shasta has been observed in fish from several

locations, however, the infective stage appears to be

confined to isolated areas (Sanders 1967; Gould 1970;

Johnson 1975)(Table 10).



Table 10. Known locations of the spore stage of
Ceratomyxa shasta.

Host
species Location

Loci of
infection Reference

Atlantic salmon
(Salmo salar)

brook trout
(Salvelinus
fontinalis)

Brown trout
(Salmo trutta)

Suttle Lake,
Oregon

Crystal Lake
Hatchery,
California

Crystal Lake
Hatchery,
California
Suttle Lake,
Oregon

Chinook salmon Eagle Creek,
tshawytscha) Kiaskanine,

Oxbow (Snake
River), Marion
Forks and Trask
Hatcheries;
Dexter Dam and
Pelton Dam,
Oregon
Pelton
Hatchery,Oregon

Adult chinook
and coho

Chum salmon
keta)

Coho salmon
kisutch)

Cowlitz
Hatchery,
Washington
Rogue River,
Oregon

several
Columbia River
Hatcheries,
Washington
Nanaimo,
British Columbia,
Canada

Big Creek,
Bonneville,
Eagle Creek,
Kiaskanine,
Nehalem, Oxbow
(Columbia River),
and Sandy
Hatcheries, Oregon
Davis Lake, Oregon

gall bladder
and intestine

not given

not given

gall bladder
and intestine

gall bladder
and intestine

gall bladder,
kidney, liver,
intestine and
external blebs
various
tissues

intestine

various
tissues

kidney

Sanders,
Fryer and
Gould 1970

Schafer 1968

Schafer 1968

Sanders,
Fryer and
Gould 1970

Sanders,
Fryer and
Gould 1970

Conrad and
Decew 1966

Wood 1974

Holt 1977

Wood 1974

Margolis
and Evelyn
1975

gall bladder Sanders,
and intestine Fryer and

Gould 1970

17



Table 10. continued.

Host
species Location

Loci of
infection Reference

Juvenile
salmonids
{rainbow or
coho live
boxed)

Rainbow trout
(Salmo
gairdneri)

Salmonid
species

Steelhead
trout
(Salmo
Oairdneri)

Trout

Odell, Davis, gall bladder
and Suttle and intestine
Lakes, Wickiup
reservoir,
Little Deschutes
R., Deschutes
R..below con-
fluence with
Little. Deschutes
R., Crooked R.,
Dalles Dam and
Oak Springs
hatchery
(Deschutes R.),
Oregon; Cowlitz
R., La Camas L.,
Washington

Davis L.,
Suttle L.
and L. Billy
Chinook, Or.
Lower 133
miles Willa-
mette R., Or.
Crystal L.,
hatchery, Ca.

Baum L.,
Rising R. L.,
Hat Cr. below
Baum L., Pit R.
and L. Britton,
Ca.

Nehalem R.,
Or.

Pelton
hatchery, Or.

Big Cr. and
Enterprise
hatche ries,
Pelton Dam, Or.

gall bladder
and intestine

intestine

widely
distributed
in viscera
not given

intestine

gall bladder,
kidney, liver,
intestine and
external blebs
gall bladder,
and intestine

Washington various tissues
Game Dept.
hatchery above
Cowlitz hatchery

Sanders,
Fryer and
Gould 1970

Sanders,
Fryer and
Gould 1970

Johnson 1975

Noble 1950

Schafer
1968

Sanders
1977

Conrad and
Decew 1966

Sanders
Fryer and
Gould 1970

Wood 1974

18
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Ceratomyxa shasta has been reported in coho salmon from the

Nehalem River and Columbia River basin and in spring chinook

from Willamette River tributaries (Sanders 1967). Fall

chinook salmon from Kiaskanine, Oxbow (Snake River) and

Trask Fish Hatcheries, Oregon were also infected (Sanders

1967). Steelhead from Big Creek and Enterprise Fish

Hatcheries, Oregon also hosted Ceratomvxa shasta (Sanders,

Fryer and Gould 1970). This species was also reported in

adult chinook salmon from the Rogue River, Oregon (Holt

1977). Juvenile salmonids live boxed at several locations

in the Deschutes River system became infected with C. shasta

after a period of exposure. The infective stage was found

in Odell, Davis and Suttle Lakes, Wickiup Reservoir, Little

Deschutes, Deschutes River before the confluence with the

Little Deschutes River, Crooked River, Dalles Dam and Oak

Springs Fish Hatchery, Oregon (Sanders et al 1970).

Ceratomyxashastawas also noted in rainbow trout from Lake

Billy Chinook (Sanders et al 1970) and in the lower 133

miles of the Willamette River (Johnson 1975). It also

occursin Washington (Rucker, Earp and Ordal 1953; Sanders

et al 1970) and British Columbia, Canada (Margolis and Evelyn

1975).

Ceratomvxa shasta infects various tissues. Its

principle loci of infection appears to be the intestine

(Sanders 1967). Symptoms of ceratomyxosis in rainbow trout

area lack of appetite, listlessness, redistribution to slack
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water, darkening of the body, epithelial and mucosal casts,

swollen abdomens and exopthalmia (Schafer 1968); as the

disease progresses the entire intestinal tract becomes

swollen and hemorrhagic which leads eventually to the

death of the host.

A Ceratomyxa sp., presumably C. shasta, was diagnosed

as the causative agent in epizootics among juvenile salmonids

at Pelton and Bonneville Fish Hatcheries, Oregon (Conrad and

Decew 1966). A Ceratomyxa sp. was first observed in Oregon

in 1954 by Wood and Wallis (1954) in adult spring chinook

salmon at Dexter Dam holding pond.
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MATERIALS AND METHODS

Sampling sites

Hatchery broodfish from Oregon Department of Fish and

Wildlife (ODFW) trout hatcheries and wild fish collected

above these hatcheries were examined for the presence of

myxosporidans. Twenty-five broodfish were obtained from

ODFW trout broodstocks at Alsea, Cole Rivers, Klamath,

Leaburg, Oak Springs, Roaring River and Willamette Fish

Hatcheries (Figure 1). Wild fish were collected by

electroshocker or seine above trout hatcheries in the

McKenzie River, the North Fork of the Alsea River, Roaring

River and Salmon Creek. Wild fish were not collected above

Klamath and Oak Springs Fish Hatcheries since these

hatcheries have spring fed water supplies. The sample size

of wild fish varied with location: 25 fish were examined

from the North Fork of the Alsea River, the Rogue River and

Salmon Creek; 15 fish were collected from the McKenzie River

and 17 from Roaring River. All trout were frozen after

collection and stored until examination.

Tissues examined

The following tissues and organs were examined from

each fish: the eye, gall bladder, intestine, kidney, muscle,

scales and spinal cord. Wet mounts of these tissues and

organs were prepared with host tissue fluids or tap water

as needed and examined under a Leitz or Zeiss research
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Figure 1. Hatchery and river locations where trout were
collected for myxosporidan survey.
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microscope for five minutes at high power (400X). Spore

dimensions which were determined under high power or oil

immersion (1000X) were estimated to the nearest ocular unit;

each unit measured 2.85 Aim under high power and 1.14 ,um

under oil immersion. Confirmation of myxosporidan species

was made by spore morphology and dimensions and loci of

infection.

At the onset of this study Myxobolus species were

treated with Lugol's iodine to demonstrate iodinophilous

vacuoles in the sporoplasm which are thought to contain

glycogen. The presence of these vacuoles has been used to

separate the genus Myxobolus from Myxosoma. Since results

varied even within host fish and because it was impossible

in some instances to treat spores with Lugol's iodine once

observed in a wet mount this taxonomic criterion was not

used. Walliker (1968) suggests that the presence of an

iodinophilous vacuole should not be used as a taxonomic

criterion since test results show that the staining of

these vacuoles is variable and in no species of Myxobolus

tested did the majority of spores contain a vacuole. He

also found that some Myxosoma species also possessed vacuoles.

vacoles.

Cranial tissues from each fish were examined for the

presence of Myxosoma cerebralis. A modified method of the

plankton centrifuge concentration technique of O'Grodnick

(1975) was used. Steps in the procedure include: 1) fish
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heads were simmered in tap water in order to facilitate

removal of the skull and gill arches of broodfish; whole

Skinned heads of wild fish were processed; 2) the tissues

were then blender-homogenized with tap water for 3-5 minutes

minutes; 3) the homogenate was filtered through an 88 um

Tyler sieve and spun at high speed in a Kahlsico plankton

centrifuge; 4) the concentrate was diluted with tap water

and wet mounts prepared from the solution. Slide prepara-

tions were examined at high power under a Leitz or Zeiss

research microscope for five minutes. At the onset of this

study muscle tissue from the head region of broodfish was

processed along with the skull and gill arches. The proc-

edure was later changed to eliminate muscle tissue from the

samples.

All photomicrographs of myxosporidans were taken with

a 35 mm Leica camera mounted on either a Leitz or Zeiss

research microscope.
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RESULTS

Myxosporidans were observed in fish from all hatchery

broodstocks and wild populations sampled with the inci-

dence of infection being greater in wild fish. The ratio

of infected to uninfected fish examined at each location

ranged from 12-56% in the broodfish and from 20-76% in the

wild fish. Seven species of myxosporidans were observed

among the broodtrout: Chloromyxum majori, Chloromyxum sp.,

Henneguya sp., Myxidium minteri, Myxosoma squamalis and

two species of the genus Myxobolus, one which is identical

to Myxobolus kisutchi in morphology but differs in size

and the other which is similar to Myxobolus insidiosus in

morphology and size yet differs in tissue specificity

(Table 11). Only two of these seven species, Chloromyxum

sp. and Hennequya sp., were not seen in the wild fish

samples. Two myxosporidans not observed in broodfish,

Myxobolus insidiosus and Myxobolus kisutchi were found in

wild fish (Table 12).

Chloromyxum

Of the five genera of myxosporidans observed in

hatchery broodfish, Chloromyxum species were the most

abundant. Twenty-eight out of the 47 hatchery fish found

to host myxosporidan species were infected with Chloromyxum

species. Chloromyxum ma'ori was observed in the cutthroat

broodstocks at Alsea and Leaburg Fish Hatcheries. Out of
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Table 11. Myxosporidans observed in rainbow and cutthroat trout
broodstocks from selected Oregon trout hatcheries.

Hatchery
Host
species

Number
examined

Number
infected Myxosporidan

Alsea cutthroat 25 13 Chloromyxum ma ori
3 Myxidium mintert,

Cole Rivers rainbow 25 6 Chloromvxum sp.
1 Hennequya sp.
4 Ovxidium minteri
1 Mvxobolus sp.

Klamath rainbow 25 8 Chloromvxum sp.

Leaburg cutthroat 25 1 Chloromvxum majori
3 Myxidium minteri

Oak Springs rainbow -25 3 Myxidium minteri,

Roaring River rainbow 25 1 Hennequya sp.
2 Myxidium minter].
1 Mvxobolus sp.

Willamette rainbow 25 2 Mvxobolus sp.
1 Mvxosoma gquamalis
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Table 12. Myxosporidans observed in wild trout collected above
selected Oregon trout hatcheries.

Location
Host
species

Number
examined

Number
infected Myxosporidan

McKenzie River rainbow 15 1 Myxobolus sp.
4 Myxobolus insidiosus

North Fork Alsea cutthroat 18 1 l':Irxidium minteri

River 7 Myxobolus sp.
1 Mvxobolus insidiosus
2 Mvxosoma squamalis

rainbow 7 2 Chloromvxum maiori
1 Myxobolus sp.
2 Mvxobolus insidiosus
2 Myxobolus kisutchi

Roaring River cutthroat 9 2 Chioromyxum maiori
Myxidium minteri1

1 Mvxobolus sp.
6 1.yxobolus insidiosus

rainbow 8' 2 Myxidium minteri
1 Myxobolus sp.
4 Myxobolus insidiosus

Rogue River rainbow 25 5 Myxobolus sp.

Salmon Creek cutthroat 21 1 Myxidium minteri
Myxobolus sp.2

7 Myxobolus insidiosus

rainbow 4 1 evxobolus sp.
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the 25 broodfish examined at each of these hatcheries, 13

were infected at Alsea Fish Hatchery, while, only one fish

from Leaburg Fish Hatchery hosted spores. Two of seven wild

rainbow trout collected from the North Fork of the Alsea

River above Alsea Fish Hatchery were also infected with C.

ma'ori; however, wild rainbow trout collected from the

McKenzie River above Leaburg Fish Hatchery were not. Two of

nine wild cutthroat trout collected from Roaring River above

Roaring River Fish Hatchery also carried C. majori spores.

Chloromyxum majori was originally observed in the kid-

ney of rainbow trout taken from Major Creek, Washington

(Yasutake and Wood 1957). All spores of C. ma'ori reported

here from Alsea and Leaburg Fish Hatchery cutthroat brood-

fish were taken from the gall bladder with a single except-

tion; one Alsea broodtrout also hosted spores in its intes-

tine (Table 13). The gall bladder was the organ of infect

infection as well in three wild fish: one rainbow trout from

the North Fork of the Alsea River and two cutthroat trout

from Roaring River. Other tissues infected with the spore

stage of C. ma'ori were the kidney of a wild rainbow trout

from the North Fork of the Alsea River and the spinal cord

of a wild cutthroat trout from Raoring River (Table 14).

Comparative meristic data of Chloromyxum sp. and

Chloromyxum majori are given in Table 15. One feature of

C. ma'ori spores which was observed frequently but not

described by Yasutake and Wood (1957) was a delicate mucus



Table 13. Loci of myxosporidan infections in Oregon hatchery rainbow and cutthroat trout
brobdstock.

Hatchery
Organ/tissue
infected Myxosporidan

Host
species

Number
examined

Number
infected

Alsea gall bladder Chloromyxum majori cutthroat 25 13
gall bladder Myxidium minteri cutthroat 25 3

intestine Chloromyxum ma'ori cutthroat 25 1

Cole Rivers cranial tissues Hennequya sp. rainbow 25 1

gall bladder Chlorumyxum sp. rainbow 24 6
gall bladder Myxidium minteri rainbow 24 4

spinal cord Myxobolus sp. rainbow 19 1

Klamath gall bladder Chloromyxum sp. rainbow 25

Leaburg gall bladder Chioromyxum maiori cutthroat 22 1

gall bladder Myxidium minteri cutthroat 22 3

Oak Springs gall bladder Myxidium minteri rainbow 25 3

Roaring River cranial tissues Hennequya sp. rainbow 25 1

cranial tissues Myxobolus sp. rainbow 25 1

gall bladder Myxidium minteri rainbow 25 2

intestine Myxidium minteri rainbow 25 1

Willamette cranial tissues Myxobolus sp. rainbow 25 2

scales Myxosoma sauamalis rainbow 25 1



Table 14. Loci of myxosporidan infections in wild trout collected'above selected
Oregon trout hatcheries.

Location
Organ/tissue
infected Myxosporidan

Host
species

Number.
examined

Number
infected

McKenzie River

North Fork Alsea
River

Roaring River

Rogue River

Salmon Creek

kidney
kidney
muscle

gall bladder
kidney
kidney
kidney
kidney
muscle
muscle
scales
spinal cord

gall bladder
gall bladder
intestine
kidney
kidney
kidney
kidney
kidney
kidney
muscle
muscle

spinal cord

kidney
kidney
kidney
kidney
muscle

Myxobolus so. rainbow
rainbow
rainbow

rainbow
rainbow
cutthroat
cutthroat

C=11)1cgat
rainbow
cutthroat
rainbow

cutthroat
rainbow
cutthroat
cutthroat
rainbow
cutthroat
rainbow
cutthroat
rainbow
cutthroat
rainbow

rainbow

cutthroat
cutthroat
rainbow
cutthroat
rainbow

15
15
15

7
7
18
18
7

18
7

18
7

8
8
9
9
8
9
8
9
8
9
8

25

21
21
4

21
21

1
2
4

1
1

1
7
1
1
2
2
2

2
1
1
1

1

1

1
1
1
6
4

5

1
2
1
2
7

Nyxobolus insidiosus
Myxobolus insidiosus

Chloromyxum ma ori
Chloromvxum malori
M minteri,Mvxidium minter
Myxobolus sp.
Mvxobolus sp.
Myxobolus insidiosus
Mvxobolus insidiosus
MYxosoma souamalis
Mvxobolus kisutchi

Chlorooyxum maiori,
Mvxidium minteri
mvxobolus insidiosus
Mvxidium minteri
Mvxidium minteri
Myxobolus sp.
Mvxobolus sp.
Mvxobolus insidiosus
Mvxobolus insidiosus
Mvxobolus insidiosus
Mvxobolus insidiosus

Mvxobolus sp.

Mvxidium minteri
Myxoholus.sp.
Myxobolus sp.
Myxobolus insidiosus
Myxobolus insidiosus



Table 15. Comparative meristic data of Chloromyxum sp. from Cole Rivers and Klamath Fish
Hatcheries, Oregon, and Chloromyxum. ma ori from Alsea and Leaburg Fish Hatcheries,

Oregon, and Major Creek, Washington.

Host
Myxosporidan species

Chloromyxum
sp.

Chloromyxum
sp.

Chloromyxum
ma'ori

Chloromyxum
ma'ori

Chloromyxum
ma'ori
(Yasutake
and Wood
1957)

rainbow
trout

rainbow
trout

cutthroat
trout

cutthroat
trout

rainbow
trout

Location

Method of
prepares-
tion

Spore diameter
(Pm)

average/range

Number of Polar capsule
spores width (pm)
measured average/range

Number
of polar
capsules
measured

Cole Rivers fresh 11.5/9.1-13.7 83 2.76/2.3-3.4 20

Fish
Hatchery

Klamath Fith fresh 12.2/10.3-13.7 82 1.5/2.3 -3.4 21

Hatchery

Alsea Fish fresh 7.3/4.6-9.1 84 1.6/1.4-2.3 34

Hatchery

Leaburg Fish fresh 7.5/6.6-9.1 13 -
Hatchery

Major Creek,
Washington

fresh --/7.0-8.0 not
given

--/3.5-4.0
(diameter

not
given

given)
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envelope which surrounds the shell valves (Figure 2B).

Photomicrographs of C. majori spores from the gall

bladder of cutthroat trout broodfish from Alsea Fish Hatch-

ery are shown in Figure 2. The four polar capsules which

characterize the genus Chloromyxum can be seen within the

shell valves in all views. Other spore characteristics are

seen in Figure 2Bg the straight suture line and the sporo-

plasm. Extruded polar filaments which measured 37 pm in

length are seen in Figure 2C. A spore which may represent

the infective stage of C. majori is shown in Figure 2D; the

spore valves are opened and the polar capsules and sporo-

plasm are seen with the spore.

The presence of C. majori in fish from Alsea and

Leaburg Fish Hatcheries, the North Fork of the Alsea River

and Roaring River bring the known locations of this myxo-

sporidan in Oregon to five (Figure 3). Chloromyxum majori

was previously observed from the kidney of steelhead trout

from Sandy River (Yasutake and Wood 1957) (Table 3).

A species of Chloromyxum unlike C. majori or C. wardi

was found in six of 25 fish from Cole Rivers Fish Hatchery

and in eight out of 25 fish from Klamath Fish Hatchery. It

was not observed in wild fish.

The gall bladder was the only affected organ in these

fish. Spores observed were similar to C. majori in morph-

ology, i.e., they were spherical, with a straight suture

line and striations which ran obliquely; however, they
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Figure 2. Photomicrographs of Chloromvxum ma'ori spores
from the gall bladder of infected Alsea Fish.
Hatchery cutthroat broodfish.

A. pc, polar capsule

B. Mm, spores of Myxidium minteri
me, mucus envelope
pc, polar capsules
s, sporoplasm
si, suture line

C. pf, polar filaments

D. pc, polar capsules
s, s, sporoplasm
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Figure 3. Known locations of the spore stage of
Chioromyxum majori in Oregon.



36

could be distinguished by their large size. The average

diameter of these spores was 11.5 pm, which is 3.5 pm larger

than the maximum diameter reported for C. ma'ori (Yasutake

and Wood 1957); the ranges in spore size did not overlap

as well (Table 15). For these reasons and that this species

does not resemble any Chloromyxum previously reported in

salmonids it was considered a separate species. Comparisons

of spore measurements of this Chloromyxum with the Chloro-

myxum species reported previously from rainbow trout from

Butte Falls Fish Hatchery (Sanders 1977), fall chinook

salmon from Trask Fish Hatchery (Sanders 1967) and coho

salmon from Sandy River Fish Hatchery (Wyatt 1972) could not

be made because spore measurements were not reported for

these myxosporidans.

Photomicrographs taken of Chloromyxum sp. from the gall

bladder of rainbow trout from Cole Rivers and Klamath Fish

Hatcheries show the structure and size of this myxosporidan

(Figure 4). Characteristics of these spores are: four polar

capsules (only two of which are seen in the spores in Figure

4A-C), the straight suture line (Figure 4B) and the stria-

tions on the shell surface (Figure 4C). A spore from the

gall bladder of rainbow trout from Klamath Fish Hatchery,

pictured in Figure 4D, was the only anomaly observed; this

spore possessed six polar capsules instead of four. It was

also slightly larger than other Chloromyxum sp. spores.

Species of Chloromyxum not identified as C. ma'ori have



37

Figure 4. Chloromyxum sp. spores from the gall bladder
of rainbow broodfish from Cole Rivers and
Klamath Fish Hatcheries.

A-C. Spores from the gall bladder of rainbow
trout from Cole Rivers Fish Hatchery.

pc, polar capsule
s, striations
sl, suture line

D. Spore from the gall bladder of rainbow
trout from Klamath Fish Hatchery.

pc, polar capsule
s, striations
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now been observed at four locations in Oregon: Butte Falls

Fish Hatchery (Sanders 1977), Trask Fish Hatchery (Sanders

1967) and Cole Rivers and Klamath Fish Hatcheries (this

study)(Figure 5).

Myxobolus

Four species of the genus Myxobolus were found in

hatchery and wild fish. Myxobolus kisutchi and M. insidio-

sus were observed only in wild fish, while two Myxobolus sp.

were seen in both groups. One Myxobolus sp. was identical

to M. insidiosus in both spore morphology and size, but

was observed in tissues other than the muscle. The other

species was similar to M. kisutchi in morphology and tissue

specificity but was larger in size.

Four out of 15 rainbow trout collected from the

McKenzie River hosted spores of M. insidiosus. Out of 18

cutthroat trout and seven rainbow trout collected from the

North Fork of the Alsea River, one cutthroat trout and two

rainbow trout were infected. From Roaring River, nine

cutthroat trout and eight rainbow trout were collected; of

these, six cutthroat trout and four rainbow trout carried

M. insidiosus. Seven of 21 cutthroat trout from Salmon

Creek were also infected with this myxosporidan.

The original description of this species specifies the

presence of cysts in the body musculature (Wyatt and Pratt

(1963). For this reason, only those spores observed in

cysts were identified as M. insidiosus, except when spores
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Figure 5. Known locations of the spore stage of
Chloromyxum sp. in Oregon.
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identical in size and morphology were noted in the kidney or

intestine as well. In these instances the spores were also

regarded as M. insidiosus since they may have been carried

from the muscle to other tissues via the circularory system.

Spores which were identical in size and morphology to M.

insidiosus but strictly observed in tissues other than the

muscle were regarded as Myxobolus sp.; however, it is

probable that this is the same species. Cysts of M. insid-

iosus observed in cutthroat and rainbow trout in this study

differed in size and shape with those reported for chinook

salmon (Wyatt and Pratt 1963). They were oval in shape and

ranged in size from 40 x 23 gm to 243 x 77 gm (Table 16).

Those reported for chinook salmon were described as being

long and narrow and averaged 674 x 79 pm.

Photomicrographs of M. insidiosus spores encysted in

the muscle of wild cutthroat trout from Salmon Creek and

Roaring River are shown in Figure 6A-C and Figure 7. Note

that in Figure 7 the cysts are encircled by capillaries.

The North Fork of the Alsea River, McKenzie River,

Roaring River and Salmon Creek are new locations for M.

insidiosus (Figure 8). It has been reported from 14 other

locations in Oregon (Table 4).

Myxobolus species identical to M. insidiosus in morph-

ology and size but dissimilar in tissue specificity was

observed in brood and wild trout. This Myxobolus sp. was
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Table 16. Cyst dimensions of Mvxobolus insidiosus
in wild trout collected above selected
Oregon trout hatcheries.

Location
Host
species

Area of cyst (pm}
Length x width

McKenzie River rainbow 46 26
46 34
86 51
86 57

North Fork Alsea River rainbow 160 63

Roaring River cutthroat 71 43
74 46
77 40
86 46
88 26

100 40
120 57
245 77

rainbow AO 23
46 29
125 29

Salmon Creek cutthroat 71 37
86 60
111 83
143 51
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Figure 6. Myxobolus insidiosus spores from the muscle
of wild cutthroat of trout from Salmon Creek
and Roaring River, and Mvxobolus sp. spore from
the kidney of wild cutthroat trout from Roaring
River.

A-B. Cyst of M. insidiosus from the muscle of
wild cutthroat trout from Salmon Creek.

C. Cyst of M. insidiosus from the muscle of
wild cutthroat trout from Roaring River.

D. Spore of Mvxobolus sp. from kidney of wild
cutthroat trout from Roaring River.

pc, polar capsule
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Figure 7. Mvxobolus insidiosus spores from the muscle of
wild cutthroat trout from Salmon Creek.
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found in one rainbow trout from Roaring River Fish Hatch-

ery and in two rainbow broodfish from Willamette Fish

Hatchery. One of nine wild cutthroat trout and one of

eight wild rainbow trout collected from Roaring River also

hosted this myxosporidan. Of the 21 wild cutthroat trout

and four wild rainbow trout collected from Salmon Creek,

seven cutthroat and one rainbow were infected. Myxobolus

sp. was also observed in one out of 15 wild rainbow trout

from the McKenzie River. Seven out of 18 wild cutthroat

trout and one of seven wild rainbow trout from the North

Fork of the Alsea River also carried spores.

The Myxobolus sp. spores found in the rainbow brood

trout from Roaring River and Willamette Fish Hatcheries

were isolated during the examination of the cranial

tissues for Myxosoma cerebralis. All spores of Myxobolus

sp. reported from wild fish were taken from the kidney.

A spore of Myxobolus sp. from the kidney of wild

cutthroat trout from Roaring River is pictured in Figure

6D. The similarity between the spore dimensions and

morphology in Myxobolus sp. and M. insidiosus (Figure 6A-C)

is seen in these photomicrographs.

As a result of this study there are now eight

locations in Oregon where Myxobolus sp. resembling M.

insidiosus have been found (Figure 9); a Myxobolus sp.

was previously reported from the musculature of cutthroat

trout from Coal Creek and Leaburg Fish Hatchery (Wyatt 1972).
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Two other species of Myxobolus were observed:

M. kisutchi and a Myxobolus sp. similar in morphology and

tissue specificity to M. kisutchi but differing in size.

Myxobolus kisutchi was found neither in the cutthroat nor

rainbow trout broodstocks examined; however, it was

observed in the spinal cord of two out of seven wild

rainbow trout from the North Fork of the Alsea River.

Pictured in Figure 10C are spores of M. kisutchi from

the spinal cord of rainbow trout from the North Fork of the

Alsea River. Myxobolus kisutchi was previously reported

from chinook salmon at McKenzie Fish Hatchery (Wyatt 1972)

(Table 5). As a result of this study there are now two

known locations of this myxosporidan in Oregon (Figure 11).

A Myxobolus sp. similar in morphology and tissue

specificity to M. kisutchi was found in one of the 25

rainbow broodtrout examined from Cole Rivers Fish Hatchery.

Five of 25 wild rainbow trout collected from the Rogue

River above Cole Rivers Fish Hatchery were also infected

with this myxosporidan. These spores were all observed in

the spinal cord of infected fish as is M. kisutchi, however,

they averaged 3 pm larger than the spores of M. kisutchi

reported by Yasutake and Wood (1957), Wyatt (1978) and

those that were observed in rainbow trout from the North

Fork of the Alsea River (this study); also, the range in

size did not overlap with M. kisutchi (Table 17).

Photomicrographs of these spores from the spinal cord
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Figure 10. Spores of Myxobolus sp. from wild rainbow trout
from Rogue River, Myxobolus kisutchi from wild
rainbow trout from North Fork Alsea River, and
Myxosoma sauamalis from wild cutthroat from
North Fork Alsea River.

A-B. Myxobolus sp. from the spinal cord of
wild rainbow trout from the Rogue River.

pc, polar capsule

C. M. kisutchi from the spinal cord of wild
rainbow trout from the North Fork Alsea
River.

pc, polar capsule

D. Myxosoma sauamalis from the scales of
wild cutthroat from the North Fork Alsea
River.
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Table 17. Comparative meristic
Rogue River,
Fish Hatchery,

data of
and 1yxobolus kisutchi

Myxobolus sp. from Cole Rivers Fish Hatchery and the
the North Fork of the Alsea River, McKenziefrom

and Minter Creek, Washington.

Myxosporidan
Host
species Location

Method of
prepara-
tion

Spore
length (mm)
avg/range

Spore
width (/um)
avg/range

Number
of
spores
measured

Polar Polar
capsule capsule
length (Um ) width (lrr)
avg/range avg/range

Myxobolus sp. rainbow
trout

Cole Rivers
Hatchery

fresh 11.2/-- 10.5/-- 1 6.0/-- 3.8/ --

Myxobulus sp, rainbow Rogue River fresh 11.2/10.3- 10.7/10.3- 14 5.2/4.6- 3.6/3.4-
trout 11.4 11.4 6.3 4.6

Myxobolus rainbow North Fork fresh 8.6/8-9.1 7.6/6.6- 12 4.5/2.9- 1.6/1.1-

kisutchi trout Alsea River 8.6. 5.7 2.3

Mvobolus spring McKenzie fixed 8.2/7.4- 6.9/6.1- 100 4.7/4.2- 2.4/2.3-
kisutchi chinook

salmon
Fish Hatchery 9.7 7.3 5.1 2.7

(Wyatt 1978)

Myxobolus coho
salmon

Minter Creek,
Washington

fixed - -/7.0-
8.5

- -/6.5 -
7.0

not
given

- -/3.8-
5.5kisutchi

(Yasutake
and Wood
1957)
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of wild rainbow trout from the Rogue River (Figure 10A-B)

show the size difference between this species and M.

kisutchi (Figure 10C). Other than M. kisutchi, myxospori-

dans of the genus Myxobolus from the spinal cord of

salmonids have not been reported in Oregon; Cole Rivers

Fish Hatchery and the Rogue River are the only known

locations of this species (Figure 12).

Henneguya

A species of the genus Henneguya was observed in

hatchery broodstocks in Oregon; one of 25 rainbow trout

broodfish from Cole Rivers Fish Hatchery and one of 25 rainbow

rainbow trout from Roaring River Fish Hatchery were infect-

ed. Henneguya sp. were not found in wild fish. These

spores were observed during the examination of the brood-

fish cranial tissues for M. cerebralis. Henneguya sp. were

previously reported from rainbow trout at Brian Trout Farm

(Olson 1977) and from chinook salmon at Dexter and Pelton

Dams (Sanders 1967). With the observance of Henneguya sp.

at Cole Rivers and Roaring River Fish Hatcheries there are

now five locations in Oregon where Henneguya sp. are known

to exist (Figure 13).

Myxidium

Another myxosporidan observed in Oregon brood and

wild trout was Myxidium minteri. The spore stage of M.

minteri was found in three of 25 cutthroat broodfish at
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both Alsea and Leaburg Fish Hatcheries. In the rainbow

broodstocks: four fish from Cole Rivers Fish Hatchery,

three from Oak Springs Fish Hatchery and two from Roaring

River Fish Hatchery hosted M. minteri spores. One infected

fish was observed out of the 18 wild cutthroat trout exam-

ined from the North Fork of the Alsea River above Alsea

Fish Hatchery. One of nine wild cutthroat trout and two of

eight wild rainbow trout collected from Roaring River and

one wild cutthroat trout out of 21 from Salmon Creek also

carried M. minteri.

The kidney and gall bladder were the primary tissues

of infection of M. minteri. All spores from Alsea, Cole

Rivers, Leaburg, Oak Springs and Roaring River Fish Hatch-

ery broodstocks were observed in the gall bladder with one

exception; spores were found in the intestine of one

rainbow trout from Roaring River Fish Hatchery which also

carried spores in the gall bladder. Of the five wild fish

which hosted M. minteri, the gall bladder was the loci of

infection in one, a rainbow trout from Roaring River. The

other four infected fish carried spores in the kidney.

A heavy infection of M. minteri spores in the gall

bladder of Oak Springs Fish Hatchery rainbow broodtrout

is pictured in Figure 14. Polar capsules, which lie at

each pole of the spore instead of at the anterior end as

in the other genera seen in this study are visible in all

views. A coiled polar filament within the polar capsules
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Figure 14. Myxidium minteri spores from the gall bladder
of brood rainbow trout from Oak Springs Fish
Hatchery.

A-D. EV, end view
s, striations
pc, polar capsule
cf, coiled filament
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is seen in Figure 13 C. Striations which run lengthwise of

the shell valve are seen in an end view of a spore in Figure

13B and also in side view in Figure 13D.

Myxidium minteri was previously observed at Alsea and

Roaring River Fish Hatcheries, however, Cole Rivers, Leaburg

and Oak Springs Fish Hatcheries and the North Fork of the

Alsea River, Roaring River and Salmon Creek are new locations

of this myxosporidan (Figure 15). Other known locations of

M. minteri are Daniel and Morgan Creek, the Cedar, Coos,

Lostine, Sandy and Trask Rivers (Yasutake and Wood 1957) and

Bandon, Big Creek, Bonneville, Eagle Creek, Klaskanine,

Nehalem, Sandy, Siletz and Trask Fish Hatcheries (Sanders

1967)(Table 7).

Myxosoma

Myxosoma squamalis was the only species of the genus

Myxosoma observed in hatchery and wild fish. A rainbow

broodfish from Willamette Fish Hatchery and two of 18 wild

cutthroat trout from the North Fork of the Alsea River

hosted these spores. This myxosporidan was observed among

scales and mucus in skin scrapings from infected fish. The

spore stage of M. squamalis is seen in Figure 10D.

Willamette Fish Hatchery and the North Fork of the

Alsea are new locations of this myxosporidan in Oregon

(Figure 16). Myxosoma squamalis was previously reported in

Oregon from rainbow trout at Siletz Fish Hatchery (Sanders
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1967), Brian Trout Farm (Olson 1977) and from coho salmon

at Big Creek, Nehalem and Salmon River Fish Hatcheries

(Holt 1978).

Multiple myxosporidan infections in hatchery and wild trout

Only three out of the 175 broodfish examined hosted

more than one myxosporidan, while seven multiple infections

were noted in the 107 wild fish (Table 18). Two rainbow

trout from Alsea Fish Hatchery were infected with M. minteri

and C. majori; both of these myxosporidans were observed in

the gall bladder (Figure 2B). One rainbow trout from Cole

Rivers Fish Hatchery was infected with Chloromyxum sp.

(gall bladder) and Myxobolus sp. (spinal cord). A cutthroat

trout from the North Fork of the Alsea River hosted both

M. squamalis and Myxobolus sp. (kidney). Myxobolus

insidiosus, C. majori (gall bladder) and M. kisutchi were

observed in a rainbow trout from the North Fork of the

Alsea River. Two cutthroat trout, one from Salmon Creek

and the other from Roaring River carried both M. insidiosus

and M. minteri (kidney). Two other cutthroat trout from

Roaring River were also infected with more than one

myxosporidan: one hosted Myxobolus sp. (kidney), C. majori

(gall bladder) and C. ma'ori (spinal cord) and the other

Myxobolus sp. (kidney) and C. majori (gall bladder).

Myxobolus insidiosus and M. minteri (gall bladder) were

both observed in a rainbow trout also from Roaring River.



Table 18. Multiple myxosporidan infections observed in Oregon hatchery and wild trout.

Location
Host
species

Number
examined

Number
infected Myxosporidan

Loci of
infection

Hatchery

cutthroat 25 2 Chloromyxum maiori
NYxidiumminteri

gall bladder
gall bladderAlsea.

Cole Rivers rainbow 25 1 Chloromyxum sp. gall bladder
spinal cordMyxobolus sp.

Wild

cutthroat 18 3. Myxobolus sp. kidney
scales

North Fork Alsea
River Myxosoma sauamalis

rainbow 7 1 Chioromyxum majori gall bladder
muscle
spinal cord

Myxobolus insidiosus
Myxobolus kisutchi

Roaring River cutthroat 9 1 Myxidium minteri kidney
muscleMyxobulus insidiosus

1 Chloromyxum majori gall bladder
kidneyMyxobolus sp.

1 Chloromyxum ma ori gall bladder
spinal cord
kidney

Chioromyxum ma ori
Myxobolus sp.

rainbow 8 1 Myxidium minteri gall bladder
muscleMyxobolus insidiosus

Salmon Creek cutthroat 21 1 Myxidium minteri kidney
muscleMYxobolus insidiosus
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DISCUSSION

Results of this study show that hatchery and wild

trout having no gross external or internal pathology may

host myxosporidans. Even within river systems there were

differences between theoccurrence of species and loci of

infection in hatchery and wild fish. All hatchery brood-

stocks could be considered host of myxosporidans observed in

wild fish upstream, yet in many instance species which were

seen in wild fish were not observed in the broodstocks.

This difference may be due to changes in the loci of

infection which may occur during maturation of the host.

Out of the 47 infected broodfish, 41 hosted coelozoic

species, while in contrast all wild fish hosted at least one

histozoic form.. It is possible that the gall bladder serves

as a carrier organ in adults and that broodfish may be

resistant to infection by histozoic species, such as M.

insidiosus. Wyatt (1972) observed M. insidiosus in the

musculature of returning spring chinook salmon released from

McKenzie Fish Hatchery. Whether this represents a persist-

ent infection or a re-infection upon entering freshwater is

not known. Humoral responses have not been demonstrated

against any myxosporidans. Wild fish which were not

_hosts to myxosporidans observed in broodfish downstream

may have been infected but the myxosporidans were not

detected or the occurrence of the infective stage may have
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been below the site of collection.

A difference was also noted in the incidence of

infection in hatchery and wild fish; the incidence being

higher in the wild trout. Wyatt (1972) compared the

incidence of M. insidiosus infections in spring chinook

fingerlings reared from eggs in concrete raceways at

Leaburg Fish Hatchery and in dirt bottom ponds at (old)

McKenzie Fish Hatchery both located on the McKenzie

River. He found that rearing fish in concrete ponds

reduced the incidence and severity of infection from 100%

to 10-12%. Results of transmission experiments on M.

cerebralis show that spores aged in the presence of mud

for three and a half to six months became infective while

non-aged spores were not (Hoffman and Putz 1969;

Hoffman and Putz 1971) These data suggest that mud bottom

rearing conditions are conducive to the life cycle of

myxosporidans which would consequently influence the

incidence of infection.

Myxosporidans should not be present in spring fed

water supplies yet they were observed in broodfish from

Klamath and Oak Springs Fish Hatcheries. Iversen (1954)

reported M. squamalis in rainbow trout from a trout farm

near Olympia, Washington that used spring water. He

suggests that the spores were introduced by placing

infected fish in the facility.
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Spores of a Myxobolus sp. similar to M. insidiosus

were present in both hatchery and wild trout. Since the

spores of wild fish were identical to M. insidiosus in

morphology and size and were noted at the same locations as

M. insidiosus it is probable that this species is the same

species. Since all spores of Myxobolus sp. from wild fish

were found in the kidney it is possible that the cysts were

not observed and that the spores were carried to the kidney

via the circulatory system. Wyatt (1972) also observed a

Myxobolus sp. in cutthroat trout, however, he considered

the two species separate based on differences in spore size

and location of cysts. He found cysts of Myxobolus sp. in

cutthroat trout were in the center of muscle fiber bundles

as were M. insidiosus in spring chinook salmon, but in

addition, they were found in the intermuscular connective

tissue.

The meristic data used to compare the two species was

not that presented by Wyatt and Pratt (1963) for fixed

spores of M. insidiosus. Instead Wyatt used meristic data

from spores observed in fish from a 1967 study. By using

these data there was a difference in spore sizes: 14.6 gm

(13.3-16.9,am) in length for M. insidiosus against 12.4 gm

(11.7-13.3 pm) for Myxobolus sp. and 9.4 gm (8.5-9.9 um) in

width for M. insidiosus as opposed to 7.4 gm (7.3-8.4)m)

for Myxobolus sp. Using these data it appears that the

spores of Myxobolus sp. were smaller than M. insidiosus.
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However, when the spore dimensions for fixed spores of M.

insidiosus from the original description of the species are

compared to the spore of Myxobolus sp., they are almost

identical in size: 13.2 pm (12.2-14.7 pm) in length for M.

insidiosus and 12.5 pm (11.7-13.3 lam) for Myxobolus sp. and

7.6 pm (7-9 pm) in width for M. insidiosus as opposed to

7.4 lain (7.3-8.4 pm) for Myxobolus sp. Using the original

description for M. insidiosus the two species are similar in

Size as well as morphology and tissue specificity. It is

possible that this Myxobolus sp. is M. insidiosus as well.

The only distinction being the shape of the cysts which were

oval to long and narrow and the additional observance of

cysts in intermuscular connective tissue. The difference

in cyst shape possibly resulting from biological differences

between the host species. The cysts of M. insidiosus

observed in wild cutthroat and rainbow trout in this study

were oval in shape and much smaller in size than those

reported for M. insidiosus. The cyst reported for

Myxobolus sp. (Wyatt 1972) was also smaller than those

reported for M. insidiosus.

The Myxobolussp. which was similar to M. kisutchi

was observed only in rainbow trout at Cole Rivers Fish

Hatchery and the Rogue River. This may indicate that the

infective stage of this organism may be limited to the

Rogue River system. There was a size difference within the

group of fish examined from the Rogue River. Ten of the 25
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fish collected averaged 20 cm in total length and ranged

from 15-26 cm total length. The remaining fish averaged

32 cm and ranged from 30-35 cm. Th five fish found to

host Myxobolus sp. were among the smaller sized fish. This

difference in susceptibility between sizes suggests that

the fish may have,come from different areas and were not

reared under similar conditions.

Many biotic and abiotic factors such as temperature,

season, host size and susceptibility, intermediate hosts

and other vectors may influence the biology and distribu-

tion of myxosporidans. Since little is known about the

biology and life cycles of myxosporidans, management prac-

tices aimed at reducing the spread of these organisms should

be encouraged. Based on the results of this study several

recommendations can be made for the future management of

Oregon hatchery and wild fish:

1) Movements of salmonid species from an area where fish

are known to be infected with certain myxosporidans

should be avoided.

2) Since a difference in tissue specificity was noted

between hatchery and wild fish, all tissues and organs

which are known to host myxosporidans should be

examined. Failure to find myxosporidans in fish should

not be considered conclusive that the organisms are not

present in the watershed.

3) Fish from private aquaculture facilities should also be
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examined. Aquaculturists fould be aware of the

possibilities of receiving or transferring infected fish.

4) Since the incidence of infection was lower in brood-

stocks held in concrete raceways all hatchery rearing

ponds should be cement lined and kept clean.

5) All broodstocks should be considered as hosts and

potential carriers of myxosporidans. The water

supplies for juveniles and broodfish should be kept

separate.

6) This study demonstrated that several previously

unreported species could serve as hosts for myxospor-

idans.

7) Efforts should be made to survey more populations of

wild trout in the state and to examine juvenile hatchery

fish prior to release to learn more about the distri-

bution of myxosporidans.

Since laboratory transmission experiments have been

inconclusive, additional surveys should be conducted to

provide information about the biology, life cycles and

modes of transmission of myxosporidans.
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SUMMARY AND CONCLUSIONS

1) Nine species of myxosporidans were observed in

hatchery and wild trout: Chloromyxum ma'ori, Chloro-

myxum sp., Hennequya sp., Myxidium minteri, Myxobolus

insidiosus, Myxobolus kisutchi, two species of Myxobolus

and Myxosoma squamalis.

2) Chloromyxum ma'ori was reported at Alsea and Leaburg

Fish Hatcheries and the North Fork of the Alsea and

Roaring River.

3) Chloromyxum sp. was observed from fish at Cole Rivers

and Klamath Fish Hatchery.

4) Broodfish from Cole Rivers and Roaring River Fish

Hatcheries hosted Hennequya sp.

Myxidium minteri was found at Alsea, Leaburg, Oak Springs,

and Roaring River Fish Hatcheries and in the Nbrth

Fork of the Alsea River, Roaring River and Salmon

Creek.

6) Myxobolus insidiosus was observed in wild fish from

the McKenzie River, the North Fork of the Alsea River,

Roaring River and Salmon Creek.

7) A Myxobolus sp. similar to Myxobolus insidiosus in

morphology and size was observed in fish from Roaring

River and Willamette Fish Hathceries and from McKenzie

River, the North Fork of the Alsea, Roaring River and

Salmon Creek.
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8) Myxobolus kisutchi was noted at only one location,

the North Fork of the Alsea River.

9) A Myxobolus sp. resembling Myxobolus kisutchi in

morphology and tissue specificity was observed at

Cole Rivers Fish Hatthery and the Rogue River.

10) Myxosoma squamalis was observed in broodfish from

Willamette Fish Hatchery and the North Fork of the

Alsea River.

11) Forty-one of the 47 infected broodfish hosted

coelozoic myxosporidans; seven fish were infected with

histozoic species.

12) All 48 infected wild fish hosted at least one histozoic

form. Only four fish carried coelozoic species.

13) Only three out of the 175 broodfish hosted more than

one myxosporidan, while seven multiple infections

were noted in the 107 wild fish examined. Of the nine

species observed in this study only one Hennequya sp.

was not observed at least once in fish that hosted

other myxosporidans.

14) Management recommendations for hatchery and wild fish

are given.
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