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TUBERCULOSIS IN PACIFIC SALMON AND STEELHEAD TROUT®
James W. Wood @ and Erling J. Ordal®

ABSTRACT
Tuberculosis in salmonoid fishes was first observed in the 1952 run of fall
chinook salmon (Oncorhynchus tshawytscha) returning to the Bonneville
Hatchery of the Oregon Fish Commission. In the studies reported here,
tuberculosis was found not only in adult spring chinook but in silver salmon
(0. kisutch), blueback salmon (0. nerka), and in anadromous and resident
strains of rainbow trout (Salmo gairdnerii). Advanced tuberculosis was found
in salmonoid fishes held in fresh water for two years or longer, as well as in
adults returning from the sea. Lesions were most frequently observed in
the liver, and varied in size from small miliary tubercles to huge necrotic
areas, filled with characteristic acid-fast bacilli. The typical bacilli were
found in stained smears from the kidney, heart, musculature, brain, intestines,
pyloric caeca, and roe of infected fish. The disease was originally observed in
sexually-underdeveloped fish, and there is indication that it interferes with
sexual maturation. It was found that tuberculosis in marked salmon known
to be of hatchery origin was extremely high—in some cases 100 per cent.
Tuberculosis was absent in the small number of silver and chum salmon
examined which were known to be the progeny from natural spawning. It
is suggested that dissemination of the disease may be due to fish-cultural
practices such as the feeding of untreated carcasses and the viscera from
tuberculous fish. Since acid-fast bacilli were found in the roe of some fish,
it is also suggested that the disease may be transmitted to healthy eggs during
the process of fertilization. Tuberculous adult spring chinook were found
less capable of surviving to maturity after they reached the spawning grounds
than were non-infected fish. It is likely that tuberculosis also influences the
ability of salmon to survive during earlier stages of their life history. The
incidence of tuberculosis in adult spring chinook entering the Dexter holding
ponds on the Middle Fork of the Willamette River in 1955 and 1956 was 8.7
and 6.1 per cent, respectively. The increase in incidence to 58.8 per cent
in 1957 is attributed to the increased dependency of the run on artificial
propagation necessitated by the construction of Lookout Point Dam. Among
chinook caught in the Columbia River gill-net fishery in. February and in
May 1956, 12.3 and 10.5 per cent, respectively, of those examined were
tuberculous. Although these are spring chinook, it is believed that hatcheryreared fall chinook also entered the catch, especially during May, and may
have contributed to the number of tuberculous fish taken.

INTRODUCTION
Although spontaneous tuberculosis has been reported in fish from both
fresh water and sea water, this disease appears to be relatively uncommon
under ordinary conditions. Bertarelli and Bocchia (1910) searched for
tuberculous lesions in large numbers of fish in different markets in Italy
and failed to find a single specimen with tuberculosis, either from fresh
water or sea water. The earlier literature on the occurrence of tuberculosis
in fishes and other cold-blooded animals has been reviewed by Griffith
(1930) and Aronson (1938).
® In part from a thesis submitted by James W. Wood to the Graduate School at the University
of Washington in partial fulfillment of the requirements for a Master of Science degree,
June 1958.
® Oregon Fish Commission.
Department of Microbiology, University of Washington.
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The occurrence of tuberculosis in fish was first described by Batallion,
Dubard, and Terre (1897) who isolated an acid-fast bacterium designated
as Bacillus piscium from a diseased carp (Cyprinus carpio). This strain
was reported to be pathogenic for a number of cold-blooded animals, but
not for rabbits, guinea pigs, and birds. Johnstone (1913) provided the first
report of tuberculosis in marine fish when he described the presence of
an ulcer which contained acid-fast bacteria in a codfish (Gadus callarias).
Most recorded outbreaks of tuberculosis in fish have occurred in tropical
fresh-water fishes held in aquaria. Outbreaks in many different species
have been reported by Jahnel (1940), Besse (1949), Nigrelli (1943, 1953),
and Baker and Hagan (1942).
Data on the incidence of tuberculosis as a cause of death of fish from
temperate regions held in captivity are available from several studies.
Winsor (1946) reported the results of the examination of 22,076 dead fish
at the Fairmount Park Aquarium in Philadelphia from 1925 to 1928. Of
the 11,488 fish which died in salt-water tanks, 306 were found to be tuberculous; on the other hand, only 4 of the 10,588 strictly fresh-water fish
which died at the aquarium were tuberculous. Nigrelli (1943), reporting
on fishes at the New York Aquarium during 1940 and 1941, found that
tuberculosis was not present in marine or Temperate Zone fresh-water
fishes but was one of the causes of death in tropical fresh-water fishes.
It is evident that the acid-fast bacteria associated with tuberculosis
in fish are of several kinds. It is possible that saprophytic or commensal
mycobacteria may be found in lesions caused by species of acid-fast organisms that are true pathogens, or in ulcers due to other causes. This is
particularly likely in surface lesions. Nevertheless, it is evident from
published reports that more than one mycobacterial organism is a true
piscial pathogen and in some cases the organisms are notably difficult to
cultivate by the usual methods. The relationship of fish pathogens to
mycobacteria that infect other cold-blooded animals is not clear. There is,
of course, evidence that the organisms causing tuberculosis in fish will not
cause tuberculosis in man or other warm-blooded animals (Aronson, 1938).
Sutherland (1922) reported the occurrence of extensive generalized
tuberculosis in a halibut (Hippoglossus hippoglossus) but was unable to
isolate the organism present. Subsequently Griffith (1930) succeeded in
isolating an acid-fast bacillus from the roe of a halibut showing evidence
of tuberculosis. This culture differed in some properties from that isolated
by Batallion, Dubard, and Terre (1897).
Aronson (1926) isolated a number of identical cultures of an acid-fast
bacterium from several species of fish which had died in sea-water tanks at
the Fairmount Park Aquarium. Cultures were obtained from a sergeant
major (Abudefduf mauritii), three croakers (Micropogon undulatus), and
two sea bass (Centropristes striatus). The organism produced a distinctive
lemon-yellow to orange pigment and was named Mycobacterium marinum.
Griffith (1930) subsequently reported that a number of cultures of acid-fast
bacteria isolated from tuberculous alligators (Caiman sclerops) resembled
M. marinum very closely.
Baker and Hagan (1942) isolated an organism, which they named
M. platypoecilus, from a small group of tuberculous Mexican platyfish
[6]

(Platypoecilus maculatus). It was considered to be different from other
strains of acid-fast bacteria found in cold-blooded animals. M. platypoecilus
was unpigmented when grown in the dark, but showed an orange pigment
when grown in the light. Typical tuberculosis developed in the test fish
which had been infected by feeding, and the diagnosis was confirmed by
histological sections and by cultivation and identification of M. platypoecilus
from many affected fish.
Examination of the literature thus reveals that relatively little attention has been paid to tuberculosis in fishes. Most of the published studies
have dealt with tropical fresh-water fishes held in captivity; there is little
published information on tuberculosis in marine or Temperate Zone freshwater fishes. This report presents the results of studies of tuberculosis
in salmonoid fishes in the Pacific Northwest.

INITIAL STUDIES OF TUBERCULOSIS IN SALMON
Tuberculosis in salmonoid fishes was first observed in the fall of 1952
in adult chinook salmon (Oncorhynchus tshawytscha) returning from the
Pacific Ocean to the Bonneville Hatchery of the Oregon Fish Commission
(Figure 1), located on Tanner Creek, a small tributary of the Columbia
River near Bonneville Dam, approximately 140 miles from the mouth.
During the course of spawning operations, adult chinook were checked
for fin marks, and a considerable number were examined for the presence
of gross lesions in the kidneys. This was part of an effort to obtain evidence
of a condition known as kidney disease (Earp, Ellis, and Ordal, 1953). It
was noted that macroscopic lesions were frequently present in kidneys
of a particular group of fall chinook that did not exhibit the secondary
sexual characteristics normally shown by spawning salmon. Their external
coloration was usually bright and silvery and the flesh was redder than
normal. The gonads were underdeveloped, some to the extent that the
sex was not readily apparent. Adult chinook in a similar condition were
observed at the Bonneville Hatchery as early as 1949 by Thomas B. McKee
(personal communication). Although particular attention was paid to
sexually-underdeveloped fish, it was noted that numerous gross lesions
were present in the kidney of one fish which showed normal sexual
development.
Portions of the kidneys of approximately 50 adult fish showing macroscopic lesions were collected, frozen, and brought to the University of
Washington for study. Examination of sections and smears stained by
the Ziehl-Neelsen method revealed enormous numbers of acid-fast bacilli
in each specimen (Figure 2). Although some of the bacilli stained uniformly, many were slender, acid-fast rods with a characteristic beaded
,C) Three general races of chinook salmon are found in the Columbia River: spring, summer,

and fall. Salmon from the spring run enter the river from January through May and
migrate to the headwaters of the Columbia River and its tributaries, including the Willamette and Snake River systems. Summer-run chinook enter the river in June and July and
spawn mainly in the upper Columbia and its tributaries, while fall-run salmon enter from
August to December and spawn in lower river tributaries of the Columbia as well as in
the main stems of the upper Columbia and Snake Rivers.
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appearance. No evidence of the condition known as "kidney disease" was
found in smears from these fish stained by Gram's method. Instead,
advanced tuberculosis was found, thus raising a question as to the significance of tuberculosis due to "cold-blooded" mycobacteria in salmonoid
fishes in the marine habitat (Earp, Ellis, and Ordal, 1953).
Further evidence of tuberculosis in salmon was obtained during the
period of migration of spring chinook in the Columbia River in the winter
and spring of 1953. Through the cooperation of Robert W. Schoning,
Thomas B. McKee, and Brian J. Earp, adult salmon taken by commercial
fishermen near the mouth of the Columbia were examined for the presence
of macroscopic tubercles in the kidneys. Several lots of kidney specimens
were obtained and the presence of advanced tuberculosis was confirmed
by laboratory examination. Two fish, selected on the basis of general
physical characteristics (described above) commonly associated with tuberculosis, were transported intact to the University of Washington where
an autopsy and laboratory examination revealed advanced tuberculosis
in both.
The occurrence of tuberculosis in spring chinook was further confirmed
by examination of fish from runs in the Middle Fork of the Willamette
River in 1953 and 1954. These fish were examined during spawning
operations at the egg-collecting stations of the Oakridge Hatchery. Although detailed records were not kept, large, clearly visible lesions containing acid-fast bacilli were found in the kidney and liver of many fish
showing arrested sexual development. Most of the tuberculous fish were
females. The specimens were relatively small, ranging from 16 to 24
inches in length.
Tuberculosis was found not only in adult fall and spring chinook during
spawning operations, but also in adult spring chinook taken near the
the mouth of the Columbia by commercial fishermen. The presence of
tuberculosis in salmon taken in the commercial fishery, the disparity in
size and appearance of some tuberculous fish as compared to normal fish,
and the advanced stage of the disease in many specimens, suggested that
tuberculosis was contracted either at sea or during the initial period of
residence in fresh water.
Since there were many questions about the source, character, and
incidence of the disease, as well as its effect on salmon populations,
various studies were initiated to obtain evidence. Quantitative studies
were begun in 1955 to determine the incidence of tuberculosis in spring
chinook in the Middle Fork of the Willamette River. Salmon were allowed
to enter large holding ponds near the base of Dexter Dam to await
maturation, thus providing an opportunity for examination of a large
proportion of the fish run. As reported below, studies were also carried
out on other races of salmon and steelhead.
Evidence of tuberculosis was sought by gross examination and analysis
of smears from the liver or other viscera stained by the Ziehl-Neelsen
method. In some instances, material from the liver or kidney was
inoculated on culture media in order to isolate the etiological agent.
[9]

PATHOLOGY AND BACTERIOLOGY
Tuberculosis was first observed in sexually-underdeveloped salmon. The
diseased fish, upon their return from the ocean, had small gonads with
immature eggs or sperm. They were bright and silvery in external coloration and lacked secondary sexual characteristics normally developed by
mature salmon during the spawning season.
The apparent effect of tuberculosis on sexual development is a striking
manifestation of the disease in Pacific salmon. Although salmon with
underdeveloped secondary sexual characteristics were always found to be
tuberculous when examined, only a fraction of the tuberculous fish were
affected in this way. Most tuberculous specimens exhibited apparently
normal sexual development, and showed no external indication of the
presence of tuberculosis.
Upon dissection, gross evidence of tuberculosis was most frequently
observed in the liver. The tubercles observed in this organ varied from
a miliary form to large necrotic areas approximately three-fourths of an
inch in diameter. The miliary form, however, was most common, and
the tubercles ranged from a few to many hundreds or thousands. Gross
tubercles were less frequently seen in the kidney and spleen. Typical
acid-fast bacilli (Figures 2 and 3) were usually found in stained smears

FIGURE 2. KIDNEY SMEAR, STAINED BY THE ZIEHL-N EEL SEN METHOD, SHOWING
TYPICAL ACID-FAST BACILLI FROM AN ADULT FALL CHINOOK SALMON
RETURNING TO THE BONNEVILLE HATCHERY IN THE FALL OF 1952. (x 3240)
PHOTOGRAPH BY ROY K. HAYASHI.
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from the liver, kidney, and spleen of fish showing evidence of tuberculosis,
and in stained smears from the heart, musculature, brain, intestines, pyloric
caeca, and roe of a few selected specimens.
In a number of instances, typical acid-fast bacilli, sometimes in large
numbers, were found in smears prepared from fish showing no visible
tubercles in the visceral organs. This indicated that tuberculosis could
be overlooked upon gross examination. Visceral adhesions were noted

FIGURE 3, IMPRESSION SMEAR, STAINED BY THE ZIEHL-NEELSEN METHOD, SHOWING
MULTIPLE MICROCOLONIES FROM THE LIVER OF AN ADULT SPRING CHINOOK SALMON WITH ADVANCED TUBERCULOSIS. (x 1945). PHOTOGRAPH BY
ROY K. HAYASHL

in a number of tuberculous fish. These usually involved the intestinal
serosa, parietal peritoneum, and hepatic and splenic tissues. Occasionally,
a heavy, white sheath of tissue enclosed the visceral organs. The relationship, if any, of these visceral abnormalities to the acid-fast bacilli
was not established.

Although various types of culture media were employed in attempts
at primary isclation of the etiological agcnt, the results were inconsistent,
and positive growth of acid-fast bacteria was obtained in only a small
proportion of the cultures made from tuberculous fish. Best results were
obtained with the cysteine-blood agar medium developed for isolation of
the etiological agent of kidney disease (Ordal and Earp, 1956). Other
cultures were isolated on Dorset's egg medium and on the Jensen modification of the Lowenstein medium for tubercle bacilli. In primary culture,
colonies developed after incubation at 18° C. for periods ranging from
several weeks to four months or longer. The faster-growing cultures
showed moist, creamy-white colonies which developed in ten days to tw o
weeks on subculture. Intraperitoneal injection of these cultures into yearling blueback salmon (0. nerka) and silver salmon (O. kisutch) produced
generalized infections, with mortalities occurring between two weeks and
two months. A number of cultures of very slow-growing, acid-fast bacteria
were also isolated from the visceral organs of tuberculous fish. These
cultures have not yet been tested for pathogenicity.
The relationship of acid-fast bacteria from salmon and steelhead to
previously-described species has not yet been determined. Comparative
studies of the properties of these and other isolates are being carried out
by A. J. Ross. However, relatively little attention has been paid to the
study of acid-fast bacteria from cold-blooded animals, although it is
apparent from the literature that there are a number of different types,
as determined by serological and biochemical properties. There are no
published accounts of comprehensive taxonomic studies.

STUDIES OF TUBERCULOSIS IN ADULT SPRING CHINOOK SALMON
Quantitative Studies, Middle Fork Willamette River, 1955
The construction of Lookout Point and Dexter Dams on the Middle
Fork of the Willamette River by the U. S. Army Corps of Engineers
eliminated access to almost all the former natural spawning grounds of
spring chinook salmon in this river. Upstream migration was completely
blocked at Lookout Point Dam in 1953 and Dexter Dam in 1954. As a
result, per p etuation of this run of salmon has become largely dependent
on artificial propagation.
Spring chinook leave the ocean during the spring and spend a number
of months in fresh water before spawning in September and October.
Since migration to normal spawning grounds was no longer possible in
the Middle Fork, it was necessary to construct facilities for trapping
and holding the adults awaiting sexual maturation. Temporary facilities,
consisting of a simple trap and weir, were used in 1953 and 1954. Two
large holding ponds, located near the base of Dexter Dam, were constructed in time for use by the 1955 run of spring chinook. Availability
of these ponds facilitated procurement of fish for examination.
Dead fish were found in the Dexter holding ponds shortly after arrival
of the first adult spring chinook in the latter part of May 1955. All dead
[
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salmon recovered in a suitable condition were examined for tuberculosis
until spawning operations were completed on October 27, 1955. Badly
decomposed fish were not examined except for sex determination. Gross
examination was carried out and smears were prepared from the livers
of as many fish as possible and stained by the Ziehl-Neelsen method. The
fish were classified as tuberculous when typical acid-fast bacilli were found.
The bacilli ranged from a few to hundreds per field in smears from fish
showing the miliary form.
Some tuberculous fish were probably overlooked in the examination
by the stained-smear technique. Cummings (1949) estimated that in human
tuberculosis 100,000 bacilli per ml. of sputum must be present before their
detection in smears is likely. It is recognized that the technique employed showed only that acid-fast, not necessarily tubercle bacilli, were
present. However, in view of their abundance in smears from fish showing
gross pathology, it seemed reasonable to classify as tuberculous the fish
in which acid-fast bacilli were found. It is unlikely that nonpathogenic
mycobacteria would occur in large numbers in liver tissues.
Altogether, smears were prepared and examined from 955 salmon,
representing 83.4 per cent of the dead fish found.
Smears were prepared from random samples of males and females
killed each day during spawning operations (September 6 to October 27).
Relatively large numbers of fish were handled and there was insufficient
time to examine all spawned fish. In order to avoid bias, fish exhibiting
signs of arrested sexual development were removed prior to the selection
of samples, and were examined separately. Marked fish (marked as
juveniles by fin excision) were put in a separate group, since their inclusion, as shown later, would also have distorted the samples.
Smears were prepared and examined from 556 males and 287 females,
representing 22.4 and 41.4 per cent, respectively, of the total number
killed during spawning operations. Length measurements to the nearest
half-inch were taken of all fish examined for tuberculosis in an effort to
compare the size distribution of normal and tuberculous fish (Figures
4 and 5).
Data on the incidence of tuberculosis in the 1955 run of spring chinook
in the Middle Fork of the Willamette River are shown in Table 1. The
findings were reported separately on fish dying before and on or after
September 6 (the first day of seining), since the mortality rate may have
been influenced by the repeated seining and handling required for separation of mature fish for spawning, and because data were sought on the
effects of tuberculosis on fish survival during the holding period.
The total numbers of males and females listed in Table 1 are actual
counts, while the numbers of infected fish are estimates based on weighted
samples. The incidence of tuberculosis was calculated on the basis of an
examination of 53.4 per cent of the males and 78.4 per cent of the females
found dead before September 6; and on 91.3 per cent of the males and
92.4 per cent of the females found dead on or after that date. Tubercles,
usually miliary, were observed in the livers of some of the first fish found
dead. The incidence of tuberculosis among those killed for spawning
was determined on the basis of samples taken weekly; 22.4 per cent of
[
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TABLE 1.-INCIDENCE OF TUBERCULOSIS IN MALE AND FEMALE ADULT
SPRING CHINOOK SALMON, MIDDLE FORK WILLAMETTE RIVER, 1955
Fish
Found Dead
Before
September 6

Fish
Found Dead
On or After
September 6

Fish Killed
for
Spawning

Total Males
Tuberculous Males
Per Cent

206
92
44.7

265
24
9.1

2,480
193
7.8

2,951
309
10.5

Total Females
Tuberculous Females
Per Cent

134
29
2L6

540
15
2.8

694
24
3.5

1,368
68
4.9

Total Males and Females
Tuberculous Males and Females
Per Cent

340
121
35.3

805
39
4.9

3,174
217
6.8

4,319
377
8.7

Total

the males and 41.4 per cent of the females killed for spawning were examined. Data on tuberculosis in immature and marked salmon were based
on an examination of all such fish.
Table 1 above shows that the incidence of tuberculosis was much higher
in those fish which died before September 6 than on or after that date,
or which were killed for spawning. In general, tuberculous fish were
less able than the uninfected fish to survive the holding period preceding
spawning.
Figures 4 and 5 indicate that the majority of tuberculous fish were 32
inches or less in fork length and were considered to be 4-year-olds on
the basis of scale readings and comparison with marked fish whose ages

20

24

28

32

36

40

44

LENGTH IN INCHES
FIGURE 4. ADJUSTED LENGTH-FREQUENCY DISTRIBUTION OF MALE SPRING CHINOOK
SALMON, MIDDLE FORK WILLAMETTE RIVER, 1955.
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were definitely established. Age determination from scale readings was
difficult, due to scale absorption during the extended period the fish had
been in fresh water before spawning. The twenty-two 4-year-old marked
fish examined varied from 21 to 32 inches in fork length, and averaged
26 1/2 inches.

20

24

28

32

36

LENGTH IN INCHES
FIGURE 5. ADJUSTED LENGTH-FREQUENCY DISTRIBUTION OF FEMALE SPRING CHINOOK
SALMON, MIDDLE FORK WILLAMETTE RIVER, 1955.

It is generally believed that the majority of spring chinook from the
Willamette River normally return to spawn as 5-year-old fish, and annual
runs have been treated on a 5-year-cycle basis by Pulford (1955). It is
possible that the relatively large proportion of 4-year-old fish returning
to spawn in 1955 reflected the greater number in the parent run of 4-yearold fish. Counts of spring chinook over Willamette Falls (Table 2) show
that in 1951 the parent run of 4-year-old fish was over twice that in 1950,
the parent run of the 5-year-olds.
TABLE 2.-ANNUAL COUNTS OF ADULT SPRING CHINOOK SALMON AT THE
WILLAMETTE FALLS FISHWAY, 1950-19520
Year

Willamette Falls Fishway
Count (calculated)

1950
1951
1952

14,500
34,300
52,200

(Di From Pulford (1935)
[ 15]

Quantitative Studies, Middle Fork Willamette River, 1956
In order to obtain further evidence of the incidence of tuberculosis in
adult spring chinook, quantitative studies of the Middle Fork run were
continued in 1956. From the data obtained in 1955, it was clear that a
considerable number of adults were tuberculous and a large proportion
(35.3 per cent) of the fish that died before spawning operations began
on September 6 had tuberculosis.
In 1956, adult spring chinook were held in the main river below Dexter
Dam until August 1. Fish arrived in this area in early June, but those
that died in the main river between that time and August 1 could not
be recovered for examination. This was unfortunate, since the quantitative
aspects of the study were thereby limited to fish surviving beyond August 1.
When the holding ponds were opened on August 1, almost the entire
run entered within 24 hours. After the first two weeks a rather heavy
loss occurred, the definite cause of which was undetermined.
Procedures for determining the incidence of tuberculosis were essentially those used in 1955. As many dead fish as could be obtained in a
satisfactory condition were examined. Smears were prepared from the
livers of 1,444 individuals representing 97.6 per cent of the fish that died
in the holding ponds during the period August 1 to October 7. Smears
were stained by the Ziehl-Neelsen method and examined for the presence
of typical acid-fast bacilli.
Spawn-taking continued from September 7 until October 5. Smears
were prepared from random samples of males and females killed each
day. Marked fish were removed prior to selection of samples, in order
to avoid bias. Smears were taken from 269 males and 300 females
representing 50.9 per cent and 55.5 per cent, respectively, of the male and
female chinook killed during spawning operations. Fish examined for
the presence of tuberculosis were measured to the nearest half-inch.
Data on the incidence of tuberculosis in spring chinook from the 1956
run entering Dexter holding ponds is given in Table 3. The results of
examination of fish found dead before and on or after September 7 were
recorded separately. Since it was impossible to examine the fish that
died before the run entered the holding ponds, data on fish found dead
are only available for the periods August 1 to September 7, and September 7 to October 5. As indicated in Table 3, there was a high mortality
during both periods.
The total numbers of males and females listed in Table 3 are actual
counts, while the tuberculous fish were estimated on the basis of weighted
samples. During the study, 96.6 per cent of the males and 97.5 per cent
of the females that died before September 7, and 97.7 per cent of the
males and 98.2 per cent of the females dying on or after September 7,
were examined. Infected fish among those killed for spawning were
calculated from samples taken daily.
As in 1955, there was a considerably higher demonstrable incidence
of tuberculosis in fish dying prior to the initiation of spawning on September 6 than after that date, or among fish killed for spawning purposes.
[ 16]

TABLE 3.—INCIDENCE OF TUBERCULOSIS IN MALE AND FEMALE ADULT
SPRING CHINOOK SALMON, MIDDLE FORK WILLAMETTE RIVER, 1956
Fish
Found Dead
August 1 to
September 7

Fish
Found Dead
On or After
September 7

Number of Males
Tuberculous Males
Per Cent

232
49
21.1

263
17
6.6

527
31
5.9

1,022
97
9.5

Number of Females
Tuberculous Females
Per Cent

485
39
8.0

499
5
1.0

541
15
2.8

1,525
59
3.9

Number of Males and Females
Tuberculous Males and Females
Per Cent

717
88
12.3

762
22
2.9

1,068
46
4.3

2,547
156
6.1

Fish Killed
for
Spawning

Total

In 1956, tuberculosis was found in 12.3 per cent of the fish found dead
in Dexter holding ponds before September 7. In 1955, 35.3 per cent of the
fish that died in the holding ponds were tuberculous. However, these
figures are not strictly comparable since different periods of holding were
involved: in 1955, the holding period extended from late in May to September 6, whereas in 1956 it was from August 1 to September 7. In 1955,
advanced tuberculosis was found in dead fish in the holding ponds in early
June. Hence, in 1956 there may have been a corresponding mortality
among salmon with advanced tuberculosis during June and July, before
the fish were permitted to enter the ponds. Figure 6 shows the percentage
of tuberculous fish among those remaining in the holding ponds, by sex,
at weekly intervals. The decreasing proportion of infected fish as the
season progressed may be regarded as evidence that tuberculous individuals
were less capable of surviving the holding period than were uninfected
fish. No tuberculous fish were found among the last 350 in the ponds.
In contrast to 1955, the majority of salmon in the 1956 run were considered 5-year-old fish. The size distribution, by per cent, of male and
female spring chinook that comprised the 1956 run entering the holding
ponds are shown in Figures 7 and 8. Fourteen marked spring chinook
returning as 5-year-old fish ranged from 28 1/2 to 37 1/2 inches in fork length,
and averaged 34 inches. Although there was considerable overlapping in
size distribution of marked 4-year-old fish in 1955 and marked 5-year-old
fish in 1956, the general shape of the length-frequency curves strongly
suggests that the greater number of both males and females were 5-year-old
fish in 1956. The general absence of 4-year-olds in 1956, despite the high
count over Willamette Falls in the parent year 1952 (Table 2), was probably
due to decimation of the natural run by construction work at Lookout
Point Dam.
Quantitative Studies, Lower Columbia River, 1956
Tagging experiments conducted by the Oregon Fish Commission in
past years have shown that spring chinook salmon from the Willamette
[ 17 ]
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River run move into the Columbia from January through April, most of
them entering in February and March. The bulk of the chinook entering
the Columbia from January to May are considered to be headed for the
upper Columbia and its tributaries, particularly the Snake River system.
However, there is a substantial migration of spring chinook into the
Cowlitz and Willamette Rivers.
Quantitative studies of the incidence of tuberculosis were initiated in
1955 with the investigation of the spring chinook run in the Middle Fork
of the Willamette. Similar studies of spring chinook entering the Columbia
in 1956 were made during the last week of the February fishing season,
and again on April 30 and May 1. The chinook were caught by commercial.
fishermen in the lower 15 to 20 miles of the Columbia with gill nets and
landed at Astoria, Oregon. Smears were prepared from the livers, stained
by the Ziehl-Neelsen method, and examined for typical acid-fast bacilli.
As shown in Table 4, 12.3 per cent of the fish examined in February
and 10.5 per cent in May showed evidence of tuberculosis. In contrast,
8.7 per cent of the 1955 run and 6.1 per cent of the 1956 run of spring
chinook in the Dexter holding ponds were tuberculous. It is possible that
this lower incidence resulted from the death of some diseased salmon
before reaching Dexter. Another possibility is that stocks of spring chinook
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TABLE 4.-TUBERCULOSIS IN CHINOOK SALMON TAKEN IN THE COLUMBIA
RIVER GILL-NET FISHERY AND LANDED AT ASTORIA,
FEBRUARY AND MAY, 1956

Month

Number of
Fish
Examined

Number of
Tuberculous
Fish

Per Cent
Tuberculous

February
May®

284
408

35
43

12.3
10.5

® Caught on April 30 and May 1.

migrating into the Columbia River were more heavily infected than the
run in the Middle Fork of the Willamette.
Another explanation may be advanced to account, at least in part, for
the relatively high incidence of tuberculosis in chinook taken in the commercial gill-net fishery: namely, that some of these fish were tuberculous
fall chinook. Although the salmon found in the Columbia during February
and May are generally known as spring chinook, fin-marked fish recovered
during these periods have been identified as hatchery-reared fall chinook.
As shown later, a relatively high incidence of tuberculosis was found in
some stocks of fall chinook. Table 5 provides data on the recovery of
marked fish from two groups of the 1952-brood fall chinook reared at the
Bonneville Hatchery and marked by fin clipping.
Only a few of the fish caught were identified as fall chinook from the
Bonneville Hatchery. However, data in Table 5 show that some of these
fish were in the lower Columbia River at various seasons of the year.
Since these fish were taken in the winter and spring of 1956, the relatively
high incidence of tuberculosis among chinook taken in the gill-net fishery
in February and May 1956 may have been due, in part, to the presence
of tuberculous fall chinook in the lower Columbia River. As shown later
(Table 12), tuberculosis was found in all marked fish from the two groups
which returned as adults to the Bonneville Hatchery in the fall of 1956.
TABLE 5.—CATCH OF FIN-MARKED FALL CHINOOK SALMON FROM THE
BONNEVILLE HATCHERY IN THE COLUMBIA RIVER COMMERCIAL
GILL-NET FISHERY, 1955 AND 1956
Numbers of Fish Caught by Year
Group 2®

Group /0
Season Caught

Winter (February 1—March 1)
Spring (April 30—May 27)
Summer (June 30—July 15)
Fall (August 1-26)
(September 16—November 30)

1955

1956

1955

1956

0
0
0
1
7

0
12
8
5
0

0
0
0
1
0

1
2
0
2
0

C) Group 1 consisted of 105,000 fall chinook salmon of the 1952 brood marked adipose-both
ventral and released after five months' rearing at the Bonneville Hatchery.
C) Group 2 consisted of 206,000 fall chinook salmon of the 1952 brood marked dorsal-anal and
released after five months' rearing at the Bonneville Hatchery.
[
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The McKenzie River, 1956
The McKenzie River, one of the tributaries of the Willamette, supports
a major run of spring chinook. Although a hatchery is maintained on the
McKenzie for rearing spring chinook, it is generally recognized that the
bulk of the run is the result of natural propagation. No attempt was
made to carry out a quantitative study on the incidence of tuberculosis
in McKenzie River salmon. However, tuberculosis was found in 4 out of
31 adult spring chinook examined after death at the egg-collecting station
of the McKenzie Hatchery.
Studies of Marked Spring Chinook Salmon, Middle Fork Willamette River,
1955 and 1956
As noted earlier, a number of marked adult fish in the 1955 and 1956
spring runs in the Middle Fork of the Willamette River were segregated
in order to obtain evidence of the incidence of tuberculosis in spring chinook
known to have been reared in the hatchery. The great majority of the
adults moving into the Middle Fork in 1955 and 1956 were unmarked,
and there was no way to distinguish between fish derived from natural
and artificial propagation.
Five groups of spring chinook of the 1951 brood year were marked by
fin excisions prior to release from the Oakridge Hatchery into Salmon
Creek, a tributary of the Middle Fork. These fish were reared for periods
ranging from 3 to 12 months before release in an experiment designed to
determine the optimum period of rearing in the hatchery. Available data
on the marked fish are summarized in Table 6.
Two marked fish returning as jacks (precocious males) in 1954 and
one in 1955 were not examined. All other fish were examined for tuberculosis by the methods described earlier.
Although final conclusions could not be drawn, in view of the small
number of specimens, the data indicated that incidence of tuberculosis
was directly related to the time of rearing in the hatchery. Thus, the
disease was found in 5 out of 19 fish reared 5 months or less and returning
in 1955 and 1956. On the other hand, 16 out of 16, or 100 per cent, of the
fish reared 8 months or longer were tuberculous on their return from
the sea. Another point of interest is that there were no mature females
among the tuberculous fish reared 8 months or longer. Five females were
in this category, all sexually underdeveloped, returning in 1955. Four
of these were from the group marked D-LV, while the fifth was the only
one returning from the 32,000 fish marked LP.
Although tuberculosis had been found in considerable numbers of adult
chinook up to this time, there was no concrete evidence that the disease
was contracted at sea or prior to seaward migration. However, the data
on marked spring chinook indicated that the incidence of tuberculosis
was influenced by the length of hatchery rearing. This was the first
definite evidence that the disease may be contracted in hatcheries rather
than in the sea.
Studies at Oakridge Hatchery, 1955 and 1956
In view of the preceding observations, it was anticipated that tuberculosis might be found in young hatchery-reared salmon prior to liberation,
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TABLE 6.-INCIDENCE OF TUBERCULOSIS IN FIN-MARKED SPRING CHINOOK
SALMON OF THE 1951 BROOD, MIDDLE FORK WILLAMETTE RIVER
Number
Number of
Tuberculous of Mature
Number of
Length
Number of of Rearing Fish Returning Fish Returning Females
Fish
Period
1955 1956
1954 1955 1956
1955 1956
(months)
Released

Fin Mark

Dorsal (D)
Left Ventral (LV)
Left Pectoral (LP)
Anal (An)
Dorsal-Left Ventral (D-LV)

32,000
32,000
32,000
31,000
221,000

3
5
8
10
12

0
10
0
0
1®

3
5
1
1
12®

4
7
0
1
2

2
1
1
1
11

1
1
0
1
2

0
1
0
0
0

2
4
0
0
0

@ Not examined for tuberculosis.
g Eleven examined for tuberculosis.

provided the disease had developed sufficiently to be recognizable by
available techniques. It was important to determine whether tuberculosis was present in fish reared in hatcheries before migration to the
sea. Several stocks of hatchery-reared fish were available for examination
at Oakridge Hatchery in the fall of 1955. The bulk of the fish were yearling
spring chinook since it was common practice to rear these fish for 12
to 14 months before release. A few were spring chinook whose ages
were estimated at 2, 3, and 4 years on the basis of scale studies. These
fish were inadvertently held at the hatchery because they jumped the
divider into a pond containing steelhead trout (Salmo gairdnerii) maintained for show purposes. The steelhead were approximately 3 years
old in the fall of 1955. Finally, a stock of yearling steelhead trout was
also held at the hatchery. Data on the incidence of tuberculosis in the
several stocks of hatchery fish are recorded in Table 7.
TABLE 7.-TUBERCULOSIS IN SPRING CHINOOK SALMON AND STE1ELHEAD
TROUT HELD IN FRESH WATER AT OAKRIDGE HATCHERY, 1955-1956
Species

Number of
Tuberculous Fish

Age Group
(years)

Number of
Fish Examined

1
2
3
4

20
8
10
1

0
1
4
1

1
3

20
220

0
220

Spring chinook salmon

Steelhead trout

No evidence of tuberculosis was found in the yearling spring chinook
and steelhead either by gross examination or smears stained by the
Ziehl-Neelsen method. However, tuberculosis was observed in many older
fish, showing that the disease could be contracted in the hatchery, without migration to the sea. Although only a few 2-, 3-, and 4-year-old
chinook were available for examination, the data indicated that demon[ 22 ]

strable tuberculosis increased with age. It is obvious that tuberculosis
was widespread in the stock of 3-year-old steelhead trout. (Further
information on this lot is presented on page 28.) Since the disease was not
demonstrable by the stained-smear technique in either the yearling spring
chinook or steelhead, it is possible that these particular stocks were free
from tuberculosis. However, it is also possible that the disease may
ordinarily take longer than a year to be detected by the methods employed.
Robert R. Rucker (personal communication) found typical acid-fast
bacilli in a number of juvenile spring chinook approximately 8 months
old at the Wind River Hatchery of the U. S. Fish and Wildlife Service
in the State of Washington. Since deaths had occurred in this stock,
it is possible that a relatively virulent strain of tubercle bacillus was involved.
Quantitative Studies, Middle Fork Willamette River, 1957
In 1953, Lookout Point Dam created a complete block to upstream
migration of spring chinook in the Middle Fork of the Willamette, thereby
eliminating access to natural spawning grounds. The impact of construction was undoubtedly felt earlier and the 1952 run of spring chinook
salmon in the Middle Fork probably was decimated. Little natural
spawning was observed that year and only a few fish reached the Oakridge Hatchery. As shown earlier, the majority of the 1956 run of spring
chinook consisted of 5-year-old fish, and there was a general absence of
4-year-old fish in spite of the very high count at Willamette Falls in
the parent year, 1952.
Since there was little evidence of natural spawning in the Middle
Fork below Lookout Point Dam in 1952 and 1953, and nearly all available eggs were taken for artificial propagation in 1953, it was anticipated
that the 1957 run of spring chinook would consist mainly of hatcheryreared fish.
According to the records, about 1,200,000 spring chinook of the 1953
brood were reared at Oakridge and released into the Middle Fork. These
included 400,000 McKenzie River fish fed for approximately 16 weeks
at McKenzie Hatchery before being transferred to Oakridge for further
rearing. The balance were from the Middle Fork of the Willamette.
The young spring chinook were reared for periods ranging from 10 to
14 months. The 66,000 fish in one group were reared for 14 months and
marked by excision of the adipose and right ventral fins (Ad-RV) ;
they ranged from 7.1 to 13.5 to the pound at the time of release.
In the 1957 season, 1,349 adult spring chinook entered Dexter holding ponds. Following the methods used in 1955 and 1956, 246 of 265
females and 359 of the 1,084 males were examined for tuberculosis.
Evidence of the disease was found in 62.3 per cent of the males and 45.3
per cent of the females, or 58.9 per cent of the entire group. Fifty-five
of the 1953 brood which had been marked by excision of the adipose
and right ventral fins entered Dexter holding ponds in 1957 as 4-year-old
fish and 12 were recovered at the egg-collecting station on the McKenzie
River. Tuberculosis was found in 46 of the 53 males and 13 of the 14
females, or 88.1 per cent of the entire group.
[
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Estimates of the ages of unmarked male and female salmon of the
1957 run were made by comparing fork lengths with those of the finmarked 1953 brood known to be 4 years old. The 46 fin-marked 4-yearold males ranged from 22.0 to 35.0 inches and averaged 28.4 inches. The
unmarked male salmon entering the holding ponds averaged 27.7 inches,
with over 95 per cent between 22.0 and 35.0 inches. The 14 fin-marked
females ranged from 28.5 to 33.5 inches and averaged 31.0 inches. Females
entering the ponds averaged 31.9 inches, with 70 per cent in the range
of 25.0 to 34.0 inches. In view of these measurements, the majority of the
1957 run were 4-year-old fish. The apparent scarcity of 5-year-old fish,
coupled with the earlier finding that there were very few 4-year-olds
in the 1956 run, clearly indicates that the spawning of the 1952 run of
spring chinook in the Middle Fork was nearly a complete failure—
probably due to construction of the dam.
Since there was little evidence of spawning below Lookout Point Dam
in 1953, the majority of fish returning in 1957 as 4-year-olds were probably hatchery reared. Incidence of tuberculosis in these fish was 58.9
per cent, much higher than that found in 1955 and 1956, when 8.7 and
6.1 per cent, respectively, of the salmon entering Dexter holding ponds
were tuberculous. However, most of the fish examined in 1955 and 1956
were probably naturally spawned, since the incidence of tuberculosis among
the small number of marked fish examined during these years was very
high (Table 6).
Tuberculosis was more prevalent in the 67 fin-marked 4-year-old fish
(88.1 per cent) than in the general population of adult chinook returning in 1957 (58.9 per cent). While there may be a question about the
significance of the percentage difference, it is possible that the marked
fish received more than the average amount of infected food. According to the records, the 66,000 marked fish (Ad-RV) were from McKenzie
River stocks, and were planted in the Middle Fork of the Willamette one to
two months later than the balance of the 400,000 McKenzie fish held at
Oakridge Hatchery. The fish were fed salmon carcasses at the McKenzie
Hatchery for about 16 weeks before being transferred in 1953 to Oakridge,
where they were on a regular diet including viscera from salmon taken in
the commercial fishery. It is very likely that some of this viscera came
from tuberculous fish. It may be recalled that the disease was found
in salmon taken in the commercial gill-net fishery in the lower Columbia
in 1953 as well as in Willamette River spring chinook in 1953, 1954, and
later.
It was shown earlier (Table 6) that tuberculosis was present in all
marked 1951-brood spring chinook which had been reared for 12 months
at the Oakridge Hatchery and eventually returned to Dexter holding
ponds. Therefore, it seemed pertinent to compare the degree of infection
in these fish with that in the marked 1953-brood chinook returning in
1957—the smears from the 1951 brood were still available. On the basis
of relative numbers of acid-fast bacilli observed during a 5-minute
examination, the smears were arbitrarily rated on a 1 to 5 basis. Fish
whose smears were rated as 1 or 2 were considered lightly infected,
and those whose smears were rated 3, 4, or 5, heavily infected. The
[
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results, given in Table 8, indicate that not only the incidence but also
degree of infection was lower in the 1953 than 1951 brood of fin-marked
fish returning as 4-year-olds. Although no single factor may account
fully for these differences, it is possible that the 1951-brood fish received
more infected food than the 1953 brood. As Table 6 shows, tuberculosis
was much more prevalent among the 1951 brood of spring chinook reared
in the hatchery for 8 months or longer than those reared 5 months or
less. Since viscera as well as salmon carcasses were fed to these fingerlings, the probability of infection would be greater in fish reared for longer
periods, and reinfection, or repeated infection, would lead to a more
severe form of the disease.
Table 8 also indicates that there was a very much better return of
the 1953 than 1951 brood as 4-year-olds. While many factors influence
the survival of salmon from a particular brood after liberation from the
hatchery, it is reasonable to assume that variation in incidence and degree
of tuberculosis infection accounts for some of the differences in returns
TABLE 8.-TUBERCULOSIS INFECTION, RATED BY RELATIVE NUMBER OF
ACID-FAST BACILLI IN SMEARS, IN RETURNING MARKED 1951AND 1953- BROOD ADULT SPRING CHINOOK SALMON FROM
THE MIDDLE FORK WILLAMETTE RIVER

Fin Mark

Brood

Number of
Fish
Released

D-LV
Ad-RV

1951
1953

221,000
66,000

Rating
(Relative Number of
Acid-Fast Bacilli in
Smears of Returning
Fish)
Neg.

0
8

1

2

3

4

5

Number of
Fish
Recovered

0
22

0
12

1
12

5
8

5
5

12C
67

Estimated
Incidence
of
Tuberculosis
(per cent)

100
88.1

C) Smears were not made from 1 fish.

from the two stocks of marked fish. Of the 221,000 chinook of the 1951
brood marked and released after 12 months rearing at Oakridge Hatchery,
only 12 returned to Dexter holding ponds in 1955 as 4-year-olds (Table 6)
1 was lost before microscopic examinations were made, but the remaining 11 (Table 8) were classed as heavily infected with tuberculosis.
The relatively higher proportion of 1953 brood fin-marked salmon returning as 4-year-olds in 1957, coupled with the lower incidence and
degree of infection, indicates that tuberculosis was of lesser importance
in this stock than in the 1951 brood. Hence, unless limited by other factors,
there should be sizable returns of marked 1953-brood fish in 1958, since
spring chinook of the Willamette River runs are normally considered.
5-year-old fish. Whether this proves to be the case remains to be determined.
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COMPARATIVE STUDIES OF TUBERCULOSIS IN
WILD AND HATCHERY FISH
To obtain evidence of the incidence of tuberculosis in wild fish (resulting from natural propagation) compared with fish reared in hatcheries,
studies were extended to several stocks of silver salmon and chum salmon
(0. keta).
Tuberculosis was found in several silver salmon returning as adults
to coastal hatcheries of the Oregon Fish Commission in the fall of 1955.
The disease was widespread in a stock of Quilcene silver salmon reared
for 14 months at the Quilcene Hatchery of the U. S. Fish and Wildlife
Service, held at the Minter Creek Hatchery of the Washington State
Department of Fisheries for nearly 10 months, and brought to the experimental hatchery at the University of Washington. Advanced tuberculosis
was found in some fish from this group that died when approximately
2 years old. Subsequently, several lots of 2-year-old silvers were selected
on a random basis and, tuberculosis was discovered in over 75 per cent
of the specimens examined.
Silver salmon spend approximately one year in fresh water before
migrating to the sea in the spring of their second year. Most fish return
to spawn as 3-year-olds, although a number of precocious fish, known
as jacks, return as 2-year-olds. The Oregon Fish Commission has an
extensive program of artificial propagation of silver salmon. The hatchery
rearing period generally corresponds to the fresh-water rearing period
of wild fish, and the fingerlings are usually liberated in the spring of
their second year.
According to Henry (1954), chum salmon from the Tillamook Bay area
migrate to sea shortly after emerging from the gravel in which the eggs
develop, and normally return to spawn as 4-year-old fish. Since there
is very little artificial propagation of this species in Oregon, any adult
chums examined would likely be wild fish. The chum salmon actually
were from streams entering or near Tillamook Bay (Figure 1).
Fin-marked silvers were obtained primarily at Nehalem Hatchery
located on Foley Creek, a tributary of the Nehalem River, and Big Creek
Hatchery on Big Creek, a tributary of the lower Columbia. Seventy marked
fish from the Nehalem River and 164 from Big Creek were examined.
All were 3 years old upon their return in 1956 and had been reared for
approximately 1 year before marking and release. One marked jack silver
from the Little Nestucca River was also examined.
The bulk of the wild fish examined were silvers from tributaries of
Tenmile Lakes. Except for a small number of marked silvers in 1956,
no hatchery fish have been liberated in Tenmile Lakes in recent years.
No returns from the marked fish planted in 1956 were observed. The
fish examined included 144 adult and 40 jack silver salmon from Tenmile
Lakes; one jack silver from the Kilchis River; and 22 adult chums from
the Nestucca, Little Nestucca, and Kilchis Rivers, and Whiskey Creek.
Studies were also made of unmarked adult silvers taken during spawning operations at the South Coos, Nehalem, and Klaskanine Hatcheries.
Fish from the South Coos Hatchery were examined to determine whether
[26]

tuberculosis was present in silver salmon taken in the same general region
as Tenmile Lakes (Figure 1). It was assumed that the bulk of the silvers
in the South Coos River resulted from artificial propagation, since most
of the natural spawning grounds had been destroyed by splash dams.
Natural production of silver salmon occurs in Foley Creek on which the
Nehalem Hatchery is located, and in the Klaskanine River where the
Klaskanine Hatchery is located. Hence the unmarked adult salmon returning to these streams could be wild fish or unmarked fish reared at
the hatcheries.
Smears were prepared from the kidney tissues. It was somewhat simpler
to make kidney smears from some specimens frozen prior to examination.
As before, all smears were stained by the Ziehl-Neelsen method and
examined for typical acid-fast bacilli. The results from silver and chum
salmon are shown in Table 9.
TABLE 9.-INCIDENCE OF TUBERCULOSIS IN WILD AND HATCHERY FISH, 1956

Location

Wild Fish
Little Nestucca River
Nestucca River
Whiskey Creek
Kilchis River
Kilchis River
Tenmile Lakes
Tenmile Lakes

Number of
Fish
Examined

Species

Chum (Adults)
,
Chum
,
Chum
Chum
Silver (Jacks)
Silver "
Silver (Adults)
)7

Total
Marked Fish Taken at Hatcheries
Big Creek Hatchery
Nehalem Hatchery
Little Nestucca River

Silver (Adults)
"
Silver
Silver (Jacks)

Total
Unmarked Fish Taken at Hatcheries
Klaskanine Hatchery
Klaskanine Hatchery
Nehalem Hatchery
South Coos Hatchery

Silver (Jacks)
Silver (Adults)
,,
Silver
Silver
7,

Total

Number of
Tuberculous
Fish

6
8
6
2
1
40
144

0
0
0
0
0
0
0

207

0

164
70®
1

164
70T1

235

235

86
30
14
10

28
14
7
9

140

58

,() Includes 1 fish marked at the Nehalem Hatchery and recovered in Big Creek.

No evidence of tuberculosis was found in either the wild silvers from
Tenmile Lakes and Kilchis River or in the adult chum salmon examined.
In sharp contrast, acid-fast bacilli typical of tuberculosis were discovered
in all marked silver salmon reared in hatcheries, and in a considerable
[
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proportion of the unmarked fish taken at hatcheries on streams where both
natural and artificial propagation occurred.
Tuberculosis was present in 9 of the 10 unmarked fish taken at the South
Coos Hatchery. Hence the disease was found in silver salmon in this
region. Approximately half the unmarked adult silvers examined at the
Klaskanine and Nehalem Hatcheries, and a third of the jacks from Klaskanine Hatchery, were tuberculous. Since these fish were unmarked,
it is impossible to determine whether the tuberculous specimens came from
hatcheries or were naturally-spawned fish infected during the initial
period of residence in fresh water. The possibility must be considered
that tuberculosis may become established in a natural population of fish
as a result of upstream migration of tuberculous adult salmon originally
reared in a hatchery.
Additional observations were made of silvers returning to spawn in
Cedar Creek, a tributary of the Sandy River. The Sandy Hatchery,
located on Cedar Creek, is mainly concerned with propagation of silver
salmon. Tuberculosis was found in 81 of 169 adult silvers. Three marked
silvers, originally reared at the Sandy Hatchery and planted in a tributary
of the Willamette River, returned to Cedar Creek as adults. All were
tuberculous.

TUBERCULOSIS IN STEELHEAD TROUT
In an earlier section it was noted that tuberculosis had been found in
a number of steelhead trout, approximately 3 years of age, held at Oakridge Hatchery for show purposes. Although the records are incomplete,
available information on this stock is of considerable interest.
Approximately 35,000 eyed steelhead eggs, taken in June 1952 at the
egg-collecting station at Minto Pool on the North Santiam River, were
transferred to Oakridge Hatchery for hatching and rearing. During the
summer of 1953 they were graded and the smaller fish liberated. The
larger fish were retained for further rearing. Although no actual count
was made, it is estimated that at least 3,000 fish remained. In the spring
of 1955, a few of these fish began to ripen but the majority died after
developing extensive Saprolegnia infections. A few eggs were taken by
hatchery personnel, but nearly all proved to be infertile.
Unfortunately, none of the steelhead trout were examined for tuberculosis until the fall of 1955. At this time, a number of fish found dead
were examined and all showed evidence of advanced tuberculosis. This
was of particular interest because it was found that occurrence of the disease in marked adult spring chinook returning in 1955 was influenced by
the period of rearing in the hatchery. Demonstration of tuberculosis in
these steelhead trout showed clearly that the disease could be contracted
in the hatchery. Between September 19, 1955 and April 19, 1956, 220
steelhead trout from this group (of which a large proportion were found
dead) were examined and all had acid-fast tubercle bacilli in their livers.
Eighteen steelhead trout transported to the University of Washington's
experimental hatchery in November 1955 were tuberculous. Subsequently,
[
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additional fish were sacrificed, and some fish dying naturally were examined. All were tuberculous. The steelhead trout varied widely in size,
but the smaller specimens had much larger numbers of acid-fast bacilli
in their visceral organs. Further deaths occurred in this stock and at last
observation (February 1957) only a few were alive.
Three adult steelhead considered to have returned from the approximately 30,000 liberated in 1953 from Oakridge Hatchery were recovered
from holding ponds below Dexter Dam during the summer of 1956 and
found tuberculous. As none of the 30,000 fish of the 1952 brood were
marked, positive identification of these 3 as from the 1953 liberation
is impossible. However, there is no evidence of a previous run of steelhead trout in the Middle Fork of the Willamette.
In 1956, three small groups of marked 4-year-old steelhead were
examined on their return from the sea to Minto Pool on the North Santiam
River. All were of the 1952-brood and of the same run as the steelhead held in fresh water at Oakridge Hatchery; they had been reared at
the Marion Forks Hatchery on the North Santiam, which together with
the South Santiam forms the Santiam River, one of the larger tributaries
of the Willamette. Steelhead trout and spring chinook are both indigenous
to the North Santiam and are propagated at the Marion Forks Hatchery.
The three groups of steelhead had been marked and released after various
rearing periods for the purpose of evaluating the effects of size and age
upon survival. As indicated in Table 10, acid-fast bacilli were found
in the visceral organs of all fish examined.
TABLE 10.-TUBERCULOSIS IN MARKED 4-YEAR-OLD STEELHEAD TROUT
RETURNING TO THE NORTH SANTIAM RIVER, 1956
Length of
Rearing Period
(months)

Fin Mark

9
14
20

Adipose-Right Ventral (Ad-RV)
Dorsal-Left Ventral (D-LV)
Dorsal-Right Ventral (D-RV)

Number of
Fish
Examined

Number of
Tuberculous
Fish

15
3

15
3
5

5

Additional information on tuberculosis in steelhead trout was gathered
from fish which entered Dexter holding ponds of the Oakridge Hatchery
in 1957. During April, May, and June, 223 adults entered the ponds. It
is highly probable that these fish were from the 1953 brood reared at the
hatchery and liberated in 1954; 45 found dead and 63 taken alive were
examined for tuberculosis, and the fork length and sex recorded. Smears
of all but one male were positive for tuberculosis.
On the basis of the numbers of acid-fast bacilli observed, positive smears
were arbitrarily rated on a 1 to 5 scale following a 5-minute examination.
The fish whose smears were rated as 1 or 2 were classed as lightly infected; 3, 4, or 5, heavily infected. The average fork length of heavilyinfected fish was 0.6 to 1.3 inches less than that of the lightly-infected
(Table 11), thus agreeing with the general observation, made earlier, that
[
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smaller steelhead trout held in fresh water at Oakridge Hatchery appeared
to be more heavily infected.
TABLE 11.-AVERAGE FORK LENGTH OF HEAVILY- AND LIGHTLY-INFECTED
STEELHEAD TROUT, BY SEX AND CONDITION, DEXTER HOLDING
PONDS, MIDDLE FORK WILLAMETTE RIVER, 1957
Lightly Infected

Sex

Number
of
Fish

Heavily Infected

Average
Fork Length
(Inches)

Number
of
Fish

Average
Fork Length
(Inches)

Killed for Examination:
Males

11

28.5

12

27.2

Females

13

27.2

15

26.1

10

27.7

19

26.5

6

26.2

10

25.6

Found Dead:
Males
Females

TUBERCULOSIS IN ADULT FALL CHINOOK SALMON
The occurrence of tuberculosis in salmon was first established as a
result of examining kidney specimens from sexually-underdeveloped adult
fall chinook returning to the Bonneville Hatchery in 1952. Each showed
multiple macroscopic lesions which contained huge numbers of acid-fast
bacilli. Quantitative evidence of the incidence of the disease in the 1952
run to the Bonneville Hatchery was not obtained.
In the fall of 1956, 18 marked 4-year-old fall chinook returning to this
hatchery were examined and all were found tuberculous. These fish
were progeny of the 1952 run in which tuberculosis was first discovered.
One, marked by excision of dorsal and anal fins (D-An), was the only
individual returning from a group of 206,000 reared for 5 months, marked,
and planted in the spring of 1953. The remaining 17, marked by excision
of adipose and both ventral (Ad-BV), were survivors from a group of
105,000 also reared for 5 months at the hatchery. In Table 5 it was shown
that marked fish from these two groups of Bonneville fall chinook had
been taken at various times of the year in the commercial gill-net fishery
in the lower Columbia.
A number of unmarked fall chinook, taken on several days during
the 1956 spawning season at the Bonneville Hatchery, were also examined.
Approximately 60 per cent of the females and 20 per cent of the males
were found tuberculous. Since examinations were made during the early
part of the run, the results may not be representative. Available data on
the incidence of tuberculosis in the 1956 run of fall chinook at the Bonneville Hatchery are summarized in Table 12. Hatchery personnel estimate
that approximately 5 per cent of the adult females entering the eggcollecting ponds at the hatchery in 1956 were sexually underdeveloped.
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TABLE 12.-INCIDENCE OF TUBERCULOSIS IN ADULT FALL CHINOOK
SALMON, BONNEVILLE HATCHERY, 1956
Marked Fish®

Number of fish examined
Number of tuberculous fish

Unmarked Fish

Male

Female

Male

Female

6
6

12
12

15
3

71
43

These were the only fish returning from 311,000 reared 5 months and marked (D-An or
Ad-BV) before release.

Additional evidence of tuberculosis in adult fall chinook was obtained
from marked fish at the Ox Bow Springs Hatchery, located on Herman
Creek, a small tributary entering the Columbia River a few miles above
Bonneville Dam. Fall chinook are extensively propagated at this hatchery.
Four groups of 1952-brood fall chinook were marked by single-fin excision
and released into Herman Creek at monthly intervals following April 1953
in a study of the effects of time of release. The marked fish which returned
to the hatchery in the fall of 1956 were examined for tuberculosis. Pertinent
data are summarized in Table 13.
TABLE 13.-TUBERCULOSIS IN MARKED 4-YEAR-OLD FALL CHINOOK
SALMON RETURNING TO OX BOW SPRINGS HATCHERY, 1956

Mark

Adipose (Ad)
Right Ventral (RV)
Left Ventral (LV)
Dorsal (D)

Length
of Rearing
(months)

Number of
Fish Released

Number of
Fish. Returning
as Adults

Number of
Tuberculous
Fish

105,000
106,000
103,000
53,000

10
5
1
3

10
3
1
3

3
4
5
6

As shown in Tables 12 and 13, the incidence of tuberculosis was very
high in marked chinook salmon of the 1952 brood that returned to the
Bonneville and Ox Bow Springs Hatcheries in 1956. It should be noted
that some of the salmon carcasses taken during spawning operations and
fed to young fish of the 1952 brood at Bonneville were tuberculous.
Table 12 shows that the incidence of tuberculosis was higher in marked
fall chinook than in unmarked fish returning to the Bonneville Hatchery
in 1956. Since the run of salmon into Tanner Creek is largely the result
of artificial propagation, it is likely that prevalence of tuberculosis might
be due to the period of rearing in the hatchery, as suggested by the study
of marked spring chinook returning to the Middle Fork of the Willamette
in 1955 and 1956.
As stated above, the two groups of marked fish were reared for 5
months. In comparison, nearly all the 13,300,000 unmarked fall chinook
were reared at Bonneville Hatchery for less than 4 months before liberation in Tanner Creek; in fact, somewhat over 6,300,000 were released
after less than one month.
Studies of tuberculosis in fall chinook were confined to the relatively
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few fish at two hatcheries near Bonneville Dam. In view of the extraordinary prevalence of tuberculosis in the fish examined, much more
attention should have been paid to the study of fall chinook, particularly
in the Columbia River system. This would have been particularly pertinent in view of the sharp decline in fall chinook runs to Bonneville and
Ox Bow Springs Hatcheries beginning with the 1953 season.

OBSERVATIONS OF SEXUALLY-UNDERDEVELOPED FISH
The first tuberculous salmon observed were sexually-underdeveloped
fall chinook which had returned to the Bonneville Hatchery. Attention was
aroused by their bright external color and the lack of secondary sexual
characteristics normally shown by spawning salmon. Tuberculosis in adult
spring chinook in the Middle Fork of the Willamette River was also first
seen in sexually-underdeveloped fish. However, further studies of spring
chinook revealed that the effects of tuberculosis on sexual development
was not necessarily characteristic of the disease, since most tuberculous
fish exhibited apparently normal sexual development. Table 14 lists data
on sexual underdevelopment among tuberculous fish in the 1955 and 1956
runs of spring chinook in the Middle Fork of the Willamette. Typical
acid-fast bacilli were found in the visceral organs of all sexually-underdeveloped specimens, although gross lesions were not always present.
TABLE 14.-INCIDENCE OF SEXUAL UNDERDEVELOPMENT IN TUBERCULOUS
SPRING CHINOOK SALMON, MIDDLE FORK WILLAMETTE RIVER,
1955 AND 1956

Year

Per Cent of
Tuberculous Fish
Showing
Sexual Underdevelopment

Sex

Number
of Tuberculous
Fish

Number
of Sexually'Underdeveloped
Fish

Males
Females

309
68

6
33

1.9
48.5

Males
Females

97
59

1
1

1.0
1.7

1955

1956

It is apparent from this table that in 1955 a considerable proportion
of the females (48.5 per cent) were sexually underdeveloped, compared
with a very low proportion of males (1.9 per cent). In contrast, all but
2 of the 156 examined in 1956 were mature. It may be recalled that the
bulk of spring chinook returning in 1955 were considered 4-year-old fish
and in 1956 5-year-olds. Hence, it would appear that sexual development of 4-year-olds is more frequently affected by tuberculosis than of
5-year-old fish. Further, 5 of the 16 tuberculous marked fish returning
in 1955 as 4-year-olds were sexually underdeveloped, whereas the 5
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marked tuberculous fish, all males, which returned in 1956 as 5-year-olds
were sexually mature.
In contrast to the findings on fall and spring chinook, all tuberculous
adult silver salmon examined in 1956 were considered sexually mature.
The marked silvers were 3-year-old fish and infection was relatively light
in most of them. Yet, it is evident that further consideration should be
given to the possibility that tuberculosis may interfere with sexual maturation, or with the normal migration pattern of spring and fall chinook.
Ernest R. Jeffries (personal communication, 1954) points out that a
number of chinook weighing 15 to 25 pounds, mostly sexually-underdeveloped females, enter the Bonneville Hatchery area in April and May
of each year during the run of spring chinook in the Columbia. Some
of these fish were examined in the spring of 1953 and tuberculosis was
diagnosed on gross examination and later confirmed from kidney specimens
at the Department of Microbiology of the University of Washington.

MISCELLANEOUS OBSERVATIONS
A female blueback salmon suffering from tuberculosis was captured in Salmon Creek near the Oakridge Hatchery in the summer
of 1956. It was about 11 inches long, fully mature, and on the basis of
scale examination had spent its entire life in fresh water. Since blueback
are not indigenous to the Willamette River, this fish probably had escaped
as a fingerling from a hatchery pond and belonged to a group transferred
from the Leavenworth Hatchery of the U. S. Fish and Wildlife Service
to Oakridge Hatchery for use in experimental studies on the Willamette.
An adult blueback caught near the mouth of the Columbia exhibited
symptoms similar to those of tuberculosis. However, examination of
stained smears showed that an acid-fast nocardia with an extensively
branched mycelium was present in the visceral organs. Whether there
is any relationship between this nocardia and the typical acid-fast bacilli is
not known. These observations show that blueback salmon are subject
to tuberculosis or tuberculosis-like infections.
Tuberculosis has also been found in rainbow trout, first observed in
brood stocks at the Oregon Game Commission's trout hatchery near Oakridge—in 3-year-old brood fish in 1956 and 4-year-old fish in 1957, when
examinations were made during the spawning season.

GENERAL DISCUSSION
Until now, relatively little attention has been paid to the study of
tuberculosis in fish. From the literature it is apparent that tuberculosis
has been reported in only occasional marine or Temperate Zone freshwater fishes, and serious outbreaks have been found only in tropical
fresh-water fishes. Tuberculosis in salmonoids was first reported by Earp,
Ellis, and Ordal (1953). The present study shows that the disease is
widespread in salmonoids in the Pacific Northwest, and that the incidence
is particularly high in some stocks.
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There is reason to believe that tuberculosis in salmonoids has been
profoundly influenced by cultural procedures in salmon and trout hatcheries.
A very high percentage of marked chinook salmon, silver salmon, and
steelhead trout reared in hatcheries and examined on their return from
the sea were tuberculous. There was clear indication that incidence of
the disease in some of these fish was proportional to the period of hatchery
rearing. In contrast, demonstrable tuberculosis was very much less in
salmon runs known to include both wild and hatchery fish, as in the
1955 and 1956 runs of spring chinook in the Middle Fork of the Willamette
and unmarked silvers from several streams. No tuberculosis was found
in a number of wild silver and chum salmon from the coastal region
of Oregon, examined in the fall of 1956. Of course, more comprehensive
studies must be made of known stocks of naturally-propagated salmonoid
fishes before the conclusion can be drawn that wild fish are essentially
free from tuberculosis. These studies should involve fall, summer, and
spring chinook, blueback, and silver salmon as well as steelhead trout.
The wide distribution of hatchery-reared fish in most streams of the
Pacific Northwest would tend to complicate the evaluation of such studies.
The present study found a rather considerable incidence of tuberculosis
in unmarked adult salmon taken in streams where both natural and
artificial propagation occurred. While these fish were probably mainly
of hatchery origin, the possibility must be considered that the disease
may become established in natural populations as a result of upstream
migration and spawning of tuberculous adult salmon originally reared
in hatcheries.
A likely method of dissemination is the practice of feeding untreated
salmon carcasses and viscera to young fish in hatcheries. Baker and
Hagen (1942) showed that the etiological agent of tuberculosis in the
Mexican platyfish was highly pathogenic when offered in the feed. Of
course, once the disease becomes sufficiently advanced in particular fish,
the bacilli may readily be transmitted in the crowded hatchery pond.
It is also possible that tuberculosis may spread during spawning
operations in the hatchery. Acid-fast bacilli have been found in large
numbers in the roe of some tuberculous fish. During spawning, sperm
and eggs from a number of fish are often mixed in a single container.
Hence tubercle bacilli from a single diseased fish may infect a large
number of eggs from healthy fish during fertilization. Experimental
evidence of this phenomenon should be obtained.
Although the original source of tuberculosis found in salmon and trout
populations in the Pacific Northwest is unknown, feeding of untreated
carcasses and viscera of tuberculous fish seems to be the most likely
way of transmitting the disease. Final proof of this conclusion must
wait upon the availability of suitable facilities for studies of chronic fish
diseases.
The increased requirements of protein foods, due to greater hatchery
production of salmonoid fishes in the Pacific Northwest and adoption
of longer rearing periods, coupled with improved methods of transportation and storage of frozen viscera in recent years, may be underlying reasons for the development and spread of tuberculosis. Although
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the evidence is still scanty, the disease has possibly built up in some
populations throughout several cycles.
Nearly all marked 1952-brood fall chinook reared 3 to 6 months at
the Bonneville and Ox Bow Springs Hatcheries were found to be tuberculous upon their return as adults, while only 5 of 19 marked 1951brood spring chinook salmon, reared 3 to 5 months at Oakridge Hatchery,
were tuberculous. The difference in incidence may well reflect the varying amounts of infected food eaten by the fingerlings during the rearing
period. All fish received salmon viscera. Limited amounts of salmon
carcasses fed to the 1951 brood at Oakridge were mainly naturally-reared
fish. In contrast, relatively large amounts of salmon carcasses were fed
to the 1952 brood of fall chinook at the Bonneville and Ox Bow Springs
Hatcheries, located on Tanner and Herman Creeks, respectively. The
fall chinook runs into these creeks are primarily the result of artificial
propagation, and in view of the findings presented in this paper, must
have included a proportion of tuberculous fish. This was proven in the
case of adult fall chinook entering Tanner Creek in the fall of 1952, since
the occurrence of tuberculosis was first demonstrated in this group. Data
presented in this paper indicate that the proportion of tuberculous adults
was very high in salmon from streams largely dependent on artificial
propagation. Obviously, carcasses from these fish should not have been
used for food in hatcheries. Although the incidence of tuberculosis in
salmon taken in the commercial gill-net fishery on the Columbia River
was low compared to some stocks of hatchery fish, untreated viscera from
these fish possibly served as a source of disease when used as food in
hatcheries.
The use of salmon carcasses in hatcheries was discontinued in 1957
by the Oregon Fish Commission when some of the results reported in
this paper came to its attention. The Oakridge Hatchery had discontinued
the practice in 1954, following the demonstration by Wood and Wallis
(1955) that a number of adult spring chinook were infected with kidney
disease.
It is noteworthy that the tuberculous spring chinook returning to the
Middle Fork of the Willamette in 1955 were mostly 4-year-old fish while
those in 1956 were mainly 5-year-olds. This may well reflect the varying numbers of fish of the 1950, 1951, and 1952 broods reared and released
at Oakridge Hatchery (Table 15).
TABLE 15.-SPRING CHINOOK SALMON RELEASED INTO THE MIDDLE FORK
WILLAMETTE RIVER, 1950 TO 1953 BROODS
Brood

Number of Fish Released

1950
1951
1952
1953

80,000
1,900,000
200,000
1,200,000

Since fish from all brood years were reared in excess of 9 months,
tuberculosis might be expected in all groups. Because of the variation
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in plantings, larger returns of hatchery fish would be expected from the
1951 brood than from 1950 and 1952 broods.
The incidence of tuberculosis in the 1957 run of adult spring chinook
in the Middle Fork of the Willamette was 58.9 per cent, much higher
than in the 1955 and 1956 runs (8.7 and 6.1 per cent, respectively).
There were probably few naturally-spawned spring chinook in the 1957
run and most of the returning fish were of the 1953 brood reared at
Oakridge. Virtual absence of 4-year-old fish in the 1956 run and 5-year-old
in the 1957 run pointed to a nearly complete failure of the 1952 run of
spring chinook, in spite of the relatively high count of adult fish at
Willamette Falls (Table 2). Most likely, this was due to interference with
upstream migration to natural spawning grounds by construction work
on Lookout Point Dam.
There was a relatively high incidence of tuberculosis in chinook taken
in the commercial gill-net fishery on the lower Columbia in February
and on April 30 and May 1, 1956. This was surprising, since there is little
artificial propagation of spring chinook except on the Willamette River
system. A possible explanation is that some of the tuberculous salmon
examined at Astoria were hatchery-reared fall chinook which had migrated
into the Columbia quite early. As shown in Table 5, this is a real possibility
since some fin-marked 1952-brood fall chinook were taken in the commercial gill-net fishery on the lower Columbia in the spring of 1956. The
proposed explanation is tenable since tuberculosis was found in nearly
all fin-marked fall chinook of the 1952 brood examined on their return
to Bonneville and Ox Bow Springs Hatcheries.
In past years—in fact, as recently as 1946—spring chinook salmon eggs
were transferred from the Willamette River to Bonneville and Ox Bow
Springs Hatcheries, where they were hatched and the fingerlings reared
and released. Rich and Holmes (1929) marked considerable numbers of
such transplanted salmon. Although they were successful in getting
recoveries of marked adults in the river, there were no returns to the
hatcheries. However, there is a possibility that spring chinook from more
recent plants, returning to the hatcheries, may have exerted sufficient
genetic influence to displace the normal season of migration of a portion
of the run. On the other hand, the few fin-marked 3-year-old fall chinook
captured by the commercial gill-net fishery in 1955 were taken only
during the normal season for fall chinook (Table 5). Some of the marked
fall chinook returned abnormally early as 4-year-old fish in 1956. Hence,
it is possible that some factor other than genetics is operating to displace
the normal season of Columbia River migration of hatchery-reared fall
chinook. This factor may well be tuberculosis infection.
The importance of tuberculosis in salmonoid fishes is only now being
recognized, but the scope of studies must be materially increased if the
full impact on the fishery resource is to be correctly ascertained. In
view of the extremely high incidence of tuberculosis in some stocks of
hatchery-reared fish, coupled with poor returns from the sea, there is
good reason to believe that the disease plays an important role in determining survival.

[36]

LITERATURE CITED
Aronson, J. D.
1926. Spontaneous tuberculosis in salt-water fish. Jour. Infect. Dis.,
Vol. 39, pp. 315-320.
1938. Tuberculosis of cold-blooded animals. Amer. Assoc. Adv. Sci.,
Symposium Series, Vol. 1, pp. 80-86.
Baker, J. A. and W. A. Hagen
1942. Tuberculosis of the Mexican platyfish (Platypoecilus maculatus).
Jour. Infect. Dis., Vol. 70, pp. 248-252.
Bataillon, Dubard, and Terre
1897. Un nouveau type de tuberculose. Compt. rend. Soc. Biol., Vol. 4,
pp. 446-449.
Bertarelli, E. and J. Bocchia
1910. Neue Untersuchungen uber die Tuberculose der Kaltbluter.
Zentralbl. f. Bakt., I Abt., Orig., Vol. 54, pp. 385-393.
Besse, P.
1949. Quelques affections a bacilles acid resistants chez les poecilothermes vivant en aquarium. Bull. de 1' Acad. Veter. de France,
Vol. 22, pp. 425-431.
Cummings, M. M.
1949. The laboratory diagnosis of tuberculosis. Amer. Jour. Pub. Health,
Vol. 39, pp. 361-366.
Earp, B. J., C. H. Ellis, and E. J. Ordal
1953. Kidney disease in young salmon. Wash. Dept. Fish., Spec. Rep
Ser., No. 1, 74 pp.
Griffith, A.
1930. Tuberculosis in cold-blooded animals. A system of bacteriology
in relation to medicine. Med. Res. Council, London, Vol. 5, pp.
326-332.
Henry, K. A.
1954. Age and growth of Tillamook Bay chum salmon (Oncorhynchus
keta). Fish Comm. Oreg., Contr. No. 19, 28 pp.
Jahnel, J.
1940. Die Fischtuberculose. Wochenschrift fur Aquarien und Terrarienkunde, Vol. 37, pp. 317-321.
Johnstone, S.
1913. Diseased conditions of fishes. Trans. Liverpool Biol. Soc., Vol. 27,
pp. 196-201.
[

37 ]

Nigrelli, R. F.
1943. Cause of diseases and death of fishes in captivity. Zoologica,
Vol. 28, pp. 203-216.
1953. Two diseases of the neon tetra, Hyphessobrycon innesi. Aquar.
Jour., Vol. 24, pp. 203-208.
Ordal, E. J. and B. J. Earp
1956. Cultivation and transmission of etiological agent of kidney disease in salmonoid fishes. Proc. Soc. Exp. Biol. and Med., Vol. 92,
pp. 85-88.
Pulford, E. F.
1955. Escapement of spring chinook salmon and steelhead over Willamette Falls in 1954. Fish Comm. Oreg., Res. Briefs, Vol. 6, No. 2,
pp. 21-24.
Rich, W. H. and H. B. Holmes
1929. Experiments in marking young chinook salmon on the Columbia
River, 1916-1927. Bull. U. S. Bur. Fish., Vol. 44, pp. 215-264.
Sutherland, P. L.
1922. A tuberculosis-like disease in a salt-water fish (halibut) associated
with the presence of an acid-fast tubercle-like bacillus. Jour.
Path. and Bact., Vol. 25, pp. 31-36.
Winsor, H.
1946. Cold-blooded tuberculosis from the Fairmount Park Aquarium,
Philadelphia. Proc. Penn. Acad. Sci., Vol. 20, pp. 43-46.
Wood, J. W. and J. Wallis
1955. Kidney disease in adult chinook salmon and its transmission by
feeding to young chinook salmon. Fish Comm. Oreg., Res. Briefs,
Vol. 6, No. 2, pp. 32-40.

[

38 ]

