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This project was initiated to determine the incidence, distri- 

bution and species of fish affected by Ceratomyxa shasta in Oregon 

waters. Returning adult Pacific salmon and steelhead trout were 

chosen for the survey because they were known to be susceptible to 

infection. The parasite was also believed to be an important cause 

of prespawning losses. 

All coho salmon samples obtained from the Columbia River 

basin contained individuals infected with Ceratomyxa shasta. The 

infection was greatest at the Bonneville and Sandy hatcheries, where 

approximately 75 percent of the fish examined were infected. The 

only coastal sample found to contain coho salmon infected with Cera- 

tomyxa shasta was taken from the Nehalem River. Fish that reached 

the hatchery but died before the start of spawning operations were 

obtained from the Klaskanine and Sandy hatcheries. The incidence 
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of Certaomyxa shasta infected fish in these samples was in both 

cases greater than in samples obtained during spawning. 

Spring chinook obtained from coastal river locations (Trask and 

Rock Creek hatcheries) were not infected with this parasite. In- 

fected spring chinook were found in all Willamette River tributaries 

surveyed. The incidence was greatest (28 percent at Dexter Dam) 

in fish which had migrated the farthest distance up the river. 

Ceratomyxa shasta in dead fish obtained from the Dexter Dam hold- 

ing pond was over twice that found in spawned fish from this location. 

The incidence and distribution of Ceratomyxa shasta in fall 

chinook salmon was different from that found in coho or spring 

chinook. The coastal sample obtained from the Trask Hatchery con- 

tained one infected individual. The Klaskanine River was the only 

tributary on the lower Columbia that contained infected fall chinook, 

eight percent of these fish were infected. The infection was much 

greater in fall chinook sampled at the Oxbow Hatchery (Snake River) 

than in fish obtained from sites on the lower Columbia River. Sixty - 

five percent (65%) of the fish from this hatchery were infected. The 

incidence of Ceratomyxa shasta in prespawning mortalities at the 

Oxbow Hatchery (Snake River) was identical to that found in adults 

killed at spawning. 

Samples of steelhead trout obtained from the Big Creek 

Hatchery and Pelton Dam contained fish infected with this disease. 



The number of spores per smear of infected steelhead tissue was 

low when compared to the number observed in smears from coho 

and spring chinook. No steelhead mortalities were obtained. 

The incidence of Ceratomyxa shasta in adult salmonids does 

not appear to be related to the sex of the animals. The disease in- 

cidence appears to be related to the distance and rate of migration. 

Infections in adult salmonids caused by Ceratomyxa shasta 

probably occur during the freshwater phase of their life cycle. 

Geographically, Ceratomyxa shasta is widely distributed 

throughout the survey area. The parasite was found in all areas of 

the Columbia River basin sampled. Coastal river systems found to 

contain infected fish were the Nehalem and possibly the Trask. The 

incidence of Ceratomyxa shasta in coastal rivers decreased progres- 

sively from the Columbia River southward. 
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OCCURRENCE OF THE PROTOZOAN PARASITE 
CERATOMYXA SHASTA AMONG SALMONID 

FISHES IN OREGON WATERS 

INTRODUCTION 

Ceratomyxa shasta was originally described by Noble (10, 

p. 457 -460) in 1950 from rainbow trout obtained from Crystal Lake 

Hatchery, Shasta County, California. Subsequent to this observation 

Ceratomyxa shasta was noted in returning adult salmon by various 

investigators at certain locations throughout Oregon. These obser- 

vations suggested that Ceratomyxa shasta could be an important con- 

tributor to prespawning mortalities among returning adult salmon. 

The observations and possible pathogenicity in Oregon salmon to- 

gether with the pathogenicity exhibited by Ceratomyxa shasta among 

rainbow trout at Crystal Lake Hatchery, California, were the basis 

for the current work. 

The purpose of this study was to determine the prevalence of 

the protozoan parasite Ceratomyxa shasta among salmonid species 

in Oregon rivers. Objectives of primary importance were the deter- 

mination of species infected, the incidence in these species, the dis- 

tribution of the organism throughout Oregon and the pathogenicity of 

Ceratomyxa shasta towards its hosts. 

Sites selected for sampling were divided into two major geo- 

graphical areas: (1) Oregon rivers in the Columbia River basin 
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and (2) Oregon coastal rivers. The principle species examined were 

spring and fall chinook (Oncorhynchus tshawytscha Walbaum), coho 

salmon (O. kisutch Walbaum) and steelhead trout (Salmo gairdneri 

Richardson). Visceral samples of adult spawning salmon and steel - 

head trout were collected during the egg taking operations at selected 

sampling sites. 
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LITERATURE REVIEW 

The protozoan Ceratomyxa shasta (Noble) is a member of the 

genus Ceratomyxa ( Thelohan ), order Myxosporidia (Butschli), class 

Cnidosporidia (Doflein). Cnidosporidia are parasites of lower verte- 

brates, especially fishes, and invertebrates. This class is charac- 

terized by the production of a spore containing up to six polar fila- 

ments and from one to many sporoplasms (7,p. 774 -806). Spores, which 

are thought to function in transmission from host to host are more 

resistant to unfavorable environmental conditions than the various 

vegetative and reproductive stages involved in the life cycles of these 

organisms. The spore wall or coat which envelopes the sporoplasm 

is usually made up of several valves. These valves are the point at 

which rupture occurs during germination. Identification and species 

differentiation within the Cnidosporidia is based solely upon the 

morphological characteristics of the spore. 

Spore germination involves the firing or release of the polar 

filaments and the rupture of the spore wall releasing the enclosed 

amoebula. Polar filaments, which may be induced in vitro to fire by 

the addition of various external stimuli (mechanical pressure, 

numerous chemicals, drying etc. ) are thought to function as organs 

of attachment. They are readily visible under the light microscope 

(440x) and vary from 20 to 50 microns in length. 
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Transmission to a new host is thought to occur by ingestion of 

spores. Spore germination and initial penetration by the amoebula 

probably occurs in the intestine of the host. Digestive enzymes and . . 

pH are probably involved in spore rupture and germination in vivo. 

The amoebula may either remain in the gut epithelium or be carried 

by the hosts circulatory system to other organs. Nutrition is ob- 

tained by the enzymatic breakdown of surrounding host tissue. The 

usual host reaction to histozoic Myxosporidia is to wall off the in- 

fected area. Cyst formation is a characteristic common to the ma- 

jority of Myxosporidian infections (7, p. 774 -806), 

Approximately one hundred species of Ceratomyxa have been 

described. Spores produced by species of this genus are laterally 

prolonged with the breadth of the spore more than twice the sutural 

diameter, Excepting Ceratomyxa shasta all species of this genus 

are coelozoic inhabitants of marine fish. The lumen of the gall and 

urinary bladders are the usual sites of involvement. The only areas 

of the world reasonably well investigated for Myxosporidia are fish 

collected from waters off the eastern United States and Europe. 

These areas account for the majority of species of Ceratomyxa and 

of most other Myxosporidian genera (7, p. 774 -806 and 9, p. 265- 

356). 

Some 25 species of Ceratomyxa have been found in fishes in- 

habiting the North Pacific. According to Jameson (5, p. 59 -68) 

. 
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Fujita in 1923 described the first species of Ceratomyxa from North 

Pacific Ocean fishes. These species were found in samples collected 

from waters off the coast of Japan. Jameson(5, p. 59 -68 and 6, p. 59- 

69) described 12 new species of Ceratomyxa and noted the presence 

of two others described earlier by Fujita in samples of marine fish 

obtained from waters off the coast of central and southern California. 

The extreme abundance of Myxosporidia among North Pacific fishes 

was clearly demonstrated by Jameson, 27 of the 36 species of fish 

examined by him were infected (5, p. 59 -68). In 1938 Noble (11, 

p. 441 -442) described an additional species of Ceratomyxa from a 

tide pool fish (Hypsoblennius gilberti Jordan) common along the 

California coast. 

The description of Ceratomyxa shasta sp. n. by Noble (10, 

p. 457 -460) in 1950 from rainbow trout (Salmo gairdneri Richardson) 

represents the first species of the genus Ceratomyxa observed in 

freshwater fish. The rainbow trout specimens were obtained from 

Crystal Lake Hatchery, Shasta County, California. Vegetative and 

reproductive stages of the parasite were distributed throughout the 

tissues of almost all visceral organs. The infection was especially 

severe in intestinal tissues. Structures other than visceral organs, 

such as the skin and gills were also infected. These observations by 

Noble also represent the first report of a species of the genus Cera- 

tomyxa capable of tissue parasitism. 
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Spores of Ceratomyxa shasta as described by Noble have the 

following dimensions; length 14.0 microns, width at suture line 6. 0 

microns and polar capsule diameter 1.8 microns. The spore ends 

were broadly rounded and reflected posteriorly, often so acutely that 

the ends almost meet. Spore arching observed by Noble in this 

species was greater than in any previously reported species of Cera- 

tomyxa. The suture line was straight, raised and distinct. No 

striations occurred on the shell valves. The polar capsules were 

adjacent to each other at the anterior end of the spore. The sporo- 

plasm filled the spore. 

According to Noble the outbreak of infection occurring during 

the summer of 1949 was more severe than that occurring during the 

preceding summer, by September of 1949 all the rainbow trout 

fingerlings held at Crystal Lake Hatchery had died from the parasite. 

Wales and Wolf (15, p. 183-187) conducted further studies on 

Ceratomyxa shasta at Crystal Lake Hatchery. They were unable to 

find the parasite at any other hatchery or in wild fish obtained from 

areas outside the immediate area of Crystal Lake Hatchery. At- 

tempts to eradicate wild fish from Crystal Lake were unsuccessful, 

epizootics caused by Ceratomyxa shasta continued until water from 

a different source, Rock Creek, was piped to the hatchery. This 

change resulted in an almost complete disappearance of the disease. 

Wales and Wolf were unable to find Ceratomyxa shasta in 
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brook trout (Salvelinus fontinalis Mitchill) and brown trout (Salmo 

trutta Linnaeus) raised in Crystal Lake water. Rainbow trout spawn- 

ing stocks and juveniles were the only fish found infected with Cera- 

tomyxa shasta. Attempts to transmit the disease were unsuccessful. 

Symptoms frequently exhibited by diseased individuals were a 

distended coelom andprotruding eyes. Diseased fish became sluggish 

and sought quiet, shallow areas of the raceway. 

In the spring of 1952 Ceratomyxa shasta was tentatively identi- 

fied as responsible for a fish kill at La Camas Lake, Clark County, 

Washington'. The species involved were rainbow and several cut- 

throat trout (Salmo clarki Richardson). 

Wood (17, p. 106-107) in 1960 identified Ceratomyxa shasta 

as the agent responsible for the death of a number of coho salmon 

(Oncorhynchus kisutch Walbaum) held for maturation in the Yakima 

River. Studies indicated that these fish probably contracted the 

disease after reentering fresh water on their spawning migration. 

According to Wood, infections in Washington caused by this parasite 

appear to be confined to the Columbia River system. 

In Oregon the first observation of an infection caused by Cera- 

tomyxa shasta occurred in 1954. Wood and Wallis (18, p. 32 -40) 

found spores of the parasite in adult spring chinook (Oncorhynchus 

1 Personal communication, Mr. D. C. Lavier, District Fish 
Biologist, Department of Game, Kelso, Washington. 
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tshawytscha Walbaum) returning to the Dexter Dam holding pond on 

the middle fork of the Willamette River. Fryer and Conrad (3, p. 99- 

100) noted an infection caused by Ceratomyxa shasta in an adult 

spring chinook. 

Conrad and Decew (1, p. 238) in 1965, found infections caused 

by Ceratomyxa shasta among juvenile coho salmon at Bonneville 

Hatchery and juvenile spring chinook salmon and steelhead trout at 

Pelton Experimental Hatchery. These observations represent the 

first known occurrence of Ceratomyxa shasta in juvenile salmonids 

in Oregon. Fifteen percent of the spring chinook and 58 percent of 

the steelhead at Pelton Hatchery died from this disease. The inci- 

dence of infection among Bonneville Hatchery coho declined soon 

after Columbia River water was eliminated from the hatchery supply. 

Members of the Oregon Fish Commission conducted field ob- 

servations concerning Ceratomyxa shasta during the 1961 spawning 

season at Dexter Dam holding ponds on the Willamette River and 

during the 1963 spawning season at Oxbow Hatchery on the Snake 

River. The results and conclusions presented here are drawn from 

progress reports covering these studies. 

Seventy -seven adult spring chinook from the Dexter Dam hold- 

ing pond (12, p. 7-12) were examined for infections caused by the 

parasite, 62 percent of these fish were infected. Symptoms exhibited 

by adults dying from Ceratomyxa shasta were noted. Externally 
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these fish were swollen, internally the visceral cavity was fluid 

filled, the kidney was often swollen and the intestine generally per- 

forated. 

The effect of time on the incidence of Ceratomyxa shasta was 

also studied. Fifty small male adult spring chinook (jacks) were 

placed in a holding pond and examined periodically. The incidence 

of infection (20 percent at the start of the experiment) did not in- 

crease during the four month period of observation, however, the 

number of spores per individual fish appeared to increase. 

Ten adult fall chinook mortalities, selected randomly, were 

obtained from the Oxbow Hatchery (Snake River) (13, p. 1 -5). These 

fish were examined for infections caused by Ceratomyxa shasta. 

Spores were found in the gall bladder of four fish and in the intestine 

of three fish. The dimensions of both stained and unstained spores 

were almost identical. The average spore length was 17.0 microns, 

width 6.4 microns and polar capsule diameter 2. 1 microns. 

Species of Myxosporidia belonging to genera other than Cera- 

tomyxa also infect freshwater and anadromous salmonids inhabiting 

waters along the Pacific slope of North America. Several of these 
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species were identified or tentatively identified from tissues 

examined during this study. These species will be discussed briefly 

here, in order to prepare the reader for their mention later in the 

text. 

Henneguya salmonicola n. sp. was described by Ward (16, 

p. 49 -64) in 1919 from cysts in the musculature of a coho salmon. 

In a study conducted some years later by Fish (2, p. 169 -172) infec- 

tions caused by this parasite were found not only in coho salmon but 

in pink (Oncorhynchus gorbuscha Walbaum), chinook and possibly 

chum salmon (O. keta Walbaum). According to Fish, pink salmon 

are the most heavily infected species with as many as ten percent of 

all the fish in certain runs of southeastern Alaska being infected. 

Henneguya salmonicola is, according to Fish, endemic to south- 

eastern Alaska although infected materials were obtained from areas 

as far south as the Columbia River. 

Spores of Henneguya salmonicola are tadpole shaped in top view 

with two long parallel spines projecting from the posterior end (side 

opposite the polar capsules) of the spore. Spores measured by Ward 

varied in overall length (including the spines) from 41 to 52 microns. 

Cysts caused by this parasite may reach six millimeters in diameter. 

Chloromyxurn wardi n. sp. was described by Kudo (8, p. 99) 

in 1920 from the gall bladder of a sockeye salmon (Oncorhynchus 

nerka Walbaum) obtained from Klutina Lake, Alaska. 
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The presence within the spore of four polar capsules is the 

primary characteristic used in identifying a member of the genus 

Chloromyxum. Spores of Chloromyxum wardi as described by Kudo 

are circular and range from 7. 5 to 9 microns in diameter and con- 

tain four polar capsules each 3 by 2. 5 microns in size. 

Myxosoma squamalis n. sp. was described in 1954 by Iverson 

(4, p. 397 -404) from cysts found within the scales of various sal - 

monids. Heavy infections caused by this parasite apparently con- 

tributed to an increase in mortalities experienced by several com- 

mercial trout farms in the Seattle- Olympia area of Washington prior 

to 1954. Species infected were rainbow trout, and chinook, coho and 

chum salmon. 

Species of Myxosoma produce spores which are ovoidal in top 

view and flattened in side view, with the greatest spore diameter oc- 

curring along the sutural line. Myxosoma squamalis as described 

by Iverson is one of the smallest members of the genus, all spore 

dimensions are less than ten microns. 

Chloromyxum majori n. sp. was described in 1957 by Yasutake 

and Wood (20, p. 633 -637). The parasite was first observed in rain- 

bow trout taken from Major Creek in Klickitat County, Washington, 

subsequent observations occurred in a steelhead trout (Salmo 

gairdneri Richardson) obtained from the Sandy River in Oregon and 

in chinook salmon samples obtained from two Washington hatcheries. 
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Studies indicated that Chloromyxum majori was a coelozoic parasite 

of kidney glomeruli. 

Species of Chloromyxum as discussed earlier are morpho- 

logically distinct because of the presence in the spore of four polar 

capsules. Spores of Chloromyxum majori, measured by Yasutake 

and Wood, in 1957, ranged from seven to eight microns in diameter 

and contained four polar capsules each approximately four microns 

in diameter. 

Myxidium minteri n. sp. was described in 1957 by Yasutake 

and Wood (20, p. 633 -637). Infections caused by this parasite were 

found in crook, rainbow and steelhead trout and chinook and coho 

salmon. Myxidium minteri was observed in samples obtained from 

numerous Washington and Oregon locations. Kidney tubules were 

the primary sites of infection. 

Spores containing two polar capsules each lying at opposite 

ends of the spore are characteristic of the genus Myxidium. Spores 

of Myxidium minteri examined by Yasutake and Wood were oval and 

ranged from 9. 3 to 12.6 microns in length and six to seven microns 

in width. 

Wyatt and Pratt (19, p. 951 -955) in 1963 observed and de- 

scribed a species of Myxobolus parasitizing spring chinook salmon 

fingerlings at the Oregon Fish Commission's South Santiam and 

McKenzie River hatcheries. Fish infected with this parasite, 
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designated Myxobolus insidiosus n. sp. by Wyatt and Pratt showed a 

gradual deterioration in health. Symptoms exhibited by infected ani- 

mals were swollen circular body areas often lacking scales and 

frayed fins and tails. Progress of the disease was evidenced by a 

lowering of the hematocrit and hemoglobin values of infected fish. 

Cysts caused by this parasite were found in muscle tissue, free 

spores were found in kidney, spleen, liver and gill capillary prepa- 

rations. 

The presence in the sporoplasm of an iodinophilous vacuole is 

the primary morphological characteristic used in identifying the 

genus Myxobolus, especially from the genus Myxosoma. Spores of 

Myxobolus insidiosus as described by Wyatt and Pratt are pyriform 

in side view, contain a deeply staining iodinophilous vacuole and 

average 15 microns in length, 10 microns in width and 7 microns in 

thickness. 
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MATERIALS AND METHODS 

Species Sampled 

The majority of samples collected were obtained from the 1965 

fall and winter salmon and steelhead trout migrations. Several sam- 

ples were also collected from the 1966 migration. This material was 

selected to yield additional data or to confirm results obtained from 

the 1965 migration. Returning adult salmon and steelhead were 

chosen for the survey because they were known to be susceptible to 

infection and the disease was believed an important contributor to 

prespawning losses. Resident freshwater fishes were obtained at 

irregular intervals when available. All samples of resident fishes 

were obtained from sites located within the survey area. 

The main species sampled were spring and fall chinook 

pncorhynchus tshawytschaWalbaum), coho salmon(O. kisutch Walbaum), 

and steelhead trout (Salmo gairdneri Richardson). Other species 

sampled and examined whenever possible were chum salmon (O. keta 

Walbaum), rainbow trout (S. gairdneri Richardson), cutthroat trout 

(S. clarki Richardson), brown trout (S. trutta Linnaeus), brook trout 

(Salvelinus fontinalis Mitchill), white fish (Prosopium williamsoni 

Girard), suckers (Catostomus macrocheilus Girard), squawfish 

(Ptychocheilus oregonensis Richardson) and chub (1- lybopsis crameri 

Snyder). 
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Sampling Procedures 

Visceral samples of migrating salmonids were easily obtained 

during the fall and winter egg taking operations at the sampling sites. 

Samples were taken at the peak of spawning from selected locations. 

Approximately 50 fish about equally divided between males and fe- 

males were taken from each location. Samples of all available 

salmonid species were obtained from each site. Whenever possible 

visceral samples were also obtained from salmon that died in the 

holding pond prior to spawning. 

Samples of resident freshwater fishes were collected from 

hatchery broodstocks, trapping facilities, seining of holding ponds 

and by hook and line. 

The entire visceral contents of both anadromous and fresh- 

water fishes with the exception of the kidney and heart were taken, 

individually bagged, labelled according to date, species, location, 

sex and fork length then frozen until ready for examination in the 

laboratory. 

Sampling Locations 

Sites selected for sampling were divided into two major areas: 

(1) Oregon streams in the Columbia River basin and (2) Oregon 

coastal rivers. 
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Columbia River basin sampling sites began near the mouth of 

the Columbia at the Klaskanine Hatchery, located on the Klaskanine 

River, and continued upriver to and including the Oxbow Hatchery on 

the Snake River. In between, samples were obtained from many of 

the Columbia River basin tributaries located in Oregon (Figure 1). 

No fish were collected from spawning beds in the mainstream 

Columbia River. Fall chinook salmon were taken at The Dalles Dam 

to measure the incidence of the disease at this point. 

Five river systems were included in the survey of coastal 

areas (Figure 1). The Nehalem, the northern most coastal river 

surveyed, is the first major stream south of the Columbia River. 

The southern most river sampled to determine the incidence of 

Ceratomyxa shasta was the Umpqua. This river drains coastal 

areas and part of the Cascade Range. Other coastal rivers sampled 

were the Trask, Siletz, and Alsea (Figure 1). 

Methods of Examination for Ceratomyxa 
shasta Infections 

Smears prepared from various tissues were air dried and 

stained by the Ziehl -Neelsen method for acid -fast bacteria (14, p. 18). 

The first step in the staining procedure was modified slightly by 

omitting the heating of the carbol fuchsin. 

During the initial stages of the survey, smears were made of 
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all the visceral organs and of other structures such as the eye, 

musculature and gills. As work progressed, it was determined that 

while spores occasionally could be found in all the organs mentioned, 

only the intestine and gall bladder yielded consistent positive results. 

The values found in the accompanying tables are based on the finding 

of one or more spores in either or both of these organs. 

The differentiation obtained by this staining procedure revealed 

red polar capsules against a bluish sporoplasm and background. In 

thicker areas of the smear the sporoplasm often could not be seen; 

therefore, the polar capsules were the main means of identification. 

A Leitz Ortholux research microscope was used for examining 

tissue smears. Routine searching was performed using high power 

magnification (440x); final confirmation, if necessary, was performed 

using an oil immersion objective (970x). 

Methods Used for Measuring Spores 
of Ceratomyxa shasta 

Spore measurements were made with both live and stained 

specimens. Live specimens were measured in wet mounts, under a 

coverglass and suspended in the host's tissue fluids. Stained speci- 

mens were fixed in Schaudinn's fluid (7, p. 1076 -1077) and stained 

with Giemsa's stain (7, p. 1079). Spore dimensions were determined 

under oil immersion magnification (970x) using a Leitz Ortholux 

research microscope calibrated in microns with Bausch and Lomb 

stage and ocular micrometers. 
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OCCURRENCE OF CERATOMYXA SHASTA 

Description of the Spore of Ceratomyxa shasta 

Except for a slight difference in size, spores observed in 

Oregon salmon appeared identical to those described by Noble (10, 

p. 457 -460) from rainbow trout. Spores measured had a suture line 

which was straight, raised and distinct, lacked striations on the 

shell valves and contained a sporoplasm which completely filled the 

spore. The extreme arching of the spore mentioned by Noble was 

frequently observed. 

Spore dimensions reported by Noble from fixed and stained 

specimens were below the average values obtained for Schaudinn's 

fixed and Giemsa's stained spores from Willamette River spring 

chinook (Table 1). Fixed and stained spores from these fish averaged 

16. 5 microns in length, 7. 7 microns in width at the suture line and 

had a polar capsule diameter of 2. 4 microns. The values reported 

by Noble after similar spore measurements were 14. 0 microns, 

6.0 microns and 1.8 microns2respectively. These 

values although smaller are nonetheless within the range of values 

obtained for spores from tissues of Willamette River spring chinook. 

2lncorrectly printed as 8 microns. Noble in a personal com- 
munication indicated the correct value to be 1. 8 microns. 



Table 1. Measurements of spores of Ceratomyxa shasta and values compared with those obtained 
by Noble. 

Species 
of fish 

infected 
Method of 

preparation 

Measurements in microns 
Number 
spores 

measured 
Spore 
length Range 

Spore 
width Range 

Polar 
capsule 

diameter Range 

Spring Live 17.9 14.0- 7.9 6. 2- 2.9 2. 2- 25 
chinook 21. 0 9. 8 3. 7 

Schaudinn's 
Fixative 16. 5 11. 4- 7. 7 4. 2- 2. 4 1. 7- 25 
Giemsa stain 20.1 9.7 3. 0 

Rainbow 
trout, 
Noble (10, 

Fixed and 
stained 
method 14.0 6. 0 1.8 - unknown 

p. 457 -460) unknown 
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Figure 2. Photomicrograph showing live unstained spore of 
Ceratomyxa shasta (approximately 1400x). 
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Fixing and staining procedures such as those used before 

measuring spores from Willamette River spring chinook caused a 

decrease in average spore size. Spores treated by these procedures 

were on the average 7. 7 percent shorter in length and 2. 5 percent 

narrower in width than live spores measured from the same speci- 

mens (Table 1). The polar capsules in fixed and stained spores 

were also smaller in diameter (17. 0 percent) than those in live 

spores. 

Incidence of Ceratomyxa shasta in Coho Salmon 

Spawned (Killed) Samples - Coho Salmon 

Coho salmon were obtained from sites on the lower Columbia 

and coastal rivers. All Columbia River basin samples contained 

individuals infected with Ceratomyxa shasta (Table 2). Approxi- 

mately 55 percent of the coho from locations near the mouth of the 

Columbia River at Klaskanine and Big Creek hatcheries were in- 

fected. Farther up the Columbia at Bonneville and Sandy hatcheries 

approximately 75 percent of the fish were infected. Sixty -four per- 

cent of the coho obtained from the Oxbow Hatchery during the 1966 

migration were infected. This station, represents the farthest up- 

river location at which coho were obtained. Eagle Creek National 

Fish Hatchery on Eagle Creek, a tributary to the Clackamas River 



Table 2. Incidence of Ceratomyxa shasta in spawned (killed) adult coho salmon. 
Males Females Total Total Total 

Location Number Percent Number Percent number number percent 
Year examined infected examined infected examined infected infected 
1965 

Sandy Hatchery 27 85 65 76 92 72 78 

Bonneville Hatchery 17 71 30 77 47 35 75 

Eagle Creek National 
Fish Hatchery 22 18 28 21 50 10 20 

Big Creek Hatchery 19 63 30 53 49 28 57 

Klaskaninc Hatchery L11 Q.7 i\Q111111i Hatchery 111..1 i 19 19 74 25 40 44 24 55 

Nehalem Hatchery 25 28 25 36 50 16 32 

Trask Hatchery 24 0 27 0 51 0 0 

Siletz Hatchery 26 0 25 0 51 0 0 

Alsea Hatchery 25 0 26 0 51 0 0 

1966 

Oxbow Hatchery 8 75 25 60 33 21 64 

Nehalem Hatchery 25 8 25 12 50 5 10 
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represents the other inland site where coho were sampled. Twenty 

percent of the adult coho examined here were infected with Cerato- 

myxa shasta. 

The only coastal river sample found to contain coho infected 

with Ceratomyxa shasta was taken from the Nehalem River. The in- 

cidence at this location was 32 percent (Table 2). During the 1966 

migration another coho sample was obtained from this location. Ten 

percent of these fish were infected. Sea -run, troll caught coho 

salmon were collected from the ocean near Reedsport, Oregon. No 

infected animals were found in the 49 fish obtained by this method. 

Prespawning Mortalities - Coho Salmon 

Samples of adult coho that reached the hatcheries or holding 

ponds but died before the start of spawning operations were obtained 

from the Klaskanine and Sandy hatcheries. The incidence of Cera- 

tomyxa shasta infected fish in these samples was in both cases 

greater than the incidence in samples obtained during spawning 

(killed). Seventy -six percent of the mortalities obtained from the 

Klaskanine Hatchery were infected with Ceratomyxa shasta (Table 3). 

This is 22 percent greater than in the sample obtained from coho 

killed at spawning. Ninety -two percent of the mortalities obtained 

from the Sandy Hatchery were infected with Ceratomyxa shasta. 

This was 14 percent higher than in the killed sample of fish 



Table 3. Incidence of Ceratomyxa shasta in adult coho salmon mortalities, 1965. 

Location 

Males Females Total Total Total 
Number Percent Number Percent number number percent 

examined infected examined infected examined infected infected 

Sandy Hatchery 28 100 11 73 39 36 92 

Klaskanine Hatchery 0 - 25 76 25 19 76 
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examined at this location. 

Early Migration, Late Migration of Bonneville Hatcher,- 
Coho Salmon 

The spawning migration of adult coho returning to Bonneville 

and Cascade hatcheries occurs in two phases. An early migration 

reaches these stations during the latter part of August and the first 

half of September and a later migration occurs in October and 

November. This gave an opportunity to determine the incidence of 

Ceratomyxa shasta in coho returning to these stations at different 

time intervals. 

Seventy -five percent of the late migration at Bonneville 

Hatchery was infected with Ceratomyxa shasta (Table 4). This con- 

trasts strikingly to the early migration in which no infected fish 

were found. Early run coho returning to the Cascade Hatchery were 

also not infected (59 fish examined). A sample was not obtained 

from the late coho migration returning to Cascade Hatchery. 

During 1966 the early migration of coho salmon returning to 

Bonneville Hatchery was again examined. Again no infected fish 

were found (Table 4). In addition to this killed sample two other 

groups (50 fish each) were placed in each water supply used at the 

hatchery. The water supplies available to Bonneville Hatchery are 

Tanner Creek, a small tributary of the Columbia River originating 

from sources in the mountains south of Bonneville, and the 
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Columbia River. Deaths occurring in these lots were examined to 

determine if and when infections caused by Ceratomyxa shasta would 

appear. It was also desired to determine if a difference in the in- 

cidence of the disease would occur in fish continuously exposed to 

water containing the infectious stages of Ceratomyxa shasta (Columbia 

River), as opposed to fish initially exposed to this water and then 

placed in disease free water (Tanner Creek). Columbia River water 

was presumed to be infective because of the occurrence of two epi- 

zootics caused by Ceratomyxa shasta among Bonneville Hatchery 

juvenile coho and fall chinook exposed to this water supply during 

the summers of 1965 and 1966. Previous to these years when Tanner 

Creek water had been used exclusively for the rearing of juveniles 

no infections caused by Ceratomyxa shasta were observed. 

Table 4. A comparison of Ceratomyxa shasta in early and later 
migrating adult coho salmon returning to the Bonneville 
Hatchery. 

Total Total Total 
number number percent 

Date sample taken examined infected infected 

9- 2 -65 (early migration) 50 0 0 

10 -20 -65 (late migration) 47 35 75 

9 -19 -66 (early migration) 36 0 0 

Infections caused by Ceratomyxa shasta were observed in both 

groups of adult coho. Deaths due to this parasite occurred in the 

- 
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lot continuously exposed to Columbia River water one month after 

their arrival at the hatchery. All 12 of the mortalities recovered 

were infected. Infections in the group of fish exposed during migra- 

tion to water containing the infectious stages of Ceratomyxa shasta 

(Columbia River) and then placed in disease free water, were ob- 

served 40 days after their arrival at the hatchery. Seventy -four 

percent of the 19 mortalities from these fish were infected. Adverse 

pond conditions prevented the recovery of many dead animals iii both cases. 

Incidence of Ceratomyxa shasta in 
Spring Chinook Salmon 

Spawned (Killed) Samples - Spring Chinook 

Spring chinook were sampled at the Trask, Marion Forks, 

Rock Creek and Eagle Creek hatcheries, and at the Dexter Dam 

holding pond (Figure 1). During the 1966 spawning migration an 

additional spring chinook sample was obtained at the Pelton Dam 

trapping facilities on the Deschutes River. Samples of fish from the 

coastal river stations (Trask and Rock Creek hatcheries) were not 

infected with Ceratomyxa shasta (Table 5). These observations 

closely parallel those obtained with coho in rivers south of the 

Nehalem, where no infected fish were found. 

Certaomyxa shasta infected spring chinook were found in all 

Willamette River tributaries surveyed. The incidence was greatest 



Table 5. Incidence of Ceratomyxa shasta in spawned (killed) adult spring chinook salmon. 

Location 
Year 

Males Females Total 
number 

examined 

Total 
number 
infected 

Total 
percent 
infected 

Number 
examined 

Percent 
infected 

Number 
examined 

Percent 
infected 

1965 

Dexter Dam 
holding pond 42 7 46 48 88 25 28 

Marion Forks 
Hatchery 24 25 27 15 51 10 20 

U. S. Fish and 
Wildlife Eagle 
Creek Hatchery 39 5 29 31 68 11 16 

Trask Hatchery 30 0 29 0 59 0 0 

Rock Creek 
Hatchery 43 0 6 0 49 0 0 

1966 

Pelton Dam' -- -- -- 29 10 34 

Sex of the animals examined was not recorded. 

-- 
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in the fish which had migrated the farthest distance up the river 

(Table 5). Sixteen percent of the spring chinook obtained from the 

Eagle Creek Hatchery were infected with Ceratomyxa shasta. This 

is similar to the 20 percent incidence found in coho at this location 

(Table 2), and suggests that spring chinook and coho are equally 

susceptible to Ceratomyxa shasta. 

Spring chinook samples, during the 1966 survey, were obtained 

from Pelton Dam on the Deschutes River. Thirty -four percent of the 

animals from this location were infected with the disease. The 

presence of infected fish in this sample indicated that adult spring 

chinook returning to areas of the Columbia River basin other than 

the Willamette River system are also infected. 

Prespawning Mortalities - Spring Chinook 

The incidence of Ceratomyxa shasta in dead fish obtained from 

the Dexter Dam holding pond was over twice that observed in 

spawned fish from this location (Table 6). Multiple infections (bac- 

terial or protozoan) were rarely found in prespawning mortalities at 

the Dexter Dam holding pond during the June, July and August ob- 

servation period. The sample of prespawning spring chinook mor- 

talities obtained from Eagle Creek Hatchery, although small (four 

fish), may indicate an increased incidence of Ceratomyxa shasta. 

No fish infected with this disease were found in the sample of 



Table 6. Incidence of Ceratomyxa shasta in adult spring chinook salmon mortalities, 1965. 

Location 

Males Females Total 
number 

examined 

Total 
number 
infected 

Total 
percent 
infected 

Number 
examined 

Percent 
infected 

Number 
examined 

Percent 
infected 

Dexter Dam 
holding pond 75 56 55 69 130 80 62 

Eagle Creek 
National 
Fish Hatchery 2 0 2 50 4 1 25 

Trask Hatchery 4 0 8 0 12 0 0 

w 
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prespawing mortalities from Trask Hatchery (Table 6). 

There was a noticeable difference in spore numbers between 

dead and spawned (killed) fish. Smears made from infected spawned 

fish seldom contained more than ten spores, whereas smears from 

mortalities often contained 20 to 30 spores per microscopic field 

(440x). 

Incidence of Ceratomyxa shasta in Fall Chinook Salmon 

Spawned (Killed) Samples - Fall Chinook 

The incidence and distribution of Ceratomyxa shasta in fall 

chinook was different from that found in coho or spring chinook. 

The Trask Hatchery sample consisting of 43 fall chinook, contained 

one individual infected with Ceratomyxa shasta (Table 7). This ob- 

servation represents the southern most point at which Ceratomyxa 

shasta was found during the survey of coastal streams. This could 

indicate that a very low natural infection exists in the Trask River 

or that the one infected fish was a stray. Straying of infected fish 

may be a method for spread of the parasite. 

The Klaskanine River (Klaskanine Hatchery) was the only 

tributary of the lower Columbia from which infected fall chinook were 

obtained (Table 7). The disease incidence was low, eight percent and 

few spores of Ceratomyxa shasta were found. No infected fish were 



Table 7. Incidence of Ceratomyxa shasta in spawned adult (killed) fall chinook. 
Males Females Total Total Total 

Location Number Percent Number Percent number number percent 
Year examined infected examined infected examined infected infected 

1965 

Oxbow Hatchery 
(Snake River) 0 23 65 23 15 65 

Oxbow Hatchery 
(Columbia River) 19 0 24 0 43 0 0 

Big Creek Hatchery 25 0 24 0 49 0 0 

Klaskanine 
Hatchery 22 18 28 0 50 4 8 

Trask Hatchery 12 0 31 3 43 1 2 

1966 

Oxbow Hatchery 
(Columbia River) 25 0 26 0 51 0 0 

Cascade Hatchery 19 0 25 0 44 0 0 

Bonneville 
Hatchery 15 0 17 0 32 0 0 
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observed in samples from other lower Columbia River locations; 

Oxbow (Columbia River), Big Creek, Cascade and Bonneville 

hatcheries . The infection was much greater in fall chinook sampled 

at Oxbow Hatchery on the Snake River (65 percent) than in fish from 

sites on the lower Columbia River. The Oxbow Hatchery (Snake 

River) sample represented fish which had traveled a greater migra- 

tion distance than any others examined during the survey. 

Prespawning Mortalities - Fall Chinook 

Samples of adult fall chinook that died in the holding ponds 

before the start of spawning operations were obtained from the Dalles 

Dam trap site3 and the Oxbow Hatchery (Snake River). Seven percent 

of the fall chinook obtained from the Dalles Dam trap site were in- 

fected with Ceratomyxa shasta (Table 8). Sixty -five percent of the 

mortalities obtained from Oxbow Hatchery (Snake River) were in- 

fected. The same percentage was obtained from the sample of fall 

chinook killed during spawning operations at this location (Table 7). 

Incidence of Ceratomyxa shasta in Steelhead Trout 

Spawned (Killed) Samples - Steelhead Trout 

Adult steelhead were obtained from the Oregon Game Com- 

mission Alsea Trout Hatchery, Big Creek and Marion Forks 

3After being trapped at The Dalles Dam these fish were trans- 
ported to a holding pond at the mouth of the Deschutes River. 



Table 8. Incidence of Ceratomyxa shasta in adult fall chinook mortalities, 1965. 

Location 

Males Females Total Total Total 
Number Percent Number Percent number number percent 

examined infected examined infected examined infected infected 

Oxbow Hatchery 
(Snake River) 59 74 82 48 141 91 65 

The Dalles Dam 
trap site 14 7 27 7 41 3 7 
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hatcheries, and at Pelton Dam on the Deschutes River (Figure 1). 

Infected fish were observed from Big Creek Hatchery and 

Pelton Dam4 (Table 9). Both of these sites are located in the Co- 

lumbia River basin. The number of spores per smear from infected 

steelhead tissue was low when compared to the number observed in 

smears from coho and spring chinook. Steelhead from Marion Forks 

Hatchery, a Columbia River basin location, and the Alsea River, a 

coastal stream, were uninfected. No steelhead mortalities were 

obtained. 

Examination of Juvenile Salmonids 
for Ceratomyxa shasta 

During the summer of 1965 juvenile coho at Bonneville Hatchery 

and juvenile spring chinook and steelhead at Pelton Experimental 

Hatchery were found to be infected with Ceratomyxa shasta (1, p. 238). 

In 1966 the parasite was found at Bonneville in juvenile fall chinook 

and coho and at Pelton in juvenile steelhead. These observations 

raised the possibility that infection with Ceratomyxa shasta occurred 

among juvenile stocks at other hatcheries. Sampling sites were se- 

lected from locations at which returning adult salmon were known to 

be infected with the parasite. Samples from three hatcheries, con- 

sisting of approximately 50 fish each, were taken just prior to libera- 

tion. Coho salmon juveniles were obtained from the Sandy Hatchery, 

4This sample was collected at the Buckley trap below Pelton 
Dam and transported to the Oregon State Game Commission Wizard 
Falls Hatchery, Camp Sherman, Oregon. 



Table 9. Incidence of Ceratomyxa shasta in spawned (killed) adult steelhead trout, fall 1965 and 
spring 1966. 

Location 

Males Females Total 
number 

examined 

Total 
number 
infected 

Total 
percent 
infected 

Number 
examined 

Percent 
infected 

Number 
examined 

Percent 
infected 

Oregon Game Com- 
mission Alsea Trout 
Hatchery 1 0 27 0 28 0 0 

Big Creek 
Hatchery - 51 6 51 3 6 

Marion Forks Hatchery 24 0 25 0 49 0 0 

Pelton Dam 3 33 5 40 8 3 38 

- 
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spring chinook from a hatchery pond located at Dexter Dam and steel - 

head from the Big Creek Hatchery. Ceratomyxa shasta was not ob- 

served in any of these samples (Table 10). In addition, 47 two -year- 

old coho were obtained from the Big Creek Hatchery. These fish had 

been reared at this hatchery for an additional year or a total of 24 

months. They were not infected with Ceratomyxa shasta. 

Table 10. Incidence of Ceratomyxa shasta in juvenile salmon and 
trout at time of release. 

Total Total 
number percent 

Species Location examined infected 

Coho salmon Sandy Hatchery 45 0 

Spring chinook salmon Dexter Dam 48 0 

Steelhead trout Big Creek Hatchery 50 0 

Other Species of Fish Examined for Ceratomyxa shasta 

Ceratomyxa shasta was not found in any fish species other than 

salmonids previously mentioned in this report. The chum salmon 

and rainbow trout samples were obtained from locations in the Co- 

lumbia River basin where infected salmonids had been previously 

observed ( Table 11). Cutthroat trout samples were obtained from 

two coastal locations south of the Trask River. 

All rough fish samples were collected from Columbia River 

basin locations (Table 11). Rough fish collected at the Dexter Dam 
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holding pond were living under crowded conditions and in close prox- 

imity to adult spring chinook infected with this parasite. 

Table 11. Other species of fish examined for Ceratomyxa shasta. 

Species 

Total 
number 

Location examined 

Total 
percent 
infected 

Chum salmon Big Creek Hatchery 50 0 

Cutthroat trout Bandon Trout Hatchery (OSGC) 40 0 
Alsea Trout Hatchery (OSGC) 14 0 

Rainbow trout Pelton_ Dam (Buckley trap) 16 0 
OGC Willamette Hatchery 3 0 
Haystack Reservoir 11 0 

White fish Dexter Dam holding pond 18 0 

Pelton Dam (Buckley trap) 14 0 

Suckers Dexter Dam holding pond 5 0 

Pelton Dam (Buckley trap) 15 o 

Squaw fi s h Dexter Dam holding pond 35 0 

Chub Dexter Dam holding pond 1 0 

Effect of Sex on the Incidence of Ceratomyxa 
shasta in Adult Coho 

To determine the effect of sex on the incidence of Ceratomyxa 

shasta all of the adult coho salmon obtained from Nehalem, Klaska- 

nine, Big Creek and Sandy hatcheries were tabulated according to 

sex and the percent incidence determined for each group. The 

disease was found in 56 percent of the 145 females sampled at these 
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locations, and in 63 percent of the males examined. The seven per- 

cent difference in infection observed between the sexes is not be- 

lieved to be significant. The information presently available sug- 

gests the incidence of Ceratomyxa shasta in returning adult salmonids 

is not related to the sex of the animals. 

Other Myxosporidia Observed in Salmonid Fishes 

Species from genera of Myxosporidia other than Ceratomyxa 

were also observed during the course of this study. However with 

the exception of Myxidium minteri the incidence of these organisms 

in the tissues being examined was less than eight percent (Table 12). 

It is quite probable that the incidence of some of these organisms 

would have been much higher if different tissues had been examined. 

Myxobolus insidiosus probably would have been found more often if 

musculature and kidney tissue had been employed. 

Incidence of Myxidium minteri in Salmonid Fishes 

Myxidium minteri was encountered more often than any of the 

other incidental forms. Spores of this organism were found pri- 

marily in the gall bladder, and often in heavily infected fish in the 

intestine. Infections caused by Myxidium minteri appeared to be 

coelozoic in nature. Occasionally yellowish fluid filled cysts con- 

taining millions of spores were found in infected livers. 



Table 12. Other Myxosporidia encountered during this study. 

Species of 
Myxosporidia 

Species of 
salmonid Location 

Total 
number 

examined 

Total 
number 
infected 

Total 
percent 
infected 

Myxobolus Dexter Dam 
insidiosus Spring chinook holding pond 150 10 7 

1 Henneguya sp. Spring chinook Dexter Dam 
holding pond 86 1 1 

Pelton Dam 29 1 3 

Chloromyxum sp. 2 Fall chinook Trask Hatchery 43 3 7 

Myxosoma squamalis Steelhead trout Siletz Hatchery 1 1 
3 

1 Probably H. salmonicola. 

2Either C. majori or C. wardi. 

3One fish examined, no percent value offered. 

- 
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Infections caused by Myxidium minteri were observed in coho, 

spring and fall chinook salmon and steelhead and cutthroat trout. 

Coho salmon appeared to be most susceptible to this parasite. The 

parasite was observed in spring and fall chinook and steelhead trout 

obtained from both Columbia River basin and coastal sam- 

pling sites. With only one exception, the Big Creek Hatchery steel - 

head sample (ten percent), the incidence of infection in spring and 

fall chinook and steelhead obtained from both Columbia River basin 

and coastal locations was less than five percent (Table 13). 

Samples of cutthroat trout were obtained from two coastal 

stations, the Alsea and Bandon trout hatcheries. The parasite was 

found in 21 percent of the fish from the Alsea Trout Hatchery and in 

three percent of the fish from the Bandon Trout Hatchery, the 

southern most sampling site (Table 13). 

Infections caused by Myxidium minteri reached the greatest 

incidence in samples of adult coho obtained from coastal river loca- 

tions. Approximately 40 percent of the fish obtained from the Trask 

and Alsea hatcheries were infected (Table 13). The incidence was 

lower at Siletz and Nehalem hatcheries , where approximately 20 

percent of these fish contained spores of Myxidium minteri. With the 

exception of the Big Creek Hatchery (14 percent), the incidence of 

infection in coho from Columbia River basin sampling sites was less 

than ten percent. 



Table 13. Incidence of Myxidium minteri in salmonid fishes. 

Species Location 

Total 
number 

examined 

Total 
number 
infected 

Total 
percent 
infected 

Fall chinook Oxbow Hatchery (Snake River) 23 0 0 
Oxbow Hatchery (Columbia River) 44 0 0 
Big Creek Hatchery 49 0 0 
Klaskanine Hatchery 50 1 2 
Trask Hatchery 43 2 4 

Spring chinook Dexter Dam holding pond 88 0 0 
Marion Forks Hatchery 51 0 0 
Eagle Creek Hatchery (U. S. E & W. S. ) 68 2 3 
Trask Hatchery 61 3 3 

Rock Creek Hatchery 49 0 0 

Coho Sandy Hatchery 92 9 10 
Bonneville Hatchery (early migration) 50 3 6 
Eagle Creek Hatchery (U. S. F. & W. S. ) 50 2 4 
Big Creek Hatchery 49 7 14 
Klaskanine Hatchery 45 4 9 
Nehalem Hatchery 50 9 18 
Siletz Hatchery 51 11 22 
Alsea Hatchery 51 20 39 
Trask Hatchery 51 22 43 

Steelhead Alsea Trout Hatchery 28 1 4 
Big Creek Hatchery 51 5 10 
Pelton Dam 8 0 0 

Cutthroat Bandon Trout Hatchery 40 1 3 
Alsea Trout Hatchery 14 3 21 w 
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DISCUSSION 

At the onset of this project some doubts existed concerning the 

identity of the species of Ceratomyxa infecting Oregon salmonids. 

To resolve this problem the morphology and dimensions of spores 

from Oregon fishes were determined and compared to those reported 

by Noble (10, p. 457 -460) from rainbow trout infected with Cerato- 

myxa shasta n. sp. 

Morphological structures described by Noble such as a straight, 

raised and distinct suture line, a lack of striations on the shell 

valves and the complete filling of the intrasporal cavity by the sporo- 

plasm were also found in spores from Oregon salmon. The extreme 

spore arching mentioned by Noble was frequently observed. 

Spores of Ceratomyxa shasta measured by Noble were 14 mi- 

crons by 6 microns and contained polar capsules 1. 8 microns in 

diameter. These values were obtained from fixed and stained speci- 

mens. The average dimensions of Schaudinn's fixed and Giemsa's 

stained spores from Willamette River spring chinook were 16. 5 

microns by 7. 7 microns with polar capsules averaging 2. 4 microns 

in diameter (Table 1). With the exception of polar capsules (17 

percent) very little shrinkage occurred during fixing and staining 

of spores from spring chinook. Values obtained by Noble although 

smaller than average values determined for spores from Wil- 

lamette River spring chinook are nevertheless within the range of 
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measurements determined for each spore structure. Except for 

slightly larger overall dimensions spores from Oregon salmonids are 

identical to those described by Noble. 

According to Kudo (7, p. 774 -806) species of the genus Cera- 

tomyxa are characterized by the production of spores with a breadth 

(length) more than twice the sutural diameter, whereas, species of 

the genus Leptotheca produce spores with a breadth less than twice 

the sutural diameter. Twenty -five percent of the live spores meas- 

ured (Table 1) had a breadthwhichwas twice or less than twice the su- 

tural diameter. During the fixing and staining procedures used (Table 

1) greater shrinkage occurred in the breadth (7.7 percent) than width 

(2.5percent) consequently the percentage of spores with a breadth 

twice or less than twice the sutural diameter increased to 44 percent. 

Classification systems such as the one mentioned above are 

highly arbitrary and can cause considerable confusion in borderline 

cases. Ceratomyxa shasta is clearly a borderline species. Another 

characteristic of this species, the production of spores which are 

completely filled with sporoplasm also indicates a close relationship 

to the genus Leptotheca. Work concerning this and other related 

problems has been done by Meglitsch (9, p. 265-356). He sum- 

marized the problem thusly. "The breadth: heigth ratio is no less 

satisfactory than any other, and is far easier to determine than most 

of the other traits that might be selected. " 
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Due to the necessarily inexact conditions which exist with a 

survey of this type only the broadest assumptions and conclusions 

may be drawn. Spring and fall chinook, coho salmon and steelhead 

and rainbow trout are susceptible to infections caused by Ceratomyxa 

shasta, however the disease incidence varies quite markedly. Infec- 

tions caused by Ceratomyxa shasta were not observed in any species 

other than those previously mentioned, even though numerous sam- 

ples of salmonid and non - salmonid species were collected. 

Disease variations in returning adults may be seen clearly 

demonstrated by comparing the incidence at locations where several 

samples were taken. Fall chinook and coho from sites on the lower 

Columbia River varied greatly in the incidence of disease. These 

species were collected from four lower Columbia River sites, 

Bonneville, Oxbow (Columbia River), Big Creek and Klaskanine 

hatcheries (Tables 2 and 7). The only infected fall chinook were 

from Klaskanine Hatchery, the disease incidence was low, eight per- 

cent. In contrast, infected fish were found in all four coho samples 

and the disease incidence was much greater, varying from 54 to 78 

percent, 

The Big Creek Hatchery was especially productive, besides 

fall chinook and coho, a third sample consisting of spawned steelhead 

trout was taken. Multiple samples, each consisting of two species 

were also obtained from the Eagle Creek (spring chinook and coho) 
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and Marion Forks (spring chinook and steelhead) hatcheries. 

Results from these samples indicate that among returning adult 

salmonids, infections caused by Ceratomyxa shasta are most preva- 

lent among spring chinook and coho salmon. These species also appear 

to be about equally susceptible to infections caused by this parasite. 

The incidence of Ceratomyxa shasta in adult salmonids appears 

to be related to a number of factors. Several of these such as water 

temperature, incubation time, migration distance and rate and species 

susceptibility are partially understood. For example, information 

presently available suggests that susceptible fish placed in water 

containing the infectious stages of Ceratomyxa shasta, which is above 

50°F in temperature will become infected within 30 or less days. 

Other factors such as the effect of salt water, size and release time 

and the characteristics of infectious water are completely unknown. 

The incidence of Ceratomyxa shasta in adult salmonids appears 

to be related to the distance traveled upriver during the spawning 

migration. Infections were most prevalent at upriver spring chinook, 

fall chinook and steelhead sampling sites. The effect of migration 

distance was least apparent with coho. 

Spring chinook and steelhead from Pelton Dam, the most up- 

river spawning site sampled for these species, were more heavily 

infected than those from other lower river locations. Thirty -eight 
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percent (38 %) of the steelhead from Pelton Dam were infected, this 

is over six times greater than that occurring at Big Creek Hatchery 

the other site at which infected steelhead were found (Table 9). 

Fall chinook from upper Columbia River basin spawning sites 

were also more diseased. Sixty -five percent (65 %) of the Oxbow 

Hatchery (Snake River) fish were infected (Table 8). The majority 

of lower Columbia River fall chinook samples contained no infected 

fish, the highest disease incidence among lower river fish was eight 

percent at Klaskanine Hatchery. 

Further evidence indicating a correlation between the incidence 

of Ceratomyxa shasta and migration distance may be obtained by 

examining its prevalence among Willamette River spring chinook. 

Fish were obtained from three locations on this river, Eagle Creek 

and Marion Forks hatcheries and from the Dexter Dam holding pond. 

The prevalence of the parasite increased from 16 percent at the 

Eagle Creek Hatchery to 28 percent at the Dexter Dam holding pond 

(Table 5). In between at Marion Forks Hatchery the incidence was 

20 percent. The incidence of Ceratomyxa shasta at Willamette River 

locations appears to increase progressively upriver. 

The rate of migration is also a factor affecting the incidence of 

Ceratomyxa shasta. Coho salmon migrations at Bonneville and 

Cascade hatcheries occur each year in two phases, the early migra- 

tion arriving during the first part of September and the late migration 
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arriving in October. No infected fish were found in the early migra- 

tion examined during 1965 at Bonneville and Cascade hatcheries 

(Table 3). The late coho migration at Bonneville Hatchery was 

heavily infected, 75 percent. These sharply contrasting results in- 

dicated the need for further experiments. Bonneville Hatchery was 

chosen for these studies. Three samples of adult coho were taken; 

a killed sample to be examined immediately, a live sample placed 

in Columbia River water and another live sample placed in Tanner 

Creek water. Fish in the live samples were examined as mortalities 

occurred. The killed group, as in 1965 again contained no infection 

attributable to Ceratomyxa shasta. Mortalities from the Columbia 

River lot infected with this parasite appeared 30 days after the incep- 

tion of the experiment. The first mortalities from the Tanner Creek 

lot infected with Ceratomyxa shasta were found 40 days after the 

experiment began. 

This experiment indicates that early migrating coho are sus- 

ceptible to infections caused by this parasite. The early coho migra- 

tions at Bonneville, Cascade and other hatcheries in this area are 

known to enter the cradle streams quite rapidly. Apparently the 

killed sample was infected at the time of examination, but the disease 

was in an early stage not demonstratable by the methods used. 

Holding these fish allowed the disease to become evident. 

All experiments conducted thus far have failed to demonstrate 
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conclusively whether or not adults after they enter freshwater on 

their spawning migration are susceptible to infection. Adults used 

in the Bonneville experiments had been exposed twice to water poten- 

tially infected with the infectious stage of Ceratomyxa shasta (Columbia 

River), during their downstream journey as smolt and again during 

their spawning migration. Evidence indicating the presence of 

Ceratomyxa shasta in Columbia River water will be discussed later. 

Conceivably an initial infection could have taken place during their 

downstream migration, remained dormant or quiescent in salt water, 

becoming active, and after a suitable incubation period, (20 to 30 

days at 50oF) demonstratable in spawning adults. 

The other possibility is that smolt on their downstream migra- 

tion are not infected. Migrating adults then become infected after 

reentering freshwater and the disease becomes manifest following 

a suitable incubation period. To demonstrate whether this latter 

theory is correct further and more refined experiments with adults 

are planned for Bonneville Hatchery. This time to avoid the expo- 

sure problems encountered previously, adults (coho or spring 

chinook) will be brought to Bonneville from uninfected areas such 

as the Alsea, Siletz or Umpqua rivers. 

The intestine and gall bladder are the primary areas of Cera- 

tomyxa shasta infections in adult salmonids. Other tissues such as 

the liver, kidney, spleen, eye and musculature are infected, but the 
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infections do not reach the magnitude observed in the intestine and 

gall bladder. Inflammed necrotic lesions of varying severity may 

be readily observed throughout the intestine. Heavily infected gall 

bladders contain yellowish granular areas. 

These lesions represent the macroscopic pathology of the 

trophozoites or vegetative stages of Ceratomyxa shasta. In extreme 

cases perforations of the intestines may occur. The resultant re- 

lease of intestinal microorganisms into the peritoneal cavity causes 

peritonitis and death. The whole process is probably accelerated 

by the gradual degeneration of tissues that takes place in adult 

salmon prior to spawning. 

Prespawning losses caused by Ceratomyxa shasta occur in 

adult spring chinook and coho salmon. The incidence of Ceratomyxa 

shasta in prespawning spring chinook mortalities obtained from the 

Dexter Dam holding pond was over twice that found in those killed at 

spawning (Table 6). Similar differences, though not as great, were 

found in adult coho mortalities from the Klaskanine (22 percent) and 

Sandy hatcheries (14 percent) (Table 4). The disease incidence in 

fall chinook from Oxbow Hatchery (Snake River) was identical in both 

the prespawning mortalities and spawned (killed) samples (Table 7). 

Ceratomyxa shasta is widely distributed throughout the survey 

area. Infections caused by this parasite were found in all areas of 

the Columbia River basin from which migrating adults were collected. 
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These areas extended from the Klaskanine Hatchery near the mouth 

of the Columbia, upriver to and including the Oxbow Hatchery on the 

Snake River. Fish from these locations and Oregon tributaries in 

between were infected. The disease incidence was generally greatest 

at upriver spawning sites. 

Coastal locations extended from the Nehalem, the first major 

coastal river south of the Columbia to the Umpqua River. Infections 

caused by Ceratomyxa shasta were found in fish from the Nehalem 

and Trask rivers. No infected fish were found in samples from 

rivers farther south. The disease incidence decreased progressively 

southward from the Columbia River. 

A substantial number of infections caused by Ceratomyxa shasta 

was found among Nehalem River coho, 32 percent in the 1965 migra- 

tion and 10 percent in the 1966 migration (Table 2). In contrast 

among fish collected from the Trask Hatchery during the 1965 season, 

the incidence was extremely low. One infected fall chinook was 

found out of 43 examined (two percent) (Table 7). No infected fish 

were observed in either the spring chinook or coho obtained from 

this hatchery. This extremely low incidence could indicate the 

presence of a mild infection in the Trask River or that the infected 

fish was a stray. Straying from the stream of origin occurs quite 

regularly among anadromous salmonids. If the infected fish had 

entered the wrong river, then straying may be a means of spread 
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for the parasite. 

The incidence of infection among coastal species, as discussed 

previously, decreased from the Columbia River southward. These 

observations indicate that infections caused by Ceratomyxa shasta 

among returning adult salmonids probably occur during the fresh- 

water phase of their life cycle. The basic environmental conditions 

for each coastal species are similar, consequently, if the disease 

was contracted in the ocean the incidence of infection should also be 

similar, instead the incidence decreased southward and even disap- 

peared in fish from rivers south of the Trask, 

During 1965, Conrad and Decew (1, p, 238) observed infections 

caused by Ceratomyxa shasta in juvenile coho at Bonneville Hatchery 

and in juvenile spring chinook and steelhead at Pelton Experimental 

Hatchery, These observations indicated a need for further examina- 

tion of hatchery juveniles to determine if such infections were wide- 

spread, Juveniles were obtained from locations where infections 

among returning adults were extremely severe (Table 10). At the 

Big Creek and Sandy hatcheries water used by spawning adults is 

also used for rearing juveniles.: No infected juveniles were found. 

An additional and particularly significant sample consisting of 

two -year -old coho held continuously in Big Creek Hatchery water 

was also obtained, These fish, exposed a year longer than normal 

in a water supply potentially contaminated with the infectious stages 

of Ceratomyxa shasta were uninfected, 
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of Ceratomyxa shasta, were uninfected. These results tend to elimi- 

nate water supplies as a source of infection at these hatcheries. 

Bonneville Hatchery is unique because of the availability of two 

entirely separate water supplies. Water may be obtained from 

Tanner Creek or the Columbia River. Prior to 1965 Tanner Creek 

water had been used exclusively for rearing purposes and Columbia 

River water was used only briefly during those winters when Tanner 

Creek developed ice problems. In 1965, to enhance growth of 

juvenile coho by increasing the water temperature, a mixed water 

supply consisting of approximately one -third Columbia River water 

and two- thirds Tanner Creek water was used. Coho juveniles were 

placed in this mixture on July 1, 1965 and about one month later in- 

fections caused by Ceratomyxa shasta were observed. 

During 1966 Columbia River water was again used at Bonneville 

Hatchery although under slightly different conditions. It was mixed 

with Tanner Creek water earlier in the year and removed when the 

average daily water temperature of the mixture reached 50°F. Coho 

juveniles reared in this water became severely infected. Ceratomyxa 

shasta was also found at Bonneville Hatchery in a small lot of juvenile 

fall chinook being held in Columbia River water. 

Infections caused by Ceratomyxa shasta were also found, dur- 

ing 1966, among coho fingerlings at the United States Fish and Wild- 

life Service, Little White Salmon Hatchery, Skamania County, 
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Washington5. Infected fish were observed approximately 20 days 

after Drano Lake water was used for rearing. Drano Lake was 

formed from Columbia River water which backed up the Little White 

Salmon River when Bonneville Dam was completed. 

In 1965 spring chinook and steelhead juveniles at Pelton Experi- 

mental Hatchery became infected with Ceratomyxa shasta (1, p. 238). 

In 1966 infections were observed in steelhead, no spring chinook 

were held during this period. Water for this hatchery comes from 

the Deschutes River. During 1966 infected adult rainbow trout, up 

to 13 inches in length, and spring chinook were found in samples ob- 

tained from Lake Billy Chinook5. This lake formed by Round Butte 

Dam is located upriver from Pelton Hatchery. The infected spring 

chinook were marked 1965 brood, from the Willamette Salmon 

Hatchery. Prior to stocking,these animals were examined for infec- 

tions caused by Ceratomyxa shasta, no infections were found. In- 

fected rainbow trout and coho salmon were also observed from Davis 

Lakes. This lake, located in the Cascade Mountains has no natural 

surface outlet, but is within the basin drained by the Deschutes River. 

Disease free rainbow trout confined to a live box and placed in Davis 

Lake became infected with Ceratomyxa shasta, indicating th e 

5 Personal communication, Dr. J. L. Fryer, major professor, 
Department of .tic obio "o gy, Oregon State University. 
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cycle of events necessary for the propagation of this disease was 

present. 

As discussed in the preceding paragraphs all evidence thus far 

accumulated indicates that the Columbia River is heavily contami- 

nated with the infectious stages of Ceratomyxa shasta. The epi- 

zootics at Bonneville and Little White Salmon hatcheries indicate that 

Columbia River water at least below its confluence with the Deschutes 

River contains the infectious stages of Ceratomyxa shasta. Infections 

caused by Ceratomyxa shasta have not been found in juveniles from 

locations above the confluence of these rivers. Until experiments 

using susceptible juveniles are conducted to determine the infectious 

nature of the Columbia River above its juncture with the Deschutes 

River the suggestion can be made that the Deschutes River is the 

source of contamination for the Columbia River. These experiments 

are planned for the summer of 1967. 

The Deschutes River observations were noteworthy in several 

respects. The infections found in wild rainbow trout from Davis 

Lake and Lake Billy Chinook was the first evidence demonstrating the 

presence of Ceratomyxa shasta in wild Oregon freshwater salmonids. 

These fish could act as a possible source of infection for juveniles 

raised in water supplies below these areas. Rainbow trout and per- 

haps other trout could act as a year round reservoir of infection for 

both resident and anadromous salmonids. 
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SUMMARY AND CONCLUSIONS 

1. The organism studied during the course of this survey is 

considered identical to the protozoan described by Noble and named 

Ceratomyxa shasta. 

2. Ceratomyxa shasta is present throughout the Columbia 

River basin in Oregon. 

3. Spring and fall chinook, coho salmon and steelhead and 

rainbow trout are susceptible to infection by Ceratomyxa shasta. 

4. The incidence of Ceratomyxa shasta in coastal river salm- 

onids decreasedprogressively from the Columbia River southward. 

5. The incidence of this disease appears dependent on the 

migration rate and distance and water temperature. 

6. The incidence of this disease does not appear to be depend- 

ent on the sex of migrating adults. 

7. Ceratomyxa shasta may cause death of spring chinook and 

coho salmon during the prespawning and spawning stage of their life 

cycle. 

8. Infections caused by Ceratomyxa shasta apparently occur 

during the freshwater phase in the cycle of the species studied. 

9. The incidence of Ceratomyxa shasta was greater in adult 

spring chinook and coho salmon than in adult fall chinook salmon and 

steelhead trout. 
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10. Rainbow trout and possibly other freshwater salmonids 

may act as carriers of Ceratomyxa shasta, and thus provide a 

reservoir for infection. 
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