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Biological studies were conducted on a histozoic myxosporidan

Myxobolus insidiosus (Wyatt and Pratt, 1963) from the musculature of

Oncorhynchus tshawytscha (Walbaum). This organism is known to

occur in spring chinook salmon in Oregon and coho salmon 0. kisutch

(Walbaum) in Washington. In addition Myxobolus kisutchi (Yasutake

and Wood, 1957) was found in cysts in the brain of a new host, the

spring chinook salmon. Sa lmo clarki clarki (Richardson) was found

to be parasitized by a Myxobolus sp. The spore morphology and the

location of some cysts in the connective tissue of the striated muscle

differ from that of M. insidiosus.

Transmission studies on Myxobolus insidiosus in disease free

water supplies provided only negative data. Infected tissue from

juvenile and adult fish fed to susceptible juvenile salmon failed to

produce disease. Contact of non-infected juvenile fish with infected



juvenile salmon also failed to produce disease. Uninfected, juvenile

fish, continuously exposed to spore-seeded mud for 210 days failed

to develop the infection. Mud from an infective area in running spring

water was not infective to susceptible fish.

Fish placed in rearing ponds receiving water in which fish

previously had developed the infection became diseased. Experiments

with fish infected in this way provided positive data. The time between

exposure to infective water and finding of patent disease was between

76 and 83 days. The disease becomes patent when the average daily

water temperature is near 8.4oC. Fish exposed to infective water for

a period of eight to 22 days became infected. If the exposure was in

February and March, increases in exposure time raised the percent

of infection, but similar periods of exposure in May resulted in a

reduced incidence of the disease. Data indicate that the McKenzie

River water is probably not continuously infective. Placement of

fish with the prepatent disease in warmer water caused the disease

to become patent and accelerated the time to spore formation. Sus-

ceptibility was not dependent on age or size of fish. Spores were

found in adult fish that had returned to spawn after four years at sea.

Transmission of the disease on or in the egg does not appear to take

place. There was a 12.5 percent disease incidence in fish reared in

concrete raceway ponds. Fish from dirt rearing ponds which were in

series had a 100 percent incidence at the time of liberation. Water



turnover rate is important in the epidemiology of the disease.

Calcium hydroxide at 0.12 and 0. 25 percent caused apparent

degeneration of the spores when tested in mud after 216 hours of

exposure. Spores in mud with water flowing near them may remain

morphologically intact up to 298 days.

The nitrofuran drug, Furanace, was ineffective against tropho-

zoites of Chloromyxym sp. and vegetative stages of Myxobolus

insidiosus.

A diagnosis of Myxobolus insidiosus in juvenile and adult coho

salmon in the Lewis River in Washington was confirmed.

Autoinfection of juvenile spring chinook with M. insidiosus could

not be confirmed. Comp4ct nodular areas made up of fibroblasts and

mesenchymal-like cells were found in areas of striated muscle where

spore-bearing cysts once occurred.
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A BIOLOGICAL AND TAXONOMIC STUDY OF
SELECTED MYXOSPORIDA OF SOME

OREGON FRESH-WATER FISHES

INTRODUCTION

Myxobolus insidiosus (Wyatt and Pratt, 1963) (Figures 1, 2,

3, 4 and 5) is a protozoan parasite of the striated musculature of

juvenile and adult spring chinook salmon Oncorhynchus

(Walbaum) in Oregon and coho salmon 0. kisutch (Walbaum) in

Washington (Wood, 1961 and 1968b, personal communication, 1968a).

The infective stage in Oregon has been found only in the McKenzie

River system.

The biology of histozoic myxosporida is not well understood.

In particular the mode of transmission, the infective stage, ecolog-

ical requirements and other details regarding that portion of the life

cycle outside of the host are very incompletely known. At the time

that this research was begun in 1966 no study including experimental

transmission of histozoic forms had been published. Numerous in-

vestigators in the last few years have studied members of the order

Myxosporida using the electron microscope. Among them Lom and

Vrra (1965) and Lom (1969a) have noted the similarity between the

multicellularity of the vegetative stages of myxosporida and the

lower metazoa. They also mention the similarities between the

morphogenesis of coelenterate nematocysts and the polar capsule
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of the myxosporidan spore. Levine (1970) has reflected the changing

concept of this group by proposing the former class Sporozoa be

divided ii.to three subphyla with the order Myxosporida included in

the suphylum Myxospora. Whether the Myxosporida are truly Proto-

zoa still remains to be resolved.

Myxobolus insidiosus has been found in all juvenile spring

chinook salmon examined at the time of release at the Fish Com-

mission of Oregon (F. C.O. ) salmon hatchery on the McKenzie

River. This organism was chosen for studies so that it might shed

some light on those unanswered questions regarding the life cycle of

myxosporida in general and secondly, to provide information regard-

ing this parasite that might be used either to eliminate or manage

the disease produced by this organism at this hatchery.

During the course of the investigations a search was made

for other hosts that might provide a reservoir of infection for this

parasite. Incidental to this search, previously undescribed myxo-

sporida were found in other Oregon fresh-water fishes. A descrip-

tion of some of these new forms will make up the second portion of

this thesis.
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MATERIAL AND METHODS

General Methods

Tissues to be sectioned were usually fixed in Bouin's fixative

sometimes in ten percent neutral buffered formalin, washed and de-

hydrated in dioxane, cleared in xylene and embedded in paraffin.

Ten-miCron sections were cut, then stained with Heidenhain's

iron hematoxylin and eosin. Smear preparations were prepared on

coverslips, fixed in Schaudinn's fluid and stained as above or with

Giemsa. Air dried smears of infected tissue were stained with

Ziehl-Neelson's carbol fuchsin and L6ffler's methylene blue. The

iodinophilous vacuole was demonstrated using fresh spores exposed

to Lugol's iodine. Polar filaments were extruded with NaOH. Meas-

urements of spores, cysts or vegetative stages were made with an

ocular micrometer. In the taxonomic section, at least 50 spores

were measured for each biometric entry. Photomicrographs were

taken with a 35 mm Pentax H-1 camera mounted on a Tiyoda or Leitz

microscope. Drawings of spores were made with the aid of a Leitz

drawing lens. All measurements of spores are given in microns.
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Specific Methods

Transmission Experiments -- Disease Free Water Supplies

Feeding of Non-Aged Spores and Contact Exposure. Fish were

maintained in four 889.5 liter, 1.2 meter circular plastic tanks with

appropriate inlet and effluent lines. The water at 12.3° C. came

from a well. The effluent was treated with chlorine and passed

through a two-chambered concrete septic tank before it was allowed

to flow into a small stream leading to the Willamette River. The

experimental fish used were 1965 brood, spring chinook fingerlings,

averaging 30 fish per 454 grams, from the 0. F. C. McKenzie River

Hatchery in Lane County. Somatic musculature of these fish had

been previously examined to verify the presence of spores of M.

insidiosus. Non-infected spring chinook fingerlings, averaging 40

fish per 454 grams, were obtained from the 0. F. C. Marion Forks

Hatchery in Linn County. Non-infected trout, Sa lmo gairdnerii

(Richardson), were obtained from the Oregon Game Commission

(0.G. C.) Leaburg Hatchery in Lane County. Muscle tissue of these

fish was checked for spores and trophozoites by serial section.

Spring chinook from Marion Forks Hatchery and trout from the

Leaburg Hatchery were anesthetized with 1:17000 MS-222 (Tricaine

Methane Sulfonate) and marked, right ventral and right pectoral
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respectively, for subsequent identification. Table 1 summarizes

the experimental design. Fish in Tanks A and D, contact experi-

ment and control fish respectively, were fed exclusively with the

Oregon Moist Pellet (0. M. P. ) which contains no unpasteurized

salmon products. Fish in Tank B were fed small bits of tissue from

freshly killed heavily infected 1965 brood, spring chinook fingerlings

from the McKenzie River Hatchery, They were fed infected tissue

on day 1, 3, 5, 7, 10, 15, 16, 19, 22, 25, 27 and 33 of the experi-

ment. On other days they were fed the Oregon Moist Pellet on de-

mand.

Into Tank C was placed adult spring chinook salmon tissue

(about 5.5 kilograms), heavily infected with M. insidiosus, veri-

fied by microscopic examination. This fish was obtained from the

O.F. C. Dexter Holding Pond in Lane County. Trout and chinook

fingerlings actively fed on this tissue, and by the 24th day all that

remained was the skin. On the 25th day, another infected fish was

placed in this tank, and the 0. M. P. was fed daily to supplement the

food supply. On the 51st day of the experiment an accidental failure

of the water supply to the tanks resulted in the loss of a part of the

fish on experiment, see Table 1. Tissue samples from the body

musculature of dead marked fish were fixed in ten percent buffered

formalin and later examined with phase optics for the presence of

the parasite. This was a preliminary experiment, so it was decided



Table 1. Experimental Design Fairplay Laboratory Transmission Experiments

Source of Fish
Hatchery

Fish
Species and Mark

Tank A
Contact

Infection

Al A2

Tank B
Fed Infected

Juvenile Tissue

61 B2

Tank C
Fed Infected
Adult Tissue

cl C2

Tank D
Fed 0. M. P.

Control

D1 D
2

McKenzie River Infected Spring 160 11 0 0 0 0 0 0

Chinook Fingerlings

Leaburg Non-infected 40 0 40 40 40 2 40 40
Rainbow Trout
Fingerlings RP

Marion Forks Non-infected 30 18 30 30 30 17 30 30
Spring Chinook
Fingerlings RV

1 Numbers of fish initially placed in tanks.

2Number remaining following fish kill due to power shut of f on day 51 of experiment.

C,



7

to continue with the fish that had not died. On the 106th day the re-

maining fish were killed, portions of the body musculature were

fixed in Bouin's fixative, sectioned and examined for the presence

of trophozoites or spores.

The Effect of Aging on Spore Infectivity. Spring water supplies

the F. C.0 Clackamas laboratory experimental facility. It is pro-

tected from debris and other contamination by a shed. No fish nor

fish pathogems are endemic to the system. The temperature of the

water supply is 12. 3C. The experimental fish were kept in glass

walled stainless steel framed aquaria, measuring 81.3 X 35.6 x 38.1

cm. Each aquarium was divided into two-halves by glass of the ap-

propriate size which was bonded to the bottom and side walls with

Silicone Seal (General Electric, Silicone Products Dept., Waterford,

New York). Each half of the aquarium had a volume of 0.037 m3.

Mud from a spore free source was obtained at the Soap Creek ponds

near Corvallis, Oregon, which are used by Oregon State University,

Department of Fisheries and Wildlife, for studies on warm water

fishes. Salmonid fishes had never been in these ponds. A rich

invertebrate fauna along with accumulated organic detritus was

found in this mud. The mud was transported to the Clackamas

laboratory in 18.9 liter buckets, the interior of which had been

painted with non-toxic paint. Six and four-tenths to 7.5 centimeters

of mud were placed in each of the 20 aquarium compartments (Figures
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6 and 7). Heavily infected 1967 brood, McKenzie River spring

chinook fingerlings were killed, eviscerated and filleted. This tis-

ue was cut into cubes 25 mm or larger in size. Tissue from three

fish averaging about 140 mm in length, was placed in mud in the

bottom of each aquarium except the control compartments. Thirty

1968 brood, spring chinook fry or fingerlings from the O.F.C. Marion

Forks Hatchery were placed in each lot. Table 2 summarizes the

experimental design. Fish size differed at successively later place-

ments into the experimental design; however, the smallest fish avail-

able at Marion Forks Hatchery were always used. Lot One, A and B,

served as the control with mud but no spores available to the fish.

Six fish (one each from Lot Two, A and B; Lot Three, A and B; and

Lot Four, A and B) were removed at 30 day intervals. These fish

were fixed in Bouin's fixative and sectioned. This was put into the

design to ascertain the length of time that spores had to be aged be-

fore becoming infective, if an infection was in fact established. At

day 210 and 429, six fish from each lot were fixed and sectioned.

Infectivity of McKenzie River Hatchery Pond Mud. The

F. C.O. McKenzie River Hatchery utilizes dirt rearing ponds in

series for production fish. The water supply for this station

is from the Eugene Water and Electric Board Canal, which is

diverted from the mainstream of the McKenzie River at Leaburg,



Table 2. Experimental Design Spore Aging Experiment

Lot
Number

Lot Lot Number of Days After
Seeding With Spores
Before Fish Were
Placed in This Lot

Number of Days After
Exposure to Mud Before
Fish Were Killed to
Assay for Infection

Total Number of
Days Fish Were
Exposed to Mud
v iLli Spores1

12 A B 0 210-429 0

2 A B 0 30-60-90-120-150- 224
180-210-240-429

3 A B 0 As above 224

4 A B 0 As above 224

5 A B 60 210-429 164

6 A B 90 210-429 134

7 A B 1 20 210-429 104

8 A B 150 210-429 74

9 A B 180 210-429 44

10 A B 2 10 210-429 14

1
On day 224
required for

2
Control lots,

of the experiment fish were anesthetized with 1: 17, 000 MS-222 (Tricaine Methane Sulfonate) and fin marked. The aquaria were
other experiments. Lots were then consolidated into larger troughs without mud until termination of the experiment on day 429.

no spores placed in mud.
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Oregon (by Leaburg Dam), in Lane County. Mud samples from the

hatchery ponds were transported to the Clackamas laboratory in

18.9 liter buckets on April 7, 1969. About 8.8 centimeters of mud

was placed in the bottom of a fiberglass trough, 121.9X 38.1 X 38.1

cm. (Figure 8). One-hundred 1967 brood, spring chinook fingerlings

from the Marion Forks Hatchery, averaging 915 fish per 454 grams,

were placed in this trough. A rich invertebrate fauna including

snails, tubifex worms and numerous other microscopic inverte-

brates were found in the mud. For the first month the fish were

in the trough, they were fed only once per week with 0. M. P. so

that they would be forced to forage on the organisms present. After

126 days, a sample of ten fish were taken from the trough, fixed and

sectioned. The same procedure was followed at the end of 190 days.

Transmission Experiments - -Fish
Exposed to McKenzie River Water

Timing of Infection -- McKenzie River Hatchery, 1966-67 Brood

Production Fish. Spring chinook fingerlings of the 1966 and 1967

broods for rearing at the McKenzie River Hatchery were from eggs

taken at the F. C.O. Dexter Holding Pond in late September, 1966

and 1967, respectively. The eggs were incubated and hatched at

the McKenzie River Hatchery. Fish were placed in the dirt rearing

ponds on February 18, 1967 (1966 brood) and February 15, 1968
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(1967 brood). Ten fish were removed from the rearing ponds

about every 30 days, fixed, sectioned and examined microscopically

for presence of the parasite until May, 1967; then similar samples

were taken every two weeks (1966 brood). The 1967 brood samples

were taken about once weekly during the month of May, 1968.

Ultraviolet Light Studies--McKenzie River Hatchery 1967-68.

The water supply for the F. C. 0. McKenzie River Hatchery as

previously discussed arises from the Eugene Water and Electric

Board Canal. A 50.8 cm concrete pipe about 76.2 cm from the

bottom of the canal leads to a concrete intake structure. An under-

ground pipe line through the canal bank takes water to a valved con-

trol box. Water leaves this box in two ways: (first) by a pipe line

that runs to the screening box on the hatchery grounds and (second) by

a ditch which supplies water directly to the rearing ponds. Water

leaves the screening box and flows underground via a 15.2 cm diame-

ter line, about 183 meters to the hatching house where eggs are incu-

bated. This line enters the hatching house, turns upward and enters a

headbox, which distributes water to Heath egg incubators (Figures 9,

10, 11, 12, 13, 14, 15 and 16). Two 1.83 meter circular tanks were

installed in the hatching house for this experiment. Water for the

first came directly from the headbox while water for the second,
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passed through a model PVC-2 ultraviolet sterilizer (Steroline Sys-

tems Corporation, Santa Fe Springs, California). This water flows

through two, 1. 27 cm thick annular chambers, each about 73.7 cm

in length. Two 40 watt (number G 36 T 6L) Westinghouse ultraviolet

lamps enclosed in quartz sleeves are centered in two chambers

(Figure 17). Each lamp has a rated U. V. output of 20, 000 to 22, 000

microwatts per cm 2 at the bulb surface. The manufacturer suggests

that this unit will reduce by 99 percent the number of bacteria (spe-

cies not given) in distilled water at a flow rate of 25 gallons per min-

ute (g.p.m. ). Westinghouse indicated that the lamps will not decline

more than 30 percent in efficiency during 7,500 hours of continuous

operation. If one assumes, (1) that the rated U. V. output at the

bulb surface was 20, 000 microwatts per cm 2, (2) that the bulbs

were 90 percent efficient, (3) that ten percent of the U. V. energy

was absorbed by interfering substances in the water layer, (4) that

there was a constant eight g.p.m. flow through the unit (this was the

measured rate of inflow) with a known volume of water in the chamber

at 2100 cc, the following calculations can be made:

Eight g.p.m. equals 504. 66 cc per second, thus the water

replacement time (exposure time) for the 2100 cc of

water in the chamber was 4.2 seconds. Subtraction

of the ten percent for bulb efficiency and the ten per-

cent for absorbance by interference leaves an
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estimated U. V. intensity of 16,200 microwatts per

cm2. Multiplying the microwatts per cm
2 times the

exposure time provides a dosage figure of 68, 040

microwatt second per cm2.

The only time that the sterilizer was known to be inoperable

while water was flowing through it was during a six minute power

outage on December 17, 1967. The experimental animals were in

the eyed egg stage at that time. On December 12, 1967, eyed spring

chinook eggs were transported from the F. C.O. Marion Forks

Hatchery, divided into two groups and placed in Heath incubators

at McKenzie Hatchery. One group was supplied with water from

the U. V. unit and the other with untreated water. When the yolk

sacs of the fry were absorbed, the water supplies were switched

to the respective 1.83 meter circular tanks and 1, 000 fish were

placed in each. Both groups were fed the 0. M. P. diet throughout

the study. Comparison of the incidence of infection in the treated

and untreated water groups was done by serial section of striated

musculature.

Disease Incidence in Fish Reared in Dirt Ponds and in 1.83

Meter Steel Circular Tanks. Percentage of infection of fish reared

in the dirt hatchery ponds on a production basis were compared with

those reared in water without ultraviolet light treatment in a 1.83
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meter circular tank. Serial sections of samples of each group

were examined.

Incidence of Infection Relative to Exposure Time in Dirt

Hatchery Ponds. Sixty fish in water exposed to the U. V. lamp were

fin marked at intervals from 11 to 21 days. Thirty marked fish were

placed in the 1.83 m circular tank receiving untreated water from the

headbox in the hatching house. The other 30 marked fish were

placed into a 1.83 X 0.91 X 0.91 meter live car which had been

placed in a dirt rearing pond. After 1 78 days, fish of the different

groups were separated, killed and striated musculature fixed for

sectioning. In some cases fin regeneration had been so great that

only a few fish could be positively identified as being from a given

group. These groups are noted in the results section. Marked fish

placed in the circular tank receiving untreated water were similarly

examined.

Minimum Exposure Time and Percent Infection- -Determined

by Isolation in Spring Water Following Exposure to McKenzie River

Water. About 800, 1968 brood, spring chinook fry from the 0. F. C.

Marion Forks Hatchery were transported to the McKenzie River

Hatchery on February 1 7, 1969. Fish were placed in a 1.83 X 0.91

X 0.91 meter live car in a dirt rearing pond and fed the O.M. P. diet.

Fish, following exposure in the dirt rearing ponds, were brought to
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the Clackamas laboratory and isolated in spring water. Forty fish

each were isolated after having been exposed to McKenzie River

water for: 22, 36, 50, 64, 85, 99 and 110 days respectively. On

June 16, 1969, ten fish from each 40 were killed and fixed for sec-

tioning.

Age, Size, and Time of Year Factors in Susceptibility of

Spring Chinook Fingerlings to Myxobolus insidiosus. For the pur-

pose of this experiment spring chinook programming for the 19 68

brood, production fish at the McKenzie River Hatchery was adjusted

to attempt to avoid the infection of fish by this parasite. Under the

usual program, fish would have been placed in the McKenzie ponds

from middle to late February. About 383, 000 spring chinook finger-

lings from eggs incubated at F. C.O. Marion Forks Hatchery were

kept at that station until June 16-18, 1969, when they were trans-

ferred to the McKenzie River Hatchery ponds. Fish examinations

for the presence of this parasite among pond run production fish

were conducted on October 19, 1969, and on March 12, 1970. Pro-

duction fish were liberated on March 23, 1970, but about 100 fish

taken randomly by seine were placed in a 1.83 X 0.91 X 0.91 meter

live car. This live car was left in a production pond so that fish

from it could be examined at a later time.

Fifty fish from those placed in the live car at McKenzie River

Hatchery on March 23, 1970, were brought to Clackamas on May 21,
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1970. These fish were examined for presence of the disease on

June 5 and August 10, 1970.

On February 5, 1970, 50 fish taken randomly by seine from the

production ponds were transported to the Clackamas laboratory and

held in 54° F. spring water. Fish from this group were killed for

examination on June 5 and 19, 19 70.

Water Temperatures, McKenzie River Hatchery, 1965 to 19 70.

Water temperatures are recorded daily by hatchery personnel. The

temperatures were obtained from a constant recording spring driven

thermograph. The temperature data graphed were taken from weekly

pathology reports submitted to the Clackamas laboratory by the

hatchery manager. The daily maximum and minimum tempera-

tures for that week were calculated. The data presented are given

by arbitrary weeks. For the data presented (19 65-19 70), all months

except November are made up of five weeks. The fifth week may

represent only one or up to seven days for any given year shown

because of the arbitrary days chosen for the work week by the hatch-

ery.

Water Temperatures, South Santiam Hatchery, 1967. Temper-

ature data for this station was obtained and handled as stated for the

McKenzie River Hatchery.

Evaluation of the Infectivity of the McKenzie River Hatchery

Water Supply to "Eyed" Spring Chinook Eggs. Eyed spring chinook



17

eggs which had been taken from adults at the F. C.O. Dexter Holding

Pond and incubated at the McKenzie River Hatchery were transported

to the Sandy River Hatchery for hatching and rearing in 19 66 and

1967. The 1966 brood eggs (70, 000) were shipped on November 15,

1966, and the 1967 brood (63, 000) on October 23, 1967. A sample

of striated musculature from 20 fish of the 1966 brood was fixed on

August 17, 1967, for examination. Fish of the 19 67 brood were

examined on July 8, August 28, October 23, November 12, Decem-

ber 3, 1968, and on January 28, 1969, for the presence of this dis-

ease.

Incidence of Myxobolus insidiosus from Wild Spring Chinook

Fingerlings in McKenzie River Water. On May 18, 1970, certain

dirt bottomed ponds at the McKenzie River Hatchery were filled with

water after having been dry for several months. On May 21, 1970,

some small fish were observed in the ponds. These fish must have

moved into the pond from the Eugene Water and Electric Board Canal

which supplies the hatchery with water. A seine was used to collect

30 of these fish. They were transported to and held in the spring

water supply at Clackamas on May 21, 19 70. Six of them were

killed and fixed for examination after 15 days at Clackamas. The

remaining 24 were killed on August 28, 1970, 100 days after being

placed in the spring water supply. Teased portions of striated
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musculature from each fish were examined in wet mounts to detect

the presence of this disease.

Comparison of the Incidence and Severity of Myxobolus

insidiosus in Dirt Rearing Ponds and Concrete Raceway Ponds. The

Oregon Game Commission(O.G.C., has a major hatchery for the rear-

ing of trout at Leaburg, Oregon. This station is just above the O. F. C.

McKenzie River Hatchery and takes its water from the small lake

which is backed up by Leaburg Dam. The station is new, fish are

reared in 2. 4 X 6.1 meter concrete raceway ponds with triple inlets

for each and the outlet is fitted with a screen. The Eugene Water and

Electric Board Canal also originates from this same lake-like area

(Figures 18 and 19). The water supplies for the O.G. C. and O. F. C.

hatcheries differ only in the fact that water must pass through about

1.61 kilometers of canal before reaching the intake of the latter.

The most significant differences between rearing conditions at the

two stations are the dirt bottoms and side walls, low velocities of

water flow at the O.F. C. hatchery, with the ponds being in series

in comparison to the concrete, relatively clean ponds with higher

exchange rates of single pass water at the O.G. C. hatchery. The

O.G. C. Leaburg Hatchery first reared spring chinook salmon with

400, 000 eggs of the 1967 brood. These were incubated, hatched and

ponded at that station. Samples of 1967 brood fish from the Leaburg

ponds were obtained on June 17 and September 30, 1968, and
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February 24, 1969. Striated musculature from these fish was fixed

for parasitological examination. Samples of 1967 brood production

fish at the O.F. C. McKenzie River Hatchery were similarly ex-

amined. These samples were taken on November 24, 1968 and

January 9, 1969.

A Check for Myxosporida. in Other
Salmonid Fishes at the Oregon Game
Commission Leaburg Hatchery

The O.G. C. Leaburg Hatchery also rears rainbow trout Salmo

gairdnerii (Richardson) and cutthroat trout, Salmo clarki clarki

(Richardson). In search of an alternate reservoir host for Myxobolus

insidiosus in August, 1966, 24 rainbow trout fingerlings averaging

11. 4 cm in fork length and ten cutthroat trout ranging in size from

15.2 to 20.3 cm were collected. Both groups were taken from the

ponds randomly by seine. Striated musculature from both groups

was fixed for sectioning and teased wet mount muscle preparations

were examined for the presence of myxosporidan spores.

Incidence of Myxobolus insidiosus

in Adult Spring Chinook Salmon

On August 3, 1967, about 240 adult spring chinook were taken

from the trapping facility at Cougar Dam on the south fork of the

McKenzie River in Lane County, Oregon. These fish were placed
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in the small adult holding pond at the McKenzie River Hatchery. At

the time of spawning (late September and early October, 1967) the

fish were killed and pieces of muscle were cut from the fish, placed

in individual plastic sacks, and frozen for later examination, After

thawing, small portions of teased tissue were examined microscop-

ically in wet mounts for the presence of spores.

A small stream about 45.7 meters in length carries the effluent

from the McKenzie River Hatchery ponds to the McKenzie River

(Figure 20). In 1969 spring chinook adults entered this stream.

Oxytetracycline (TM-50) had been fed to the 1965 brood, chinook

fingerlings reared at the McKenzie station to control furunculosis, a

bacterial disease caused by Aeromonas salmonicida. Weber and

Ridgway (1962) first reported the use of tetracycline for marking

bones of Pacific salmon. When these antibiotics are fed to growing

animals, a residue of the drug is fixed in bony tissue. This compound

exhibits fluorescence after exposure to ultraviolet light in the range

of 3, 500 to 3, 800 angstroms. Vertebrae of these fish were collected

at the time of spawning to determine the number of tetracycline

marked fish. Sections of the vertebrae were examined microscop-

ically using a Bausch and Lomb microscope with a mercury arc light

source and appropriate filters. Those vertebrae which had sufficient

muscle tissue adherent to them were frozen and this tissue was later

examined for the presence of spores of this parasite. Spring chinook
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salmon return as three, four, five and six year old fish; thus, the

1965 brood, "tetracycline fish" were four years old in 1969. The

adult fish returning to the effluent stream represent both wild and

hatchery fish. These fish were of several year classes. This study was

an attempt to evaluate the contribution of 1965 brood fish to the total

run by two independent methods. First, by the presence of Oxytetra-

cycline in the bones and secondly, by the presence of spores of this

parasite in the muscle.

The F. C. 0 has a major spring chinook adult egg taking station

at Dexter Dam on the middle fork of the Willamette River. Several

diseases occur in these fish which require attention. Striated muscu-

lature has also been examined for the presence of MyxoboluE

insidiosus in these fish.

Studies on the Infectivity of the Water of the South Santiam
River and Coal Creek for Myxobolus insidiosus

The type localities for M. insidiosus were the F.C.O. McKenzie

and South Santiam River hatcheries. Two dams, Green Peter and

Foster, have been constructed on the South Santiam River since

studies on this parasite at the former South Santiam River Hatchery

were conducted in 1960 and 1961. A new hachery was built just below

Foster Dam at Foster, Oregon, in Linn County. Eggs taken from

1967 spring chinook adults, which had returned to the Dexter Holding
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Pond on the middle fork of the Willamette River, were transported

to the new South Santiam River Hatchery below Foster Dam. The

water supply for this station is from the Foster Dam forebay. The

fish were reared to a size of 66 per 454 grams and transported to

a dirt rearing pond on the old hatchery site. This pond continued

to receive water from the original water supply, Coal Creek. Year-

ling fish infected with Myxobolus insidiosus were last in this pond 18

months prior to this experiment. The fish were held in the pond

from July 2, 1968, until January 22, 1969. Tissues from a sample

of these fish were fixed, sectioned and examined for the disease.

The record of fish and egg transfers to the old South Santiam

River Hatchery is somewhat cloudy. A search of old records from

the McKenzie and South Santiam stations was made. It was deter-

mined that 160, 000, 1961 brood, spring chinook eggs taken from

adults from the Walterville Canal (supplied by water from the

McKenzie River) were taken directly to the old South Santiam

River station. The fish hatched from these eggs were reared in

the dirt ponds supplied by Coal Creek water until December 21,

1962. Just prior to their release on December 17, 1962, records

show these fish were examined for disease.

Coal Creek above the old South Santiam River Hatchery is

made up of a series of pools with riffles between them. In August,

1966 and 1967, several of these pools were carefully seined. The
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only fish found in them were Sa lmo clarki clarki of various sizes

ranging between 8.9 and 20.3 cm in length. These fish were care-

fully examined by wet mounts and sections for the presence of

Myxosporida.

The new South Santiam River Hatchery began its operation with

1967 brood fish. Eggs or fish for rearing at this station have either

been from the F. C.O. Willamette Hatchery in Lane County or from

the F. C.O. Marion Forks station. Spring chinook fingerlings reared

at these stations have never been found to be infected with M.

insidiosus. A check on the striated musculature of 1967, 1968

and 1969 brood, spring chinook fingerlings reared at the new South

Santiam River Hatchery has been made to determine if they were

infected with this disease.

Evaluation of Chemical Agents for Disinfection
of Ponds Against Myxobolus insidiosus

Tests were run to evaluate the efficacy of some relatively

common and inexpensive chemicals for killing spores. Sodium

hypochlorite (CLOR, 15% available chlorine, Pennwalt Corpora-

tion, Industrial Chemicals Division, Portland, Oregon) with chlo-

rine at concentrations of 800, 1600 and 3, 200 ppm, benzalkonium.

chloride (Roccal, 50% active ingredient, Sternin Chemicals Inc.,

subsidiary of Sterling Drup Inc., New York, New York) at
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concentrations of 100, 200, 400, 800 and 1600 ppm active ingredient,

slaked lime Ca(OH)2 0.05, 0.50 and 2.0 percent, and Copper sulfate

(CuSO4) 1.0, 5.0, 15.0 and 30. 0 percent were tested. Spores were

obtained by maceration of somatic musculature of 15 month old heav-

ily infected spring chinook fingerlings from the 0. F. C. McKenzie

River Hatchery. The macerated tissue was centrifuged, the super-

natant poured off and a 3 ml volume of the pellet and 3 ml volume of

spore-free mud were placed in a 20 ml screw-top test tube. The

remainder of a tube was filled with a chemical solution, and capped.

The tubes were thoroughly shaken and placed in a 12.3° C. water

bath for 24 hours. At the end of this time, the material in each tube

was centrifuged, the supernatant poured off and the contents subjected

to two washings with spring water. After the final washing, the tubes

were again filled, shaken and placed back in the water bath. The

effect of the chemicals was determined by microscopic observation.

Particular attention was given to the appearance of the sporoplasm,

polar capsules and the spore valves.

A second experiment was run to define further the minimum

effective concentration of Ca(OH)2. The concentrations tested were

1.0, 0.5, 0. 25 and 0.12 percent. At 20° C. the solubility of Ca(OH)2

is 0.16'5 gms/100 mis. The experimental procedure was identical to

that used in the first experiment, except that 48 hours of exposure

to the chemical was allowed before three washings instead of two.



25

Decomposition of Spores of Myxobolus insidiosus

Two 37.9 liter aquaria were filled with well water and placed

in a cold room, maintained between 10 to 13° C. and aerated. Three

infected, killed chinook fingerlings were placed in each aquarium.

Once each week, small bits of striated musculature were removed

from the fish and examined microscopically to determine the mor-

phological condition of spores.

A second experiment was run using a one liter Erlenmeyer

filtering flask, fitted with a one hole rubber stopper. A glass tube,

curved at the lower end, was run down through the stopper and into

the flask and attached to a line from a spring water supply. Effluent

water flowed from the side arm of the flask without disturbing the

mud.

Two 1968 brood yearling spring chinook were killed, eviscer-

ated and heads removed. The remaining tissue was placed in a

Waring blender and broken up. This tissue had a displacement of

58 ml of water and was mixed with mud having a displacement of

175 ml. The mud and tissue were mixed and placed in the bottom

of the flask. Evaluation of spore decomposition was done micro-

scopically. Samples were withdrawn from near the dirt water inter-

face in order to attempt to evaluate what might occur in a pond or

stream environment.
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Tests of the Efficacy of a New Nitrofuran Drug
Against the Vegetative Stages of Myxosporida

Coho salmon (Oncorhynchus kisutch) fingerlings from the F. C.O.

Sandy River Hatchery, weighing about 18 fish per 454 grams, were

brought to the Clackamas laboratory. Examination of the gall bladder

contents of samples of these fish indicated a heavy infestation with

the trophozoites of Chloromyxum sp. Fifteen of these fish were

placed in each of eight fiberglass troughs, 121.9 X 38.1 X 38.1 cm.

Paired lots were treated with 5, 2.5 and 1.0 ppm active ingredient

of 6 hydroxymethyl- [2 -2 -(5- Nitro -2- furyl) vinyl]pyridine (Generic

name, Furpyrinol; Furanace, registered trade mark of P-7138).

The use of this drug against bacterial and protozoan diseases of

fish was first discussed by Shimizu and Takase (1967) and was de-

veloped by Dainippon Pharmaceutical Company, LTD., Osaka, Japan.

To achieve the desired concentrations, appropriate amounts of this

drug were weighed out from ten percent active ingredient stock sup-

plied by the company. The drug was given to the fish as a chemical

bath with the inflow water shut off for one hour during treatment and

the fish were fasted for the two days following. Five fish from each

lot were sacrificed, the gall bladders removed and microscopically

examined for the presence of the parasite. Seven days following the

first treatment all groups, except the controls, were treated again
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at the same concentrations, but the exposure period was for 3.5

hours. Evaluation was as stated for the first treatment.

Spring chinook swim-up fry from the F. C.O. Willamette Hatch-

ery were exposed to water in the F. C.O. McKenzie River Hatchery

ponds from February 17, 1969 to June 10, 1969. Sections of stri-

ated musculature from a sample of fish from this group revealed

the presence of large numbers of trophozoites and pansporoblasts

of Myxobolus insidiosus. Fish were transported to the Clackamas

Laboratory and 40 fish were placed in each of five fiberglass

troughs as described previously. One trough served as a control

and paired lots of fish in the other troughs were given six treatments

of five and ten ppm Furanace, respectively. The first three treat-

ments were administered every other day, the fourth followed a

time interval of three days and the last two were given every other

day. The time span between the first and last treatment was 13 days,

inclusive.

Myxobolus insidiosus in the Coho Salmon
Oncorhynchus kisutch (Walbaum)
in Washington

Wood (1961, 1968b, 1969 personal communications) reported

some studies on a myxosporidan in the striated musculature of coho

salmon fingerlings at the Washington Department of Fisheries,

Lewis River and Speelyai hatcheries. Wood (1968a) considered
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this parasite to be the same as Myxobolus insidiosus. In October,

1968, I accompanied Mr. Wood to these hatcheries and collected

specimens for microscopic and histopathological examinations. Wood

(1969) kindly sent me the results of some of his investigations which

parallel those conducted by myself at the McKenzie River Hatchery

and these results will be compared at the appropriate place in the

discussion section of this thesis.

Some Histopathological Observations of Muscle
Tissue Infected with Myxobolus insidiosus

Spring chinook fingerlings of the 1967 and 1968 brood production

fish being reared at the McKenzie River Hatchery were brought to

Clackamas on February 25, 1969 (1967 brood) and June 10, 1969

(1968 brood) and placed in troughs receiving the spring water supply.

On September 1, 1969, ten 1967 brood fish were killed, striated

musculature fixed and sectioned for examination. These fish had

been away from infective water about 276 days. The 1968 brood

fish were killed on March 13, 1971, 638 days after being isolated

in non-infective water. The presence or absence of vegetative stages

were also noted.
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Taxonomy

Myxobolus sp. from the Striated Musculature and Associated

Tissues of Salmo clarki clarki (Richardson). Fish for examination

were obtained by seine from pot holes in Coal Creek, a tributary of

the South Santiam River in Linn County, and from the O.G. C.

Leaburg Hatchery in Lane County, Oregon. Fish from the former

were collected on August 16, 1966, and on August 3, 1967. The

Leaburg Hatchery fish were obtained on August 23, 1966. Fish

examined ranged from 11.4 cm to 21.7 cm in length.

Myxobolus kisutchi (Yasutake and Wood, 1957). From the

Brain and Spinal Cord of Oncorhynchus tshawtscha (Walbaum). The

1967 brood, spring chinook fingerlings from the production ponds at

the 0. F. C. McKenzie River Hatchery, averaging about five fish per

454 grams, were brought to Clackamas on February 25, 1969. They

were held in the spring water supply until they were killed on Sep-

tember 1, 1969. Sections of the brain and spinal cord were prepared

for microscopic examinations.
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RESULTS

Transmission Experiments--Disease Free Water Supplies

Trout and chinook fingerlings that had ingested spores of

Myxobolus insidiosus from the somatic musculature of adult and

juvenile fish failed to show any indication of being infected 106 days

after being challenged (Table 1). Likewise, non-infected juvenile

fish in the same tank with heavily infected juveniles failed to show

evidence of the infection after the same period of time.

Uninfected juvenile fish continuously exposed to spore-seeded

mud, which had "aged" up to 210 days, failed to show evidence of

infection throughout the experiment or after 429 days (Table 2).

In the experiment designed to determine if mud from the rear-

ing ponds at the McKenzie River Hatchery contained infective units,

mud from this hatchery was placed in a trough in the disease free

water supply at Clackamas and at the end of 190 days the disease

free fish were still not infected.

Transmission Experiments--Exposure to Infection
by McKenzie River Water

Timing of Infection

Tables 3 and 4 summarize the data regarding the time when

M. insidiosus could first be detected, the incidence of infection



Table 3. Timing of Infection by Myxobolus insidiosus 1966 Brood, McKenzie Spring Chinook

Date Fish Killed
for Examination

Days

Since
Ponded

Number

1
Examined

Number
Infected

Percent
Infected

1 2/ 29/ 19 66 10 0 0

1 / 31/ 1 9 67 10 0 0

3/3/1967 14 10 0 0

4/ 5/ 19 67 47 10 0 0

5/4/1967 76 10 1 10

5/ 20/ 19 67 92 10 9 90

6/ 6/ 1967 109 10 10 100

6/ 22/ 19 67 125 9 9 100

1
Fish ponded 2/ 18/ 19 67



Table 4. Timing of Infection by Mritobolus insidiosus 1967 Brood, McKenzie Spring Chinook

Date Fish Killed
for Fxaminati on

Days

Since
Ponded

1

Number
Examined

Number
Infected

Percent
Infected

5/1/1968 76 10 0 0

5/8/1968 83 10 2 20

5/17/1968 92 10 10 100

5/ 22/1968 97 10 10 100

5/29/1968 104 10 10 100

1
Fish Ponded 2/ 15/ 1968
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relative to elapsed time and the days of exposure in the hatchery

ponds. The timing and incidence in these two brood years are closely

approximated; the 1966 brood fish become infected by May 4th, after

being in the ponds 76 days and the 1967 brood becoming infected be-

tween May 1st and 8th, after being in the rearing ponds 83 days.

Ultraviolet Light Studies

One fish of the 40 examined (2.5 percent), from the 1.83 me-

ter, circular tank that did not receive ultraviolet light treated water

was found to be infected with M. insidiosus. This fish had been in

the steel tank 136 days prior to being killed and fixed for sectioning.

At this same time, an examination of a sample of 40 fish from the

tank receiving the ultraviolet light treated water failed to reveal the

presence of this parasite. A 100 percent incidence of this disease

was found in pond run production fish killed at this time.

Incidence of Infection Relative to Exposure Time
in McKenzie River Hatchery Dirt Rearing Ponds

The highest incidence of infection occurred in those fish ex-

posed to the hatchery pond environment for the greatest period of

time (Table 5). Marked fish placed in the circular tank which re-

ceived the untreated water, were negative for this disease. These

data also indicate that either the dirt ponds are not continuously



Table 5. Incidence of Infection Relative to Exposure Time in McKenzie Hatchery Dirt Rearing Ponds

Date Fish Were
Placed in
Live Car

Fin M ark Date Kille d Number of Days of
Exposure in

Dirt Rearing Ponds

Number
Examined

Number
Infected

Percent
Infected

3 /19/1 968 Dorsal 9/12/1968 178 4 100

4/ 5/ 1968 Anal 9/12/1968 161 4
1

3 75

4/ 19/ 1968 Left Pectoral 9/ 12/ 1968 147 616 3 50

4/ 29/ 1968 Right Pectoral 9/12/1968 137 10 4 40

5/15/1968 Right Ventral 9/ 12/ 1968 121 818 2 25

5/29/1968 Left Ventral 9/12/1968 107 51 1 20

6/ 19/ 1968 Adipose 9/12/1968 81 10 0 0

7/3/1968 Adipose Left Pectoral 9/12/1968 72 10 0 0

7/17/ 1968 Adipose Right Pectoral 9/ 12/ 1968 58 10 0 0

7/31/1968 Adipose Left Ventral 9/12/1968 44 10 0 0

1 Only those fish that could be positively identified were fixed for sectioning. The fins regenerated so that positive identification of ten fish from

this group was not possible.

U.)

FP
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infective or that there is a lag between the time of infection and the

presence of the vegetative stage in a recognizable form in the striated

musculature.

Incidence of Myxobolus insidiosus After Variable
Exposure Times of Fish to McKenzie River Water
Followed by Isolation in Spring Water at Clackamas

Fish became infected with this disease between the eighth and

twenty-second day of exposure in the pond (Table 6). Increasing the

exposure period beyond 22 days increased the percent infected to

between 90 and 100 percent.

Age, Size and Time of Year Factors in Susceptibility of
Spring Chinook Fingerlings to Myxobolus insidiosus

Larger fish placed in McKenzie River Hatchery ponds in Tune

(Table 7), do not show evidence of this disease at the expected

elapsed time or for several months (Tables 3 and 4). When fish

of this group are placed in spring water at 12.3° C. (54° F. ), the

disease develops rapidly (Table 8). Spores were found in cysts

after only 121 days. Fish of the same group retained at the hatch-

ery 105 days longer (338 days) and placed in spring water for 16

days had only young pansporoblasts in the muscle tissue. If these

fish were held 51 days in spring water (an additional 35 days), cysts

with spores beginning to develop were found. The response of this



Table 6. Minimum Exposure Time and Percent Infectivity With Myxobolus insidiosus Determined by Variable Exposure and Isolation in Spring Water

Number of Days of
Exposure in Hatchery
Pond at McKenzie

Date of Isolation
at Clackamas in

Spring Water

Da ys in Spring
Water Before

Killed 1

Number
Examined

Number
Infected

Percent
Infected

8 2/ 24/ 1969 1 12 10 0 0

22 3/ 10/ 19 69 98 10 4 40

36 3/ 24/ 1969 84 10 9 90

50 4/7/ 1969 70 10 9 90

64 4/21/1969 56 10 9 90

85 5/12/19 69 35 10 10 100

99 5/ 26/ 1969 21 10 9 90

110 6/ 6/ 1969 10 10 10 100

lAll fish killed and fixed on 6/16/19 69



Table 7. 1968 Brood, Time and Size Susceptibility Experiments With Fish Retained at the McKenzie River Hatchery

Date Production
Fish Were Placed

in Ponds

Size Date Fish Were
Killed for

Examination

Number of
Days in

McKenzie Pond

Number
Examined

Percent
Infected

June 16-18, 1969 384/ lb
1

16/ lb 11/19/1969 155 10 0

13 /lb 2/5/1970 233 10 0

10/ lb 3/ 12/ 197 0 268 10 0

1
About 454 grams per pound



Table 8. 1968 Brood, Time and Size Susceptibility Experiments Production Fish Brought to Clackamas

Date Fish Were
Transported to
Clackamas

Date Fish Were
Killed for

Examination

Days in McKenzie
Pond Before
Transfe r to
Clackamas

Days in Spring
W ater Before Fish

Were Killed
for Examination

Number
Examined

Number
Infected

Percent
Infected

2/ 5/ 1970 6/ 5/ 1970 233 121 10 81 80

2/ 5/ 1970 6/ 19/ 1970 233 135 10 91 90

5/ 21/ 1970 6/ 5/ 1970 338 16 10
2

3 30

5/ 21/ 1970 8/ 10/ 1970 338 51 10 103 100

1 Ninety percent of the cysts seen have spores which are fully developed.

2Vegetative stages only. Young pansporoblasts.

3Cysts with spores just differentiating into morphologically distinct forms.
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disease to increased temperature is thus apparent.

Temperatures at the McKenzie River Hatchery between 1965

and 1970 are shown in Figure 21. It can be seen that the average

minimum during mid-June is about 50° F., and the average maximum

at about 58° F. The average mean temperature is 54° F. (12.3° C. ),

about the same as that of the spring water supply. Temperatures in

July, August, September and on to early October, exceed those of

mid-June. There were throughout diurnal temperature variations,

the largest of these appearing in July. Table 5 presented data regard-

ing fish placed in the McKenzie River Hatchery ponds on June 19 and

July 3, kept there for 81 and 72 days respectively, before being killed.

These data indicate that the disease could not be found even though

one would expect more rapid development of the disease at these

elevated temperatures (Figure 21).

If the disease is available to fish throughout the year, diurnal

and/or high temperatures appear to change the epidemiology of it.

Unfortunately, no experiment in which fish placed in the hatchery

ponds in June and held there until August or September and then

brought to spring water for monitoring of this disease was run.

The relatively high summer temperatures at the old F. C.O. South

Santiam River Hatchery are presented in Figure 22. There is evi-

dence that the water supply and/or ponds at this station contained

infective material. These temperature data are included to
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demonstrate that the higher temperature regime was not harmful

to the parasite.

Tests for Egg Transmission of Myxobolus Insidiosus

Examinations of striated musculature of fish from eggs carried

to the eyed stage at the McKenzie River Hatchery, then hatched and

reared at the Sandy River Hatchery on two successive years failed to

show evidence of this disease.

Incidence of Myxobolus insidiosus in Wild Fish
Taken from the McKenzie River Hatchery Ponds

Examination of 6 of 30 wild fish which were held 15 days in

spring water at Clackamas showed 2 of the 6 to be infected with

pansporoblasts of this disease. These fish were killed for fixation

on June 5, 1970. One-hundred days after they were brought to

Clackamas, the remaining 24 were found to be infected. Cysts

with spores were found and infections were about equally distributed

between light, moderate and heavy.

Comparison of the Incidence and Severity of
Myxobolus insidio-sus in Dirt Hatchery Ponds

Versus Concrete Raceway Ponds

Rearing fish in concrete raceway ponds greatly reduces the

incidence and severity (number of cysts) of infection of spring
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chinook fingerlings with Myxobolus insidiosus (Table 9). The inci-

dence at the O.G. C. Leaburg Hatchery varied between 10 and 12. 5

percent as opposed to the 100 percent incidence at the 0. F. C.

McKenzie River Hatchery.

Incidence of Myxobolus insidiosus in Adult Spring Chinook

A rough indicator of the contribution of the McKenzie River

Hatchery from the 1962 and 1963 brood releases based on the inci-

dence of Myxobolus insidiosus in returning adults is included in

Table 10. Tissue from 31.9 percent of 47 adult fish from the Cougar

Dam trap were infected with M. insidiosus. These were primarily

four and five year old fish and would be from 1962 and 1963 brood

migrant fingerlings.

The presence of a single tetracycline mark and the presence

of spores of this parasite are used to assess the hatchery contribu-

tion to the returning fish in 1969. One would expect the sample to

be biased because these fish homed to the small stream which carries

hatchery effluent. The surprising fact was that about six percent of

the fish in this group originated from the middle fork of the Willam-

ette River as evidenced by a double tetracycline mark (Table 11).

Two of the 15 adult fish examined, which had died after return-

ing to the Dexter Holding Pond in 1965, were found to be infected with

spores of Myxobolus insidiosus and both were males. One was 74 cm



Table 9. Incidence of Myxobolus insidiosus in 19 67 Brood Spring Chinook Reared in Concrete Raceways at the
Oregon Game Commission Leaburg Hatchery on the McKenge River

Date Fish Killed Number Number Percent

for Examination Examined Infected Infected

June 17, 19 68 19 2 10.5

September 30, 1968 20 2 1 0. 0

February 24, 19 69 16 2 1 2. 5



Table 10. Incidence of Myxobolus insidiosus in Spring Chinook Adults Returning to the Cougar Darn Trap, McKenzie River 1967

Number of
Fish Examined

Number
Infected

Percent
Infected

Females 30 13 43, 3

Males 17 2 11,8

Females and Males 4 7 15 31. 9



Table 11. Number of Tetracycline Marked Fish Returning to the Tailrace Stream of the McKenzie
River Hatchery, 1969, and the Incidence of Myxobolus insidiosus

Number of Fish Examined 101

Number of Single Marks 631

Number With a Double Mark 62

Unmarked 3 23

1 Sixteen of the vertebrae from these fish had some adherent muscle tissue to examine for spores.
Spores were found in six of these, or 37.5 percent.

2Four examined as in1. No spores were found.

13Eight examined as in . Tissue from one of these was found to have spores, or 12.5 percent
were infected.
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long and the other was a very small, sexually precocious 41 cm long

animal which was very heavily infected. Spring chinook which return

at this length are generally two years of age and scale patterns indi-

cate a salt water check. Whether this animal had reached the ocean

proper or remained in the estuary is not known. These data show

that adults from migrant fish originating in the McKenzie River may

stray to other streams. This process might disseminate this disease

to new areas.

Studies at the Old South Santiam Hatchery
Supplied with Coal Creek Water

The 1967 brood spring chinook fingerlings held in a dirt rearing

pond at the F. C.O. old South Santiam River Hatchery failed to show

evidence of being parasitized after 142 days of exposure to the pond

and to the water supply from Coal Creek from July 2, 1968, until

January 22, 1969. However, records show that 1961 brood spring

chinook fingerlings, brought to the old South Santiam River Hatchery

as green eggs were infected with spores of M. insidiosus at the time

of their release in December, 1962.

Examination of striated musculature from spring chinook

reared at the F. C. 0 new South Santiam River Hatchery during the

1967, 1968 and 1969 brood years has failed to show the presence

of this disease in these fish.
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Evaluation of Some Chemical Agents for Disinfection
of Ponds Against Spores of Myxobolus insidiosus

The results of tests of selected chemicals on the decomposition

of spores are presented in Tables 12 and 13. Calcium hydroxide is the

most effective material tested and it causes degeneration of spores in

mud at a concentration of 0.12 and 0.2-5 percent in 216 hours. The

control groups in each case show spore deterioration as being related

to microbial activity in the tubes. In the CuSO4 treated tubes no bac-

terial activity was seen and little or no spore deterioration.

Spore Decomposition Under Two Conditions

Spores in tissues from heavily infected spring chinook finger-

lings allowed to decompose in aerated aquaria appeared viable at 52

days. Numerous motile bacteria were seen in the tissue samples

examined from these fish.

Spores that were mixed with mud and placed in an Erlenmeyer

filtering flask with water flowing continuously over the spore-mud

layer were found to have greater longevity. At 130 days, spores

from samples at the mud water interface appeared to be morpho-

logically unchanged. A sample examined from near the bottom of

the flask showed that only about 20 percent of the spores were mor-

phologically intact. At the end of 182 days, about 25 percent of the

spores near the surface of mud were still unchanged. Examination



Table 12. Evaluation of the Decomposition of Spores of Myxobolus insidiosus in Mud After Exposure to Selected Chemicals

Chemical Hours After Chemical Polar Sporoplasm Spore Valves

Exposure to Concentration Capsules
Chemical

Sodium
Hypochlorite 48 800 ppm Cl No Change No Change No Change

1600 ppm Cl No Change No Change No Change
3200 ppm Cl No Change Shrinkage Granular No Change

Sodium
Hypochlorite 96 800 ppm Cl No Change No Change No Change

1600 ppm Cl No Change No Change No Change

3200 ppm Cl Some Degenerate Some Degenerate No Change

Sodium
Hypochlorite

Sodium
Hypochlorite

Benzalkonium
Chloride

144 800 ppm Cl No Change No Change No Change
1600 ppm Cl No Change No Change No Change
3200 ppm Cl Degenerate Degenerate No Change

336 800 ppm Cl Few Slightly
1

Few Granular No Change
Degenerate

1600 ppm Cl No Change No Change No Change
3200 ppm Cl Degenerate Degenerate No Change

48 100 ppm No Change
1

No Change No Change
200 ppm No Change1 No Change No Change

400 ppm No Change No Change No Change
800 ppm No Change Shrinkage Granular No Change

1600 ppm No Change Shrinkage Granular Frayed 4=-
--.1



Table 12, Continued

Chemical Hours After Chemical Polar Sporoplasm Spore Valves

Exposure to Concentration Capsules
Chemical

Benzylkonium
Chloride

Benzalkonium
Chloride

Benzalkonium
Chloride

96

144

100 ppm
200 ppm
400 ppm
800 ppm

1600 ppm

100 ppm
200 ppm
400 ppm
800 ppm

1600 ppm

No Change1
1

No Change
No Change
Few Degenerate
Few Degenerate

No Change
No Change
No Change
Few Degenerate
Few Degenerate

No Change
No Change
No Change
Shrinkage Granular
Shrinkage Granular

No Change
No Change
No Change
Shrinkage Granular
Shrinkage Granular

No Change
No Change
No Change
No Change
Slight Fraying

No Change
No Change
No Change
No Change
Many Frayed

336 100 ppm Degenerate Degenerate No Change
200 ppm Degenerate Degenerate No Change
400 ppm Degenerate Shrinkage Granular No Change
800 ppm Degenerate Shrinkage Granular No Change

1600 ppm Degenerate Shrinkage Granular Slight Fraying



Table 12. Continued

Chemical Hours After Chemical Polar Sporoplasm Spore Valves

Exposure to Concentration Capsules
Chemical

Calcium
Hydroxide 48 0.05% No Change No Change No Change

0.50% De generate De generate No Change
2.00% De generate De generate No Change

Calcium
Hydroxide 96 0.05% No Change No Change No Change

0.50% Degenerate Degenerate No Change
2.00% De generate De generate No Change

Calcium
Hydroxide 144 0,05% No Change No Change No Change

0.50% Degenerate De generate No Change

2,00% De generate De generate No Change

Calcium
Hydroxide 336 0.05% Degenerate) De generate Degenerate

0.50% Degenerate De generate Degenerate
2.00% De generate De generate Degenerate



Table 12. Continued

Chemical Hours After Chemical Polar Sporoplasm Spore
Exposure to Concentration Capsules Valves
Chemical

Copper Sulfate 48 1.0% No Change No Change No Change
5.0% No Change No Change No Change

15.0% No Change No Change No Change
30, 0% No Change Few Granular No Change

Copper Sulfate 96 1.0% No Change No Change No Change
5.0% No Change No Change No Change

1 5. 0% No Change No Change No Change
3 0.0% No Change No Change No Change

Copper Sulfate 144 1.0% No Change No Change No Change
5.0% No Change No Change No Change

15.0% No Change No Change No Change
30.0% No Change No Change No Change

Copper Sulfate 336 1.0% No Change Slight Shrinkage No Change
5.0% No Change Slight Shrinkage No Change

1 5. 0% No Change Slight Shrinkage No Change
30.0% No Change Slight Shrinkage No Change



Table 12. Continued

Chemical Hours After Chemical Polar Sporoplasm Spore Valves
Exposure to Concentration Capsules
Chemical

Control

Mud and Spores 48 No Change
1

No Change No Change

96 No Change
1

Some Shrinkage No Change

144 Some Degenerate 1
Some Shrinkage No Change

1336 Degenerate De generate No Change

1
Numerous motile rod shaped bacteria observed.



Table 13. Evaluation of the Decomposition of Spores of Myxobolus insidiosus in Mud After Exposure to Calcium Hydroxide

Chemical Hours After Chemical Polar Sporoplasm Spore Valves

Exposure to Concentration Capsules
Chemical

Calcium
Hydroxide

Calcium
Hydroxide

Calcium
Hydroxide

Control

Mud and Spores

72 0 . 12% No Change Few Slight No Change
Shrinkage

0.25% Degenerate Degenerate No Change
0.50% De generate Degenerate No Change
1.00% Degenerate De generate No Change

168 0.12% No Change Slight Shrinkage No Change
0 . 25% Degenerate De generate No Change
0 . 50% Degenerate De generate No Change
1 . 00% Degenerate Degenerate No Change

216 0. 12% Some Degenerate Shrinkage No Change
0 . 25% Degenerate Degenerate No Change
0 50% De generate De generate No Change

1.00% Degenerate De generate No Change

72
168
216

No Change
1

No Change
1

Some Degenerate

No Change
No Change
Some Show
Shrinkage

No Change
No Change
No Change

1
Numerous motile rod shaped bacteria observed.
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of mud samples on day 298 of the experiment showed only the valves

and the walls of the polar capsules of the spores in the samples.

Test of Efficacy of a New Nitrofuran Drug
Against Myxosporidan Trophozoites

No apparent difference in either the control or treated groups

was found in microscopic examination of the trophozoites of

Chloromyxum sp. from coho salmon fingerlings. Amoeboid ac-

tivity and the number of trophozoites were used as indicators. Fish

examined three weeks following the treatments harbored normal

looking spores.

In juvenile spring chinook heavily infected with vegetative

stages of Myxobolus insidiosus, there was no apparent differences

relative to spore formation or the morphology of those spores formed

after treatment with Furanace. It was learned that this drug with

repeated use at ten ppm at 54° F. has lethal effects on the fish.

Just prior to treatment number six, three fish were found dead on

the 12th day, 13 more died on the 13th day and four more died on

the 14th day for a total loss of 47.5 percent of the test group which

were receiving ten ppm active ingredient of the drug. There were

no losses in the group receiving the five ppm active ingredient treat-

ments.

The toxicity data as well as the negative results of these tests
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against vegetative stages of myxosporida has been forwarded to

Mr. Don Amend, Microbiologist, Western Fish Disease Laboratory,

Seattle, Washington, who is preparing the file on this drug for clear-

ance by the Food and Drug Administration.

Myxobolus insidiosus in the Coho Salmon
Oncorhynchus kisutch (Walbaum) in Washington

Meristic data collected from spores found in the striated mus-

culature of 1967 brood coho fingerlings from the Lewis River Hatch-

ery in Washington, and 1967 brood chinook fingerlings from the

McKenzie River Hatchery in Oregon, are compared in Table 14.

Tissue from both groups was formalin preserved, and the animals

were killed within nine days of each other so that spore development

was comparable. No differences in the site or form of cysts were

noted between the organism in coho and M. insidiosus as described

by Wyatt and Pratt (1963) from spring chinook fingerlings.

Some Histopath.ologt*,zal Observations of Muscle
Tissue Infected With Myxobolus insidiosus

An interesting anomaly was found in sections of striated mus-

culature of spring chinook fingerlings held in the spring water supply

at Clackamas for 156 and 713 days following a rearing period of 13

months at the McKenzie station. Distinct areas which were the sites



Table 14, Comparative Meristic Data of Spores From the Striated Musculature of Spring Chinook and Coho Salmon Fingerlings

1967 Brood Spring Chinook
Fingerlings From the McKenzie
River Hatchery in Oregon.
Killed 10/9/ 19 68

19 67 Brood Coho Salmon Fingerlings
From the Lewis River Hatchery in
Washington. Killed 9/ 30/ 1968

Spore Length 14.6 (16.9-13.3) 14.4 (15.7-13.3)

Spore Width 9.4 (9.9-8.5) 9.6 (10.9-9.9)

Spore Thickness 7.3 (7.9-7.0) 7.3 (7.5-7.0)

Polar Capsule Length 9.3 (9.7-8.5) 9.4 (10. 2-8. 5)

Polar Capsule Width 3.4 (3. 6-3 . 0) 3.5 (3. 6-3. 0)
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of cysts were seen to be replaced by numerous mesenchymal-like cells

or fibroblasts. These made up a compact nodule among bundles of

muscle fibers. Similar areas were found in sections of tissue from

coho salmon from the Lewis River Hatchery in Washington (Figures

23, 24 and 25).

To check the idea of whether spores produced within this host

might germinate and produce an autoinfection, 1967 brood fish were

isolated at Clackamas following 13 months of rearing in the McKenzie

River Hatchery ponds. Fish killed 156 and 713 days after isolation

in spring water failed to show the presence of non-sporulating vege-

tative stages. Furthermore, there were no such stages in fish of

the 1968 brood reared at the McKenzie River Hatchery for four

months and then isolated at Clackamas 237 days before being killed.

Taxonomy

Myxobolus sp. From the Striated Musculature and
Associated Tissues of Salmo clarki clarki (Richardson)

Forma lin preserved spores measured 12. 5 (13. 3-11. 7) in

length, 8. 4 (8.8-7. 6) in width and 7. 4 (8. 4-7.3) microns in thick-

ness. The polar capsules were 8.3 (9. 7-7.3) long and 2.9 (3.6-2.4)

in width. In face view, the spores are oval with the anterior end

attenuated; in side view, they are pyriform, appearing somewhat

bent along the sutural axis. A prominent sutural ridge is seen but
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there is no sutural line. In end view, they are broadly lenticular

(Figures 26, 27, 28, 29, 30 and 31). Vegetative stages were not

seen. Cysts are found occupying the center of a bundle of muscle

fibers (Figures 32 and 33), or in the connective tissue between them

(Figures 34 and 35). In the absence of vegetative stages, it cannot

be said with certainty whether those spores in the connective tissue

were formed there or are in this tissue as a result of diffuse infiltra-

tion. In some instances, a cyst wall does not appear to surround the

spores present in this connective tissue; in others, it appears to be

present. Cysts are oval to long and narrow with dimensions in the

long axis from 47 to 143 and from 16 to 76 in the short axis.

Myxobolus kisutchi (Yasutake and Wood 1957)
From the Brain and Spinal Cord of Spring
Chinook Fingerlings

Examination of sections of brains and spinal cords of spring

chinook fingerlings to determine if M. insidiosus might be found in

these tissues, revealed the presence of another myxosporidan.

Table 15 includes measurements made from spores of this form

from cysts in the brain and from free spores in the spinal cord with

data presented by Yasutake and Wood (1957) for M. kisutchi from

the spinal cord of coho salmon fingerlings. The spores are broadly

oval in face view and in general have the same morphology as that

described for the form from coho salmon (Figure 36). Cysts almost



Table 15. Comparison of Meristic Data of Myxobolus kisutchi (Yasutake and Wood 1957) From the Spinal Cords of Juvenile Coho Salmon and a
Myxosporidan From the Brain and Spinal Cord of Juvenile Spring Chinook Salmon

Spores Taken From the
Spinal Cord of Juvenile

Coho Salrnonl

Spores Taken From the Brain
and Spinal Cord of Juvenile

Spring Chinook Salmon

Spore Length

Spore Width

Spore Thickness

Polar Capsule Length

Polar Capsule Width

8. 5-7. 0

7 . 0-6. 5

3 8-3. 5

5. 5-3. 8

No Data Given

8.2 (9.7-7.4)

6.9 (7.3-6.1)

4.8 (5.0-4.6)

4. 7 (5. 1-4. 2)

2.4 (2.7-2.3)

1 Data From Yasutake and Wood 1957.
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circular in outline, measuring 107 X 98 X 120 long, were seen in the

tissue of the cerebral hemispheres (Figures 37 and 38). Spores in

the spinal cord were not found in distinct cyst-like structures (Figure

39).



60

DISCUSSION

Laboratory transmission experiments in disease-free water

supplies, as outlined in this thesis, failed to produce infection by

Myxobolus insidiosus. Kudo (1930) summarized experiments of

investigators who attempted to transmit myxosporida. Successful

transmission of species of the genera Chloromyxum and Myxidium

were discussed. Infections were reported to have been established

by the feeding of non-aged spores from infected to non-infected fish.

These were coelozoic myxosporidans.

Hoffman, Dunbar and Bradford (196Z) discussed experiments

begun in 1959 attempting to experimentally transmit Myxosoma

cerebralis. Feeding of non-aged spores proved negative. The first

report of the transmission of a histozoic myxosporidan under con-

trolled conditions was by Hoffman and Putz in 1969. Spores of

Myxosoma cerebralis aged in mud for four months produced infec-

tions in fish in two of nine aquaria. Putz (1970) repeated these ex-

periments and found that fish became infected in 7 of 16 aquaria con-

taining mud and spores aged 3.5 to 6 months. Spores would not

become infective if mud was not added. Tidd and Tubb (1970) also

reported the transmission of M. cerebralis after aging spores for

three months in mud of 3 of 5 aquaria.

Schafer (1968) failed to transmit the disease of Ceratomyxa



61

shasta (Noble) in contact experiments and by feeding infected tissue.

After six months spores from ten fish that died and decomposed in

the bottom of a tank of running water were morphologically intact.

After four months exposure, fish placed in the tank were free of

disease. Fryer and Sanders (1970) also reported negative results

from attempts to experimentally transmit C. shasta. The genus

Ceratomyxa is exclusively marine and coelozoic except for this

particular species which infects salmonids and is a tissue parasite.

Walliker (1968a) unsuccessfully attempted the experimental

transmission of Myxidium oviforme (Parisi) by feeding infected liver

tissue of Salmo salar to non-infected fish. This organism is coelozoic

in the gall bladder and is also found in the hepatic ducts. He justifi-

ably questioned the validity of the experiments summarized by Kudo

(1930) because investigators failed to be certain that the fish which

were fed spores were previously free of disease and the lack of ex-

aminations of fish not fed infected material at the end of the experi-

ments.

The genera Myxobolus and Myxosoma are morphologically in-

distinguishable except for the presence of an iodinophilous vacuole

which is presumably completely absent in the case of Myxosoma.

Walliker (1968b) provided a strong argument against the use of this

vacuole in the taxonomy of myxosporida. His material showed a

great deal of variability in the amount of vacuolar material in
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different species and within spores of a single species of both genera.

Thus, the presence or absence of glycogen does not appear to repre-

sent a true physiological difference between these genera. If his argu-

ment is valid, these genera are synonyms. Similarly, one should ex-

pect that their mode of transmission should be alike. The experi-

ments performed by Hoffman and Putz (1969) and myself appear quite

similar in design. The reason for the failure of aged spores of

Myxobolus insidiosus to infect non-infected fish is unknown. In no

report of successful transmission is there infection in every tank.

It appears that a very specific, essential, unknown biotic or abiotic

factor is required for proper conditioning of the potentially infective

unit. Infections may possibly take place in more than one way and

the least efficient means for producing infection of Myxosoma

cerebralis may have been elucidated.

The failure of this work and that of others to find a consistent

and relatively straightforward pattern from studies on the infectivity

of myxosporida may be related to a fundamental difference between

this group and "true" protozoa that form spores. Lom (1969a) sum-

marizes his and other workers findings regarding electron micro-

scopic studies on myxosporida. Spores are formed from several

cells. One engulfs the other to form a sporoblast. The inner cell

divides to form six or 12 cells with each cell having a specific fate.

Two cells make up the following structures: Spore valves, polar
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capsules and the sporoplasm, which is thus binucleate. The envelop-

ing cell maintains its integrity throughout this process. This multi-

cellularity, differentiation and cellular specialization differs from

the traditional acellular concept of the protozoa (Hyman, 1940).

Lom (1969a) considered this group to be apart from the protozoa.

Furthermore, he notes the similarities between the formation of the

polar capsule and filament in myxosporida and the nematocysts of

hydrozoan and anthozoan coelenterates. No living links between these

groups exist, but he considers that the homologies in the formation

of these structures cannot be the result of mere convergence. He

has thus proposed that myxosporida are a group of the lower metazoa.

It is possible that the so-called spore aging process may in-

volve the escape of the amoeboid sporoplasm from the spore. The

formation of an unrecognized morphological entity from this struc-

ture might take place. This entity may be, or may produce by

sexual or asexual means, the infective unit. Putz (1970) filtered

water known to contain infective units of Myxosoma cerebralis, but

no report of finding spores on the filter pads have been made. Infec-

tions were produced in water passed through a 14 micron filter pad,

but not from one with a 12 micron pore size. The spores are

7. 5 to 9.5 microns in diameter. Pads of smaller pore sizes

placed with fish after infective water was passed through them failed

to produce infections.
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Mud with spring water running over it from the dirt rearing

ponds at the F. C.O. McKenzie River Hatchery was not infective to

juvenile spring chinook. Hoffman, Dunbar and Bradford (1962) in

their summary of the literature on the biology of Myxosoma cerebralis

stated that spores become concentrated in earthen ponds., They sug-

gest that the greater the spore accumulation, the more severe the

epizootics in fish placed in the pond. Tidd and Tubb (1970) placed

mud (which came from a stream receiving effluent water where trout

had whirling disease) in an aquarium, the aquarium was filled with

water and five months later fish were added. All the fish later be-

came infected with Myxosoma cerebralis. Fryer and Sanders (1970)

collected bottom sediments from a lake where annual epizootics of

Ceratomyxa shasta occurred. These sediments were placed in water

in the laboratory. Coho salmon fingerlings contracted the disease 21

days after being placed in the aquarium. The temperature of the

aquarium was held at 20° C. The turnover time for water in the

trough in which my experiments were run was 20 minutes. It is

not known what the turnover time and thus the dilution factor was

in those experiments cited as successful. It is possible that my

attempts at infection were unsuccessful because of the dilution of the

infective material as it came out of the mud. The possibility of a

transport or intermediate host was considered when this experiment

was run. Fish were fed pelleted fish food (0. M. P.) only once per
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week during the first four weeks of the test. Fish were observed

feeding on invertebrates in the trough during this first month. This

test might lend some support to the idea that a transport or intermedi-

ate host is not involved in this cycle. Schafer (1968) exposed fish that

had been starved for 72 hours to water that was infective for

Ceratomyxa shasta. They were then moved to a disease-free wa-

ter supply. Only one fish was found with food in the stomach; how-

ever, all fish became infected with this disease. He also ran an

experiment using a live car covered with a 44 micron screen which

was placed in infective water. Fish were left in it for two hours and

then removed to a disease-free water supply. All fish that had been

placed in the live car became infected. These experiments might

lend further support to the idea that a transport or intermediate host

is not required in myxosporida life cycles. Schafer suggested infective

units may not require ingestion to cause an infection. Hoffman and

Putz (1970) believed they had infected fish with Myxosoma cerebralis

in the pre-feeding stage. This indicates that fish may become infect-

ed by another route. They believed the gills may be involved.

The minimum length of exposure in infective water for infection

by Myxobolus insidiosus was between eight and 22 days (Table 6).

Schafer (1968) reported that infection of susceptible fish by Ceratomyxa

shasta could occur if fish were left in infective water for 15 minutes.

Putz and Hoffman (1966) demonstrated that rainbow trout sac-fry
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exposed for as little as three days to water infective with Myxosoma

cerebralis later were found to be infected. Myxobolus insidiosus

thus requires a longer exposure time than the other species of

myxosporida that have been investigated.

Experiments with M. insidiosus showed that the percent of fish

infected increases with prolonged exposure (Table 6). However,

Table 5 indicates that this holds true only when the exposure is

early in the year. Fish placed in the pond on March 19 all developed

infection, while only 20 percent of those put in the pond on May 29,

became infected. It might be considered that time of exposure to

infected water was less and thus might be a significant variable;

however, the May 29, group lived 107 days in the rearing ponds,

hence this was probably not a factor. Data in Tables 3 and 4 indi-

cated that infection could be detected between 76 and 83 days after

fish were placed in the dirt ponds. When fish were ponded in Febru-

ary, the water temperatures were relatively cold (Figure 21), Fish

exposed to infection in May probably develop the patent disease sooner

because the parasite develops more rapidly at higher temperatures.

In the attempt to avoid infection by delaying the placement of

fish in the McKenzie River Hatchery production ponds until June,

the data collected (Table 7) appeared to prove that the disease had

been avoided. Data from experiments in a previous year (Table 5)

had also indicated that infection might not occur if fish were put into
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the ponds in mid-June. However, there was some question as to

whether infective units were truly absent or if some factor, such as

fish age, size or suppression of the disease by elevated temperature,

might have been involved. Thus, fish were transported to Clackamas

in February and May to determine if either age or size were impor-

tant. Table 8 proves that large fish at one year of age were indeed

infected, but the infection was not apparent until after the animals

were placed in warmer water. Unfortunately, samples of fish were

not periodically returned to a disease-free source in July, August,

September, etc., so that high temperature suppression could be

experimentally evaluated. Examination of the data which are avail-

able (Tables 5, 7 and 8) seems to point to the idea that these animals

were not infected through the summer, but were infected early the

following year, as are unfed fry after being placed in the ponds.

This takes place under normal rearing conditions in mid-February

(Tables 7 and 8). Infected fish could not be found if they were left

at the McKenzie River Hatchery from mid-June of one year to mid-

March of the following year. However, fish of this group isolated in

early February in disease-free warmer (12.3° C.) water, when ex-

amined in June harbored fully formed spores. In contrast to this,

fish of this same group left at the McKenzie River Hatchery until

May 21 then transferred to the warmer spring water for 16 days had

only young pansporoblasts in their muscle tissue when examined in
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June. When fish of the latter group were kept in the spring water

an additional 35 days, spore formation was found to have begun. It

appears that there is a period of time when the water supply at the

McKenzie River Hatchery is not infective. Low temperature delays

the appearance of the prepatent disease so that it is not recognizable

in the muscle. The data indicate that the disease is not present

during periods of high temperature, so suppression by high tempera-

ture is not involved.

A very speculative model of the epidemiology of this disease

might be constructed: Adults spawn and die in an area above the

hatchery water supply in October and November? Spores from their

tissue act as infective units or somehow produce them requiring a

period of time for this aging process to occur. If it is between 3.5

to 4 months, the infective units are present in the water at the time

of the emergence of the wild fish from the gravel in mid-February.

This model would depend upon the premise that the myxosporidan

is tied to the anadromous cycle of the host.

Temperature data from the McKenzie River Hatchery compiled

in Figure 21, indicate that during the first week of May the maximum

temperatures are 50° F. (10° C. ), minimums 43° F. (6. 2° C. ) and

the mean 47° F. (8.4° C. ). It is at this time that the disease can

be found in the musculature. In the laboratory constant water tem-

peratures of 54° F. (12.3° C.) greatly accelerate development of the
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parasite as was shown in Table 8. Schafer (1968) reported that infec-

tion by Ceratomyxa shasta does not take place unless temperatures

are 50° F. (10° C. ) or higher. However, he did find that infections

already established will not be stopped by low temperatures, but the

rate of development of the infection is retarded. At an average tem-

perature of 54° F. (55 ° -56° F.) the time between exposure to C.

shasta and the first symptoms of the disease were reported to be 25

days. The earliest recognizable vegetative stages were found 18

days after exposure to infection. Hoffman, Dunbar and Bradford

(1962) indicated that trophozoites of Myxosoma cerebralis appear

in cartilage about 40 days post exposure to infection. Spores are

produced at between four and six months depending on temperature.

Myxobolus insidiosus has the longest post exposure time to identifi-

able infection of the three species.

It is not known where the structure that develops into the

trophozoite lies during the incubation period in the host. This is

also unknown for Ceratomyxa shasta and Myxosoma cerebralis.

If laboratory infection of myxosporidans can be routinely established,

labeling of infective units with radioactive isotopes should lead to a

solution of this problem.

Leith and Moore (1967) and Bedell (1971) have found that ultra-

violet light will destroy spores of Ceratomyxa shasta. The experi-

ment testing ultraviolet light reported here failed to provide
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conclusive results. Fish in the control tank had a very low incidence

of the disease (2.5 percent of the fish examined). No fish from the

tank receiving ultraviolet light-treated water were found to be infect-

ed. If a reasonable percentage of the control group would have devel-

oped the disease, the results would have been useable.

Spring chinook fingerlings reared in the dirt ponds at the F. C.O.

McKenzie River Hatchery, under the normal rearing program, became

100 percent infected with Myxobolus insidiosus by the time of release.

Fish reared in a steel 1.83 meter circular tank inside the hatching

house at the McKenzie River Hatchery had only a 2.5 percent inci-

dence of the disease. Water supply is exactly the same in both cases,

but the delivery systems differ. The 1.83 meter circular tank is

fed by a 15.2 cm line which runs 183 meters from a concrete head-

box. This line turns upward in the hatching house and enters a

headbox which acts as a small settling basin for silt. The outlet

from it is well above the bottom. Macroscopic invertebrates are

also excluded. Water was jetted into the steel tank creating a circu-

lating current. Effluent water passed out a center drain and the

tank was kept clean. The turnover rate in this tank is also greater

than that of the dirt rearing ponds. Spring chinook reared in the

concrete raceway ponds at the O.G. C. Leaburg Hatchery had a

maximum of 12.5 percent incidence of infection with Myxobolus

insidiosus. These ponds are kept relatively clean and have a higher
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turnover rate than the dirt ponds at the F. C.O. McKenzie River

Hatchery. Wood (1969) ran an experiment at the Washington De-

partment of Fisheries Speelyai Hatchery using two, 1.2 meter cir-

cular tanks stocked with about 1000, 1968 brood, coho swim-up fry

directly from the incubators. Water was piped to the tanks from a

line that feeds the dirt rearing ponds used for production fish. At

the end of the experiment, he found that about 60 percent of the fish

in the circular tanks and in the rearing ponds had spores of Myxobolus

insidiosus in the muscle. His experiment differed from that reported

here in that the tanks (screened to avoid predation) were installed

outdoors; some algae growth accumulate though the tanks were

cleaned weekly; and no headbox structure was ahead of the water

supply to the circular tanks. Which of these factors produced the

differing results is not known. Adult coho salmon have not been in

the water supply above the Speelyai Hatchery for about ten years,

however, native Salmo clarki clarki do occur above the hatchery.

Except for this one case, it would appear that clean rearing areas

with higher water turnover rates tend to reduce the percentage of

infection with this disease. Fantham, Porter and Richardson (1939)

found in their study of myxosporida in fish from Quebec Province,

Canada, that there was a higher incidence of infection in slow running,

meandering streams than in the mountains where water flow was

more rapid. Schafer (1968) as did Sanders, Fryer and Gould (1970),
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found that Ceratomyxa shasta was related to lake-like areas. The

lake-like area just behind Leaburg Dam might be similarly related

to infection of Myxobolus insidiosus.

The only published report of an attempt at chemotherapy against

myxosporidans was reported in and done by Hoffman, Dunbar and

Bradford (1962). They used Acetarsone (Stovarsol) at 10 to 1,000 mg

per kilogram of fish. The preliminary results of their tests were

said to be not promising, either as a suppressant or therapeutic agent

against Myxosoma cerebralis. This drug, N- Acetyl -4- hydroxy -m-

arsanilic acid, is used orally in humans against parasitic intestinal

amoeba, the ciliate Balantidium coli and topically against the flagellate

Trichomonas vaginalis. In veterinary medicine, it is also used

against Trichomonas and another flagellate Histomonas meleagridis.

Furanace, the nitrofuran tested against vegetative stages of myxo-

sporidans in this thesis, was reported by Shimizu and Takase (1967)

to be highly effective in vitro against Trichomonas vaginalis, at 0.1

mcg per ml. Tests against vegetative stages of a Chloromyxum sp.

and Myxobolus insidiosus, at five and ten ppm as a one hour bath,

were ineffective. Possibly, the failure of Acetarsone and Furanace

against myxosporida and their apparent effectiveness against certain

"true" protozoa might in another way reflect the basic phylogenetic

differences of these organisms. It was determined that repeated

treatments of Furanace at ten ppm is fatal to spring chinook
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fingerlings after five treatments given on alternate days.

An experiment was run to determine if a dirt rearing pond at

the old South Santiam River Hatchery was infective for Myxobolus

insidiosus. Fish were placed in the pond in July and evaluated for the

disease in January. Failure of fish to become infected may have

been related to data previously discussed which indicated the

McKenzie River Hatchery water supply was infective from February

through May. Failure to find infected fish at the new South Santiam

River Hatchery may be related to the differing ecology of the reser-

voir from which the water supply is presently being obtained and/or

the dilution factor of such a large body of water and the concrete

ponds. It is possible that a small number of fish are infected and

a sample taken for examination has failed to include one of them.

Examination of muscle tissue from adult spring chinook showed

that spores are probably retained in the musculature throughout their

life cycle. Wood (1969) found coho jacks, which returned to the Lewis

River (Speelyai Hatchery is fed by a tributary of this river) with

spores in their musculature. That salmon die following spawning

may play an important part in the epidemiology of the disease in

certain river systems. The lack of adult fish above the Speelyai

Hatchery in recent times, may indicate an alternate reservoir host

or that waters once infective may remain so by some other means.

Tetracycline marks show that fish from the middle fork of the
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Willamette River stray to the McKenzie River. Spores of Myxobolus

insidiosus in adult chinook returning to Dexter Holding Pond may

indicate that McKenzie River reared fish also stray. The potential

for spread of this disease to other water sheds is apparent.

Tests conducted to evaluate selected chemicals on the destruc-

tion of Myxobolus insidiosus spores in mud show that Calcium hydrox-

ide at concentrations of 0. 25 and 0. 12 percent were most effective.

Hoffman and Putz (1969) found that Calcium hydroxide at 0.5 and 2

percent destroyed spores of Myxosoma cerebralis. Their studies,

which were performed without the presence of mud, demonstrated

that sodium hypochlorite with 1, 600 ppm available chlorine and

Roccal at 200 and 800 ppm also caused spore distortion and death.

Work reported here found these chemicals not as effective as Ca(OH)2.

It is possible that the presence of mud may have produced these dif-

fering results. Control tubes (mud and spores with no chemical)

indicated that anerobiosis and associated bacterial activity is criti-

cal in spore degeneration.

Experiments conducted on the longevity of spores in fish tissue

and at a mud-water interface indicate that the greatest longevity was

for spores at the mud-water interface where water was constantly

flowing by them. Under these conditions viable appearing spores

were no longer found by the 298th day. Hoffman, Dunbar and

Bradford (1962) indicated that spores of Myxosoma cerebralis kept
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in vials at room temperature and 6° C. appeared normal at the end

of 22 months. At three years the sporoplasm had completely dis-

appeared in 85 percent of the spores, and did not appear normal in

the remainder. Bond (1938) studied spores of the genera Myxosoma,

Myxobolus and Myxidium and found that the longest time period before

spore degeneration was at 28 days for Myxobolus bilineatum. Because

other investigators did not place spores in mud, their data are not

comparable with the data presented here.

Egg transmission of Myxobolus insidiosus could not be demon-

strated. No report exists in the literature of transmission of myxo-

sporida on the egg surface or by transovarian means from infected

eggs to non-infected fish.

Studies on infected fish held for a long period of time in disease-

free water indicated that auto-infection by M. insidiosus does not

occur under the conditions under which these tests were run. Auto-

infection has been reported by Debaisieux (1922) for Myxobolus

notatus, a myx.osporidan which lives in connective tissue of stri-

ated musculature. Large cysts were formed. He believed that

blood vessels he saw infiltrating the wall of the cyst picked up spores

and swept them into the circulatory system to other areas of the

muscle where they germinated and formed another cyst. Ganapati

(1941) reported spores of Henneguya otolithi with a single nucleus

in the sporoplasm. The spores were found in a state of diffuse
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infiltration in contact with host tissue of the bulbus arteriosus. He

shows a young trophozoite with a single spore lodged in the cytoplasm.

The spore valves are open. He suggests that the phenomenon of

autoinfection partly accounts for the numerous cysts seen in heavy

myxosporidan infections. No literature clearly confirms his find-

ings. Kudo (1966) summarized the methods of multiplication in the

myxosporida as by repeated binary or multiple fission, budding or

plasmotomy. Perhaps this better answers the question of the origin

of massive infections. In histozoic forms (possibly during the period

between infection and the finding of the disease), some process anal-

ogous to the exoerythrocytic schizogony of malaria may take place.

This would require only a few contacts with infective units to produce

a massive infection. Again, answers to these questions await labora-

tory transmission of these forms.

Wood (1961 and 1968a) suggested that the myxosporidan found

in the musculature of coho salmon fingerlings was Myxobolus

insidiosus. Meristic data presented in Table 14 indicates that this

assumption is correct. Sections showing the shape, size, structure

and location of cysts in the striated musculature also support this

argument.

Meristic data from spores of the myxosporidan found in the

brain and spinal cord of spring chinook fingerlings compares favor-

ably with that presented by Yasutake and Wood (1957) for Myxobolus
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kisutschi from the spinal cord of fingerling coho salmon (Table 15).

One exception is the thickness of the spores. The data they presented

were 3.8 to 3.5 microns thick whereas mine from the chinook were

4.8 (5.0-4.6) microns. M. kisutschi was not reported to form cysts

and was not found in the brain. The form from fingerling spring

chinook, while differing in the above characters, appears to be the

same species. Spring chinook should be considered a new host and

the brain a new site of infection for this myxosporidan.

A search for an alternate reservoir host for Myxobolus insidi-

osus revealed the presence of a myxosporidan in the musculature of

Sa lmo clarki clarki. Vegetative stages of this form could not be

found. Cysts were seen in the center of a bundle of muscle fibers

as in M. insidiosus but, in addition, were found in the intermuscular

connective tissue. Cysts from the muscle of spring chinook are long

and spindle shaped while those from this trout were more oval or

round. Comparison of formalin fixed spores of the two forms reveal

that spores from spring chinook are longer, 14.6 (16.9 -13. 3), against

12.5 (13.3-11.7), and wider, 9.4 (9.9-8.5), against 7.4 (8.4 -7. 3).

Comparison of spore thickness, polar capsule width and lengths show

that the two forms are quite similar. The differences outlined above

have in numerous instances been considered sufficient for the erec-

tion of a new species. As discussed previously, Walliker (1968b)

believed that the genus Myxosoma should be "sunk" and 58 species
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of that genus added to the 209 species of Myxobolus.

In recent years, workers interested in myxosporida have

begun to look seriously at the taxonomic problems involved in gen-

era with a large number of species. Myxobolus has a relatively

simple structure, thus only so many significant non-overlapping

variables are possible. In the descriptions above, the variability

within a particular meristic character of a species is often quite

large. Davies (1968) found that spores of the same species may

vary in size depending on the host, the tissue infected and that spore

structure may vary even with the time of the year. SoVtynska (1967)

studied 14 species of myxosporida from fishes in Zegrze Lake,

Poland. In almost all the species she studied, the range of varia-

bility of spores was greater than that reported for that species when

it was described. She also found spores to have various anomalies

in shape. Lom (1969b) noted that the taxonomic situation in the genus

was chaotic and suggested that some improvement in the situation

might be made by photographic recording of spores with particular

attention given to the shape and number of coils in the polar filament.

While this is a good suggestion for the future, the voluminous litera-

ture which now exists contains few good photographs and many poor

drawings. Meglitsch (1957) also recognized the complexities that

exist between the parasite, host and the physical environment in

myxosporida. His thesis was that new species must take into
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account sufficient data regarding geographical range, organ specifi-

city and genetic variability across the geographical range before new

species should be designated. The Myxobolus sp. from the muscle of

Sa lmo clarki clarki infects a host in another genus. The noted

differences of spore morphology may well be related to differing

hosts. I believe that accurate descriptions of members of the genus

Myxobolus should be continued, but species designation should be

applied only if a form is obviously morphologically unique so that it

will not be confused with others. When a geographical region has

been carefully studied, then species assignments can be logically

made without the likelihood of synonymy. If the biology of the trans-

mission of myxosporida is clarified, then many of the problems re-

garding host, site of infection and the resultant spore variability can

be experimentally elucidated.
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SUMMARY

Myxobolus insidiosus (Wyatt and Pratt, 1963) is a histozoic

myxosporidian from the musculature of Oncorhynchus tshawytscha

(Walbaum). This organism occurs in spring chinook salmon from

the McKenzie River in Oregon where it infects all the hatchery

fingerlings and about 60 percent of the coho salmon (Oncorhynchus

kisutch from the Lewis River and Speelyai Hatcheries in Washington.

The biology of histozoic myxosporida is not well understood. At-

tempts were made to determine the mode of transmission and studies

were conducted on ecological requirements and other details of the

life cycle that occur outside of the host. Alternate reservoir hosts

were also sought.

Experiments in disease-free water supplies where susceptible

juvenile fish were fed fresh tissue containing spores from other

juvenile or adult fish failed to produce disease. Contact experi-

ments, infected juvenile fish placed with non-infected juveniles, also

failed to produce disease. Uninfected juvenile fish continuously ex-

posed to spore-seeded mud which had aged up to 210 days failed to

become infected. Mud from an infective source placed in an experi-

mental trough with spring water running over it failed to produce

infection in juvenile fish exposed to it. The mode of transmission

or the nature of the infective unit was not determined.
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Experiments where susceptible fish were exposed to infection

in water where the disease is endemic provided ecological informa-

tion. The disease appears each year at about the same time. This

coincides with an average daily water temperature near 8.4° C.

(47°F. ). Fish exposed to infective water between eight and 22

days then isolated in disease-free water became infected. If the

exposure was in February and March, increases in exposure time

raised the percent of infection, but adequate exposure in May result-

ed in a reduced incidence of the disease. Data indicate that the

McKenzie River water is probably not continuously infective. Place-

ment of fish in warmer water caused the disease to become patent

and accelerated the time to spore formation. Susceptibility was not

dependent on age or size of fish. Spores were found in adult fish

that had returned to spawn after four years at sea. Transmission

of the disease on or in the egg does not appear to take place. There

was a 12.5 percent disease incidence in fish reared in concrete

raceway ponds. Fish from dirt rearing ponds which were in series

had a 100 percent incidence at the time of liberation. Water turnover

rate appears to be important in the epdiemiology of the disease.

Calcium hydroxide at 0.12 and 0. 25 percent caused spores to

change when tested in mud after 216 hours of exposure. Longevity

tests on untreated spores indicated that spores in mud with water

flowing near them may remain morphologically intact up to 298 days.
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The nitrofuran drug, Furanace, was ineffective against tropho-

zoites of Chloromyxum sp. and vegetative stages of Myxobolus

insidiosus.

A diagnosis of Myxobolus insidiosus in juvenile and adult coho

salmon in the Lewis River in Washington was confirmed.

Autoinfection of juvenile spring chinook with M. insidiosus

could not be confirmed. Compact nodular areas made up of fibro-

blasts and mesenchyrnal-like cells were found in areas of striated

muscle where cysts once occurred.

A Myxobolus sp. from striated muscle of Salmo clarki clarki

(Richardson) is discussed. Cysts were found in bundles of muscle

cells and in intermuscular connective tissue. The spore morphology

and connective tissue location differ from that of Myxobolus insidiosus.

Myxobolus kisutchi (Yasutake and Wood) originally described

from the spinal cord of coho salmon fingerlings was found in cysts in

the brain and outside of distinct cysts in the spinal cord of spring

chinook fingerlings. This host, site of infection and formation of

cysts are new.



Figure 1. Photomicrograph of a longitudinal section of muscle
with cysts containing Myxobolus insidiosus spores
(100 X).

Figure 2. Photomicrograph of a cross section of muscle in-
fected with Myxobolus insidiosus (100 X).

C Cyst.
FS Free spores.
T Trophozoite.

Figure 3. Photomicrograph of Myxobolus insidiosus spores stained
with Ziehl-Neelson's carbol fuchsin and
LOefflers methylene blue showing the extrud-
ed polar filaments (900 X).

Figure 4. Photomicrograph of fresh Myxobolus insidiosus
spores after treatment with Lugol's iodine
(900 X).

Figure 5. Photomicrograph of a fresh Myxobolus insidiosus
spore (900 X).
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Figure 6. View of steel framed aquaria with associated water
supply used in spore aging experiments.

Figure 7. Detail of aquarium with spore-seeded mud and
experimental fish.

Figure 8. View of fiberglass troughs used in experiments for
testing the infectivity of McKenzie River Hatchery
pond mud and for holding other experimental groups
of fish.
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Figure 9. View of the Eugene Water and Electric Board Canal
at the intake structure for the water supply to the
F. C.O. McKenzie River Hatchery.

C Canal.
H Headbox.
CB Canal bank through which pipe from

canal runs.

Figure 10. View of the water supply system for the F. C.O.
McKenzie River Hatchery after it passes through
the bank of the Eugene Water and Electric Board
Canal and goes under the highway to the hatchery
grounds.

D Ditch carrying water to hatchery
grounds.

P Pipe which runs from headbox at canal
to headbox on hatchery grounds.

H Headbox on hatchery grounds which
supplies water to the hatching house
via underground pipeline.

Figure 11. Detail of the headbox and ditch which feeds the
rearing ponds at the F. C.O. McKenzie River
Hatchery at the point where the water supply
enters the hatchery grounds.

D Ditch.
P Pipe into headbox.
H Headbox.
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Figure 12. View of the dirt rearing ponds in series at the
F. C.O. McKenzie River Hatchery.

Figure 13. View of the dirt rearing ponds at the F. C.O.
McKenzie River Hatchery and the front of the
hatching house.

H Hatching house.

Figure 14. View of the rear portion of the hatching house at
the F. C.O. McKenzie River Hatchery where the
pipeline which feeds the incubator headbox enters.
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Figure 15. View looking down on the headbox and incubators
in the hatching house at the F. C.O. McKenzie
River Hatchery.

P Pipe which turns upward to supply
the headbox.

0 Outlet from headbox. These were
plumbed to the ultraviolet light sys-
tem and later supplied the circular
tanks.

HB Headbox.

Figure 16. Face view of incubation facilities in hatching house
at the F. C.O. McKenzie River Hatchery.

HI Heath egg incubator trays.

Figure 17. PVC-2 ultraviolet sterilizer.
UVL Ultraviolet lamp.
PS Power supply.
AC Annular chamber.
QS Quartz sleeve.





Figure 18. Lake behind Leaburg Dam on the McKenzie River.

I Intake structure for the water supply
to the O.G. C. Leaburg Hatchery.

Figure 19. Concrete raceway ponds at the O.G. C. Leaburg
Hatchery. The triple inlet structures are at the
far end of the ponds.

Figure 20. Stream which carries effluent from F. C.O.
McKenzie River Hatchery ponds to the McKenzie
River.
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Figure 23. Cross section of striated musculature of spring
chinook fingerling showing nodular anomalies
(100 X).

N Nodule.

Figure 24. Cross section of striated musculature of spring
chinook fingerling showing nodular anomaly
(200 X).

Figure 25. Cross section of striated musculature of coho
fingerling showing nodular anomaly with a few
spores retained (450 X).

S Spore.
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Figures 26, 27, 28. Drawings made with the aid of a Leitz
drawing lens of formalin fixed spores
from the muscle of Salmo clarki clarki.
Scale as in Figure 28.

26) Face view.
27) Side view.
28) End view.





Figures 29, 30, 31. Photomicrographs of formalin fixed
Myxobolus sp. spores from the muscle
of Salmo clarki clarki (900 X):

29) Face view.
30) Side view.
31) End view.

Figure 32.

Figure 33.

E Spores in end view.

Photomicrograph of a cross section of
striated musculature from Salmo clarki
clarki showing a circular cyst with
Myxobolus sp. spores (450 X).

Photomicrograph of a cross section of
striated musculature from Sa lmo clarki
clarki showing an ellipsoidial cyst with
Myxobolus sp. spores (450 X).

Figure 34. Photomicrograph of a longitudinal section
of striated musculature from Salmo clarki
clarki showing spores in the intermuscular
connective tissue (450 X).

S Spores.

Figure 35. Photomicrograph of formalin fixed muscle
tissue of Salmo clarki clarki showing spores
teased from the connective tissue areas
(450 X).
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Figure 36. Photomicrograph of stained Myxobolus kisutchi
spores in a cyst in the cerebral hemisphere of a
spring chinook fingerling (900 X).

Figure 37. Photomicrograph of a section of two cysts in the
cerebral hemisphere of a spring chinook finger-
ling (100 X).

C Cyst.

Figure 38. Photomicrograph of a section of the cerebral
hemisphere from a spring chinook fingerling
showing a cyst (200 X).

C Cyst.
N Nerve cell body lying near a cyst

showing a nucleus with a prominent
nucleolus.

Figure 39. Photomicrograph of stained spores of Myxobolus
kisutchi in the spinal cord of a spring chinook
fingerling (900 X).
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