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‘Ninety Years of Salmon Culture at Little White
Salmon National Fish Hatchery

by
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Cook, Washington 98605

“and
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Cook, Washington 98605

Abstract. The Little White Salmon National Fish Hatchery was built in 1896 to
supplement the run of tule fall chinook salmon (Oncorhynchus tshawytscha). In
succeeding years other species of salmon and trout were reared but coho salmon
(O. kisutch) was the only species that established a dependable run. The fall chinook
salmon egg take peaked at over 40 million in 1917, and the release of juveniles peaked
at nearly 24 million in 1914. Fish were released as unfed fry until 1908, when increasing
numbers were reared for later release. Construction of Bonneville Dam in 1938 severely
disrupted hatchery operations by flooding the hatchery, and diseases were not a problem
until the 1950’s.

From the 1917 peak of 40 million, the fall chinook salmon egg take declined to a low of
about 1.7 million in 1944 before recovering to nearly 30 million in 1958. In response to a
generally declining and highly variable egg take after 1958, increasing numbers of eggs
were obtained from other sources; after 1968, more than 50% of the fish released were
not native. By 1985, the native tule fall chinook salmon run was so depressed that rearing
this stock was abandoned. Although the construction of Bonneville Dam had a deleterious
effect on production and survival, the importation of stocks (which changed their genetic
fitness and introduced diseases) and rearing fish longer (which reduced survival in the
hatchery) were contributing factors. Therefore, after 90 years of rearing a native stock
originally described as so abundant that the spawners filled the river for a month, efforts
are now dedicated to rearing transplanted fall and spring chinook salmon stocks.

Key words: Salmonidae, anadromous, Columbia River, fish culture.
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In summer 1896, Professor B. W. Evermann
and W. F Hubbard, superintendent of the
Clackamas State Fish Hatchery, Oregon, exam-
ined some Columbia River tributaries with the
intent of establishing a Federal salmon hatchery
(Ravenel 1898). According to Evermann and Meek
(1898), there were four criteria used in selecting
the hatchery site: (1) An abundant supply of
salmon easily obtainable when ripe or nearly ripe;
(2) a sufficient quantity of water of proper purity
and temperature; (8) suitable land upon which to
locate the hatchery building and situated to per-
mit water to be brought to the hatching troughs
by gravity; and (4) proximity of building materials
and good railroad facilities.

They selected the Little White Salmon River

because they believed it was one of the principal

spawning grounds for. quinnat (chinook) salmon
(Oncorhynchus tshawytscha). On 5 September
1896, construction of the hatchery, mess house,
and a rack across the river was begun; on 26 Sep-
temben; collection of eggs began. Spawning contin-
ued until 14 October, when 2,179,000 eggs had
been collected. As the work had not started until
late in the season, these results were considered
excellent. In addition, Ravenal's (1898) observa-
tion that “During the season, the salmon appeared
in such large numbers below the rack that the

"maintaining existing population levels; commer-

cial landings of chinook salmon in the Columbia
River had declined from about 19.5 million kilo-
grams in 1883 to 8.2 million kilograms in 1889
(Beiningen 1976). Collins (1892) commented

No section of the country is probably more
dependent on fish-culture for the successful
continuance of its fisheries than the Pacific slope.
Experience has fully demonstrated that the
supply of salmon is likely to be so much reduced
through overfishing that the industry depending
upon their capture must scon be abandoned,
unless the skill and well directed efforts of man are
utilized to maintain the stock upon which he
draws so heavily and so continuously. Artificial
propagation of fish has now passed beyond the
experimental stage, and there is no longer doubt
in unprejudiced and well-informed minds as to its
possibilities when conducted intelligently and on
a scale equal to the objects aimed at. It is believed
by those competent to speak on the subject that
the artificial propagation of salmon has been very
beneficial of late on the Columbia River, although
the hatchery on the Clackamas has not been long
established and the magnitude of its operations
has not, until quite recently, been commensurate
with the important interests at stake.

Indians often speared two and three at one cast of -

the spear” augured well for the future of this site.
Thus, the Little White Salmon River became the
gite of the third hatchery on the Columbia River
and today is the fifth oldest U.S. Fish and Wildlife
Service hatchery in the Nation.

Artificial propagation of Pacific salmonids began
in 1872 on the McCloud River, a tributary of the
Sacramento River in California (Cobb 1911; Wahle
and Vreeland 1979). The purpose of these efforts
was to introduce salmon into rivers in the Eastern
States, where Pacific salmon (Oncorhynchus spp.)
“exceed all other species which are propagated, in
hardiness, in tenacity of life, and in freedom from
tendency to disease” (U.S. Commission of Fish and
Fisheries 1876).

The first salmon hatchery in the Columbia River
basin was built in 1876 by the Oregon and Wash-
ington Fish Propagating Company on the
Clackamas River, Oregon. This facility, with a ca-
pacity of 6 million eggs, was purchased in 1888 by
the U.S. Commission of Fish and Fisheries for
$5,155.60 (Rathbun 1892). By then, however, the
impetus for artificial propagation had shifted from
introducing salmon into eastern river systems to

Although these conclusions would be viewed
with considerable skepticism today, they led to a
rapid expansion of artificial production near the
turn of the twentieth century. By 1904 more than
71 million chinook salmon were released in the
Columbia River; by 1987 more than 190 million
salmon and steelhead (Onchorhynchus mykiss)
were released in the basin from 64 hatcheries and
29 satellite facilities (Columbia Basin Fish and
Wildlife Authority 1988).

This report is documentation of the changes in
fish culture objectives, methods, and stocks during
the past 90 years by presenting the history of the
Little White Salmon National Fish Hatchery
(NFH). Primary sources of data include the daily
logs since July 1914, egg-take records since 1913
(except for 1928-48), production records from
1913, and annual reports from 1940,

‘Description of the Area

The Little White Salmon River drains about
347 km? of the Cascade Mountains in south-
central Washington before joining the Columbia



River at river km 261. The river—the principal
source of water for the hatchery—has a mean
annual discharge of about 560 cfs (cubic feet per
second), and a range from 100 cfs (October) to
9,000 cfs (January; U.S. Geological Survey 1978).
About 2.9 km above its confluence with the Colum-
bia River is a barrier to upstream migration of
salmonids. Although the hatchery wasbuilt on this
river because of the run of chinook salmon, chum
salmon (Oncorhynchus keta) and coho salmon
(O. kisutch) were also present (Bryant 1949). The
chinook stock in the Little White Salmon River was
the fall spawning stock of tule, a lower river stock
that spawns from mid-September through mid-
October. The eggs hatch from mid-November
through December. On emergence from the gravel,
the juveniles gradually migrate downstream, en-
tering the ocean in their first year. Therefore, the
fact that <3 km of river was available for rearing
had minimal effect on the rearing of native stocks
of chinook and chum salmon but undoubtedly se-
verely limited coho salmon production.

"Early Years—1896-1915

The original hatchery was described in Ravenel
(1898) as follows:

...arough wooden structure without a floor, lighted
by skylights above and unglazed windows in the
sides and ends. It was equipped with 50 troughs,
and the water supply was obtained from a brook a
short distance away. The other buildings consisted
of sleeping quarters and a mess-house for the
employees. At the close of the collecting season the
trough room was found to be insufficient, and
additional troughs were erected outside for
holding the fry. ... At the close of the season the
apparatus was stored in the bunk-house and, as
the grounds on which the station is located are
liable to floods, the hatchery was weighted down
with stone and placed in charge of a watchman,
who was permitted to occupy the mess-house.

“The cost for constructing and operating the hatch-
ery this first season was $2,288.27.

On reopening the hatchery 20 July 1897, it was
found that flooding by the Columbia River had
floated the hatchery off its foundation. After flood
damage was repaired, another hatchery building
was constructed:

... a substantial structure of wood, 42 feet by
80 feet, and is so arranged that the roof is
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“supported by the sides of the building, thereby
leaving the entire floor space free of posts and
giving more room for hatching operations. The
floor is terraced uniformly from one end of the
building in four sections, with a difference of
8 inches in elevation from one section to the next.
On each of these a row of troughs runs length-wise
of the building, the troughs in each maintaining
an elevation of 8 inches above those in the next, in
conformity with the plan of the floor. They are fed
with water conducted by a flume to a
supply-trough placed against the end-wall. By this
arrangement all of the troughs are at a uniform
height from the floor, and the manipulation of eggs
is much easier than where troughs of different
heights are set upon a level. The building is lighted
by skylights in the roof and by windows in the sides
and ends (Ravenel 1899).

In 1898, a third hatchery building was con-
structed (Ravenel 1901). It was 30.5 x 12.2 m and
contained 80 troughs of 4.9 x 0.4 m. Records are
minimal from 1901 to 1915; apparently, however,
there was no additional major construction.

Ravenel (1900) described the methods of captur-
ing the adults, spawning, and care of the eggs:

“The fish are captured by means of a downstream
trap, which consists of a box about 20 feet long by
8 feet wide and 18 inches deep, made of slats
placed 2 inches apart, anchored in midstream. The
end of the trap pointing upstream is weighted to
the bottom of the river and a dam or rack extends
from its two sides to within a few feet of either
bank. The fish ascending the stream pass around
the rack to the spawning-grounds above, and as
soon as sufficient number have collected a seine is
drawn downstream at a rapid rate. Although
salmon always swim against the current, when
frightened they turn and go rapidly downstream,
and as a consequence they are brought to a halt
high and dry upon the lower end of the trap. They
are then quickly assorted and placed in pens near
the traps, the males and females being put in
separate compartments. Most of the fishing
during the season is done at night, the best hauls
being usually made about an hour after dark.

Spawning operations commence in the morning
and continue until all ripe fish have been stripped.
The female is first taken from the pen by the
spawn-taker, and if found to be ripe she is killed
by striking her upon the back of the head with a
club. She is then placed in the spawning-box,
which is raised to a vertical position so that the
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-eggs may be stripped into a pan held by an
assistant. As soon as the milt is added to the eggs
the contents are gently stirred until every egg has
come in contact with it. A little water is then added
and the pan placed aside for 1 1/2 minutes, when
it is handed to a third person, who washes the milt
and dirt from the eggs by immersing the pan in
water. The eggs are then carried in buckets to the
hatchery, measured, and placed in baskets. The
buckets hold about 15,000 eggs each, and are
carried in pairs by means of yokes, one man
carrying two buckets, The baskets to which they
are transferred on arriving at the hatchery hold
from 25,000 to 40,000 each, depending on the size
of the troughs used. After being placed in the
troughs they are covered to exclude the light. On
the first, second, and third days the dead eggs are
picked off, after which they are not uncovered for
at least 30 days, provided the water is clear. At the
expiration of this period they are placed in
water-buckets and a strong current of water
turned on, which causes all of the unimpregnated
eggs to turn white, while it does not injure the good
ones. After the dead eggs have been removed the
remainder are returned to the baskets.

Before 1908, all fish were released as fry, and the
hatchery was closed by 1 March. In 1908, however,
some fish were reared for an extended period. Ini-
tially fed finely ground beef liver, they were then
switched to either salmon or eulachon (Thal-
eichthys pacificus). After spawning, the salmon car-
casses were skinned, split, boned, and stored in
tanks or barrels containing salt brine (O'Malley
1921). When needed, the carcasses were soaked in
running water overnight to remove the salt, cooked,
pressed into cakes, and grated to the desired size.
The eulachon were obtained as they were needed
from commercial processors during the spring
spawning run. These fish were frozen when re-
ceived, and later cooked, pressed into cakes, and
grated to the desired size (O'Malley 1921).

"Fall Chinook Salmon

Fall chinook salmon were initially the only spe-
cies propagated. Available data indicate that
spawning extended from about mid-September to
mid-October, and the average number of eggs taken
was more than 16.5 million (Table 1). Large num-
bers of eggs were shipped to other hatcheries, such
as Clackamas (1898, 1899, 1900, and 1913 brood

“Pable 1. Fall chinook salmon (Oncorhynchus tshawytscha) spawning and production at Little White

Salmon National Fish Hatchery, 1896-1915.

Released in Columbia River or nearby tributaries.

Fish released into
“Brood Spawning ) i} Eggs transferred Little White “Survival

year Start End Egg take Shipped .:R_eaaived Salmon River Various® Total . (%6)

1806 26 September 14 October 2,179,000 1,848,760 1,848,760 85
1897 12September 6 October 12,649,000 7,391,000 7,391,000 58
1898 11 September 3 October 7,176,000 4,926,000 1,791,000 1,791,000 80
1809 11 September 10 October 10,385,000 2,886,000 5,630,047 996,000 6626947 86
1900 12 September 12,840,700 4,956,000 1,653,000 3,772,680 5425680 €9
1901 14,166,132 1,171,868 8,398,305 3,682,500 12,080,805 79
1902 3,800,500 8,186,500 12,077,000
1903 '5,287,000 10,426,000 10,426,000
1904 2,138,500 2,138,500
1905 ] 828,100 7,212,000 8,040,100
1906 1,100,000 1,934,450 2,350,000 4,284,450
1907 710,176,000 1,485,000 4929800 3,220,000 8,149,800 94
1908 9,568,000 8,050,000 5,941,186 5941,188 91
1909 8,008,000 3,805,000 4,808,000 4,808,000 93
1910 10,696,000 i )
1911 14,912,000 8,000,000 5,118,095 5118005 T4
1912 30,595,000 19,713,000 5,403,000 5,403,000 50
1013 19 September 30 October 34,183,000 20,876,000 12,405,757 12,405,757 93
1914 20 September 18 October 35,787,000 11,607,000 23,216,957 23,216,957 96
1915 19 September 12 October 34,386,000 9,186,000 23,812,071 23,812,071 94
Mean 15 September 13 October 16,578,522 4,081,294 78,126 6,924,496 1,548,404 8,472,900 82



years) and Bonneville (1909, 1911-12 brood years)
in Oregon and Big White Salmon (191215 brood
years) in Washington. Eggs were also shipped to the
Oregon (1900, 1906-08 brood years) and Washing-
ton (1914 brood year) fish commissions for distribu-
tion to other hatcheries; in 1899, 250,000 eggs were
shipped to New Zealand. The only eggs received
during this period were from the nearby Big White
Salmon River in Washington and Eagle Creek in
Oregon in 1901.

From 1896 to 1915, nearly 8.5 million fish were
produced annually; more than 6.9 million were
released in the Little White Salmon River, and the
remaining fish were released in the Columbia River
or nearby tributaries (Table 1). In 1908, about
580,000 fish of the 1907 brood year were classified
as fingerlings at release (U.S. Bureau of Fisheries
1910). The vast majority of each year’s production
continued to be released as fry, but some fish were
retained and reared in hatching troughs. Survival
from egg take to release was variable and averaged
829%. No particular problems were mentioned in the
annual reports to account for this low survival.

‘Middle Years—1916-1964

The potential for rearing juvenile salmonids was
greatly increased with the construction of 20 con-
crete rearing ponds in 1916 and 4 earthen ponds in
1921, In 1922, the original hatchery buildings were
torn down, and a new building (12.2 x 42.7 m) was
constructed. This new building included 128 hatch-
ery troughs and provided space for incubating
30 million eggs. In 1929, a 63.5-metric-ton-capacity
cold storage building was constructed, but electric-
ity was not available until June 1931. The closure
in 1938 of Bonneville Dam, located about 25.7 km
downstream, resulted in the Columbia River inun-
dating all these facilities. Therefore, another hatch-
ery building was constructed in 1939, but rearing
facilities were not available for another 8 years. In
1947, six ponds (24.4 x 2.4 x 1.2 m) were con-
structed, as were a fish ladder and adult holding
pond (45.7 x 6.1 x 1.2 m). In 1950, 15 additional
rearing ponds were built, and the fish ladder and
adult holding pond were extended and modified to
increase efficiency and holding capacity.

Until 1947, the adult salmon had been collected
by placing a wooden rack across the river. Construc-
tion of the fish ladder and holding ponds was a
major change in fish culture, allowing the adults to
independently ascend the ladder into the holding
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“pond, greatly reducing the number of times brood ‘

fish were handled.

Spawning practices did not change until 1963,
when adults were anesthetized with tricaine
methanesulfonate (MS-222) to facilitate handling.
The eggs were incubated in baskets placed in a
wooden trough that was baffled to provide water
upwelling through each basket. Incubation in bas-
kets continued until the eyed stage (about 30 days),
when the eggs were shocked by (1) vigorous stir-
ring, (2) siphoning from basket to bucket, or
(3) pouring from basket to basket. Dead eggs were
floated using a salt solution and skimmed off or
hand picked.

Before 1935, the live eyed eggs were returned to
the wooden troughs in baskets made of screen ma-
terial large enough to allow the newly hatched fry
to drop through the bottom screen into the trough.
The fry were then either released immediately as
sac fry, allowed to absorb their yolk sac and then
released as “buttoned up” fry, or placed in ponds and
reared to fingerling size. After 1935, the live eggs
were placed on trays, 2,000 per tray, with 15 trays
per stack. Each trough held 10 stacks, or 300,000
eyed eggs. The eggs were allowed to hatch, and the
fry remained in the stacks until they absorbed their
yolk sacs and were ready to go on feed or be released
from the hatchery.

The feeding and rearing of fry to fingerling size
expanded after construction of 20 ponds in 1916.
The diet consisted of liver (horse, beef, or pork) and
salmon carcasses. The production level of 7-13
million fingerlings remained constant until 1938,
when closure of Bonneville Dam flooded the produc-
tion facilities. During 1938-40, fish were not fed but
were released as fry. From 1941 to 1947, about
400,000 fish were fed and released as fingerlings
and the remaining production planted as fry. The
diet was composed of 30% beef liver, 30% horse
meat, 20% salmon viscera, and 20% beef spleen;
salt was used as a binder.

Major construction from 1947 to 1953 changed
fish culture practices. A concrete adult pond
was constructed, as were 33 concrete ponds of
24.4 x 2.4 m with related water supply and dis-
charge systems. In 1950, fry were stocked in the
new ponds at the rate of about 90 kg/pond and
reared until release. In 1952, fish were stocked at
the rate of 225 kg/pond and reared until they
reached about 400-450 kg/pond, when a release
was made, reducing the weight to about 270 kg.
Fish in excess of 270 kg/pond were released
throughout the season. Each pond produced about
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1,135 kg by July. Rearing-pond water flowed at
450 gpm (gallons per minute). Fish were fed a diet
of 50 liver and 509 fish eggs three times per day
for the first 2 weeks, then a diet of 33% liver, 33%
eggs, and 33% salmon carcasses; wheat middlings
were added up to 5% of the diet. The first dry
commercial diet, Clark’s Chinook Feed, was tried
in 1958; it did not achieve the same resulis as the
standard wet production diet, which continued un-
changed except that turbot or herring (Clupea
harengus) was substituted for salmon carcasses.
After the fish were started on the production wet
diet, Oregon Moist Pellet (OMP) diet was fed to
coho salmon on a trial basis in 1962. In 1963, the
OMP diet was determined adequate for coho and
chinook salmon over the entire feeding range. By
1964, all fish were fed commercial diets. Clark’s
Chinook Mash was used to start fry on feed; when
they reached about 1,550/kg, the diet was changed
to OMP

Fall Chinook Salmon

Figure 1 illustrates the consistency of fall
chinook salmon spawning time. In 43 of 49 years,
spawning began between 18 and 22 September. Its
completion was more variable, occurring between 2
October and 4 November. In 1925, 1927, and 1932,
spawning ended early because egg requirements
had been met.

Annual egg takes ranged from 1,685,000 in 1944
to 40.4 million in 1917 and averaged nearly
16.3 million (Table 2). Before the closure of Bonne-
ville Dam in 1938, however, the average was about
21.19 million compared with 11.94 million after
1938, In only 7 of the 23 years before 1938 was the
egg take below the overall average, whereas the egg

9N

" take after 1938 was below average 21 of 26 years.
An above-average egg take in 1952 was attributed
to a commercial fishermen’s strike and to a delayed
season opening in 1958 (Cox 1959). In the late
1950's, egg takes would have been larger were it not
for bad eggs in about 15% of the females as a result
of mycobacteriosis, caused by raw salmon products
in the diet (Cox 1960; Ross 1970).

Before 1938, about 8.66 million eggs were trans-
ferred annually to other locations; after 1938, this
figure declined to about 1.825 million (Table 2).
Eggs were shipped to California, Illinois, Kentucky,
Massachusetts, Montana, Nevada, New Hamp-
shire, New York, Utah, Vermont, and Washington
(D.C.), as well as to various sites in Idaho, Oregon,
and Washington. In 1955, about 16,700 eggs were
shipped to Madagascar. Far fewer eggs were re-
ceived than shipped, but the number and frequency
of eggs received increased dramatically after 1938
with the closure of Bonneville Dam. Eggs were
received in 1922 from the Kalama River and in 1926
from the Wind River; all later shipments were from
the Big White Salmon River. Therefore, all the eggs
received, except for those from the Kalama River,
were from what is now considered the Bonneville
Pool Hatchery Stock (Howell et al. 1984).

The time of juvenile release was highly variable
but tended to occur later as the years went by
(Fig. 2). Initial releases occurred as early as 19 De-
cember in 1917 and as late as 29 August in 1930.
Final releases were completed as early as 23 Feb-
ruary in 1938, when filling of Bonneville Reservoir
flooded the ponds, and as late as 29 May in 1957,
when fish of the 1955 brood year were released as
yearlings rather than the normal age-0. Holding a
portion of the year’s production for release as year-

30 October .|
20 October
o
@ 10 October
[
30 Septamber -

20 Soptember - . e’

N

10 Sept

Fig. 1. Spawning time of fall chinook
salmon at Little White Salmon Na-
tional Fish Hatchery, 1916-64.

P 1835 1845
Brood Year

1815 1825

1855 1965



Table 2. Fall chinook salmon spawning (Oncorhynchus tshawytscha) and production at the Litile White
Salmon National Fish Hatchery, 1916-64.

Brood . Eggs transferred Little White Survival
year Egg take Shipped Received Number/kg® Salmon River Various Total %)
1916 17,848,000 2,300,000 1,719 14,865,775 14,865,775 95
1917 40,400,000 16,865,000 1,669 22,054,075 22,054,075 94
1918 10,693,000 960,000 570 9,177,000 9,177,000 94
1919  19,819,00 5,958,000 562 12,150,800 12,150,800 M
1920 16,590,000 4,050,000 557 11,990,000 200,000 12,190,000 97
1921 33,640,000 8,050,000 603 24,582,000 24,582,000 96
1922 14,005,000 5,975,000 5,000,000 626 12,427,000 12,427,000 95
1923 14,415,000 2,372,000 583 11,394,000 11,394,000 95
1924 22,460,000 6,582,000 715 15,047,000 15,047,000 95
1925 29,484,000 14,369,000 763 14,723,000 14,723,000 94
1926 26,505,000 12,185,000 750,000 813 13,829,000 13,829,000 92
1927 26,600,000 14,783,560 748 8,700,000 8,700,000 74
1928 20,172,000 9,223,000 9,940,000 9,940,000 91
1929 9,930,000 1,752,000 2,500,000 2,500,000
1930 24,880,000 12,718,000 701 16,375,000 16,375,000
1931 22,785,000 12,185,000 2,299 9,680,000 9,680,000 88
1932 26,705,000 4,410,000 1,057 20,832,000 155,000 20,987,000 M4
1933 15,860,000 7,525,000 . 863 7,841,181 7,841,181 M
1934 4,010,000 1,389 3,807,000 38,807,000 95
1935 87,855,000 24,970,000 1,715 10,034,335 1,000,000 11,034,335 70
1936 23,670,000 12,275,000 881 8,713,000 8,713,000 93
1937 8,640,000 3,000,000 2,103 5,376,000 5,376,000 95
1938 20,443,000 7,978,000 1,581 10,966,000 10,966,000 83
1939 12,225,000 300,000 2,103 11,343,000 11,343,000 95
1940 12,975,000 2,002 12,407,000 12,407,000 96
1941 7,550,000 3,000,000 1,863 10,028,560 149,000 10,177,560 96
1942 14,475,000 6,600,000 8,683,000 2,059 11,433,577 11,438,677 9
1943 2,785,000 1,512 2,668,114 2,668,114 96
1944 1,685,000 1,326 1,533,900 1,533,900 91
1945 4,562,000 1,676 3,975,644 3,975,544 87
1946 5,870,000 875,000 920,000 1,681 5,327,400 5,327,400 91
1947 8,670,000 769,200 974 6,703,632 6,703,632 !
1948 15,402,800 774,000 2,199 13,412,260 13,412,260 92
1949 4,532,440 _ 1,430,515 1,023 8,712,058 1,057,080 9,769,138 82
1950 11,592,265 2,625,000 4,965,050 590 10,430,873 42,455 10,473,328 75
1951 21,788,635 5,086,265 698 15,110,297 315,882 15,426,179 92
1952 25,074,760 8,279,160 698 15,746,946 15,746,946 94
1953 9,983,420 30,000 377 8,987,843 7,900 8,995,743 91
1954 8,100,550 2,015,000 179 5,702,493 5,702,493 92
1955 5,457,200 57,867 230 6,399,751 89,890 6,489,641
1956 6,788,005 500,000 1,500,000 721 6,737,445 6,737,445 87
1957 18,605,338 5,500,239 581,744 796 12,448,925 237,160 12,686,085 91
1958 29,523,170 8,264,638 789 19,318,015 66,717 19,384,732 90
1959 23,183,215 974,000 625,540 1,219 13,364,007 17,039,760 20,408,767 90
1960 8,602,350 45,600 436 7,511,018 4,470,200 11,981,218 88
1961 14,419,045 100,410 424 12,880,118 4,150 12,884,268 90
1962 12,018,602 10,000 476 11,026,390 20,000 11,046,390 92
1963 11,063,215 185,000 5,387,000 473 12,794,744 20,000 12,814,744 79
1964 13,671,000 5,226,750 7,159,250 428 9,152,200 9,152,200 59
Mean 16,283,918 5,802,061 2,923,206 1,050 10,860,414 303,676 11,163,989 89

& Bgtimated from length data for 191640 brood years and weight data for 194164 brood years.
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"6 June

" 27 February

18 November

Dats

11 August .

Fig. 2. Average time of release of juvenile
fall chinook salmon from the Little
White Salmon National Fish Hatch-
ery, 1916-64,

“aMay d |
‘23 January - '
"15 October T r v .
1915 1925 1935 1945 1855
Brood Year

lings continued for the 1954-58 brood years and

was part of a study to determine the optimum size
and time of release. Marked fish were usually re-
leased in May, July, September, October, and Feb-
ruary and exhibited average escapements of 0.11,
0.26, 0.03, 0.16, and 0.41 fish per 1,000 released,
respectively. In 1960, however, mid-June was se-
lected as the time for releasing the majority of the
annual production to coincide with expected maxi-
mum river flows (H. Johnson, retired, U.S. Fish and
Wildlife Service, Cook, Washington, personal com-
munication).

As would be expected, the variability in time of
release resulted in variable size at release (Table 2
[Before 1941, fish were classified at release by
length rather than weight, and weights were esti-
mated on the basis of these lengths.]) During the
1930’s, the disruption caused by the construction of
Bonneville Dam probably resulted in much of the
variability in size. During the 1940's, the lack of
rearing space resulted in relatively small fish being
released. The variability in size at release during
the 1950's was a function of the time-of-release
study; the size did not stabilize until the 1960’s,

With the exception of brood years 1943-47, pro-
duction was relatively consistent (Table 2). Because
of incomplete records in 1929 and 1930, some un-
known portion of the 1929 brood was credited to the
1930 brood. The numbers of fish produced at the
Little White Salmon NFH and released elsewhere
increased with time. The first large release was
made in the Wind River in 1936, followed by large
releases of the 1949 brood year fish in the Klickatat
and Washougal rivers. The large releases of the
1959 and 1960 brood years were transfers to the
newly constructed Willard NFH (located about
4.8 km upstream on the Little White Salmon

1865

River), which were subsequently released back into
the parent stream. In fact, after 1941, substantial
numbers of fish native to the Big White Salmon and
Washougal rivers were reared at the Little White
Salmon and Willard hatcheries for release in the
Little White Salmon River (Table 3). All fish re-
leased before 1841 in the Little White Salmon River
were native to that river, with the possible excep-
tions of fish from the Big White Salmon River and
Eagle Creek (1901 brood year), Kalama River (1922
brood year), and Wind River (1926 brood year).
After 1941, about 20% of the fish released in the
Little White Salmon River were from stock not
native to the river, and in 1955 and 1956, >45% of
the total fish released were not native tothe system.
In addition to the fish released from Little White
Salmon NFH, an average of >4,340,700 fish reared
at Willard NFH were released in the Little White
Salmon River.

Survival from egg collection to juvenile release
was high (Table 2). In the early years, only the 1927
and 1935 brood years had poor survival rates. The
daily log entry for 11 March 1928 (brood year 1927)
indicated that floodwaters of the Little White
Salmon River inundated two rearing ponds, allow-
ing an unknown number of fish to escape. The daily
log entry for 11 May 1986 (brood year 1935) men-
tions fish dying in the ponds and reports treating
the fish with a salt bath intermittently until
25 June; fish were released on 29 June, In Decem-
ber 1342, the daily logs repeatedly mentioned prob-
lems of sediment on the eggs, caused by turbid
floodwaters, and the hatching suecess was poor.
The first reference to above-normal egg loss was in
1947; excessive handling during spawning was
given as the reason (Evenson 1948). On 6 October
1949, the daily log entry stated, “It was discovered
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“Table 3. Fall chinook salmon (Oncorhynchus tshawytscha) from the Liitle White Salmon, Big White
Salmon, and Washougal rivers, produced at the Little White Salmon (LWS) and Willard national fish
hatcheries (NFH) and released in the Little White Salmon River, 1941-64.

Little White Salmon Big White Salmon Washougal
Brood Little White = Willard Little White Willard Willard
year Salmon NFH  NFH Salmon NFH NFH NFH Total

1941 7,297,560 2,731,000 10,028,560
1947 6,157,500 546,132 6,703,632
1948 13,412,260 ) 13,412,260
1949 38,716,600 4,995,458 8,712,058
1950 8,524,576 1,906,297 10,430,873
1951 15,110,297 } 15,110,297
1952 15,746,946 10,107,332 25,854,278
1953 8,987,843 ) 7,472,385 16,460,228
1954 5,579,908 1,601,169 122,585 3,618,023 10,821,685
1955 6,399,751 ) 2,621,441 9,021,192
1956 5,867,445 870,000 4,070,088 10,807,533
1957 11,919,538 529,387 4,849,676 17,298,601
1958 19,318,015 2,695,619 7,765,583 29,779,217
1959 13,364,007 6,295,908 i 19,659,915
1960 7,511,018 4,337,520 11,848,538
1961 12,880,118 100,162 12,980,280
1962 11,026,390 i 994,597 12,794,744
1963 8,573,474 4,221,270

1964 7,612,500 1,639,70 9,152,200

that the water is supersaturated with nitrogen
which causes explosions in the stacks. This in turn
causes heavy egg loss.”

In 1950, poor quality feed containing excessive
amounts of fish tails and fins and insufficient quan-
tities of eggs was believed to be the cause of slow
and continuous juvenile mortality (Cox 1951). Ab-
normally large mortalities in 1964 were believed to
be caused by inexperience concerning first use of

26 broods failed. The poor return of the 193942
brood years was probably a result of their release
as unfed fry. There was no significant correlation
between the stock-recruitment ratios and esti-
mates of harvest or escapement in the Columbia
River from 1930 to 1964 (r= 0.189 and 0.21, respec-
tively; P > 0.05; Beiningen 1976).

"Chum Salmon

OME rather than disease. In fact, diseases were .

not considered a problem, and it was 1952 before a
specific disease problem—loss of fry from coagu-
lated yolk disease—was reported (Cox 1953). Prob-
lems with disease increased during the 1950,
when fish were reared for longer periods during the
time-of-release study. Coagulated yolk disease con-
tinued to be a problem, and bacterial kidney disease
(Renibacterium salmoninarus) was diagnosed in
1958 after first appearing in coho salmon 2 years
earlier (Cox 1959).

A stock—recruitment curve was calculated on the
assumption that adult retwrn was divided equally
among 3- and 4-year-old fish. This indicated that as
the years progressed it became less common for a
brood year to maintain itself (Fig. 3). Before the
closure of Bonneville Dam in 1938, all broods main-
tained themselves, whereas after the closure, 12 of

Chum salmon. production began in 1916, Native
fish were used for brood stock until 1934, when the
run began to fail (Table 4). From 1947 to 1954,
attempts were made to reestablish a run by im-
porting eggs and fry from the Quilcene River, a
tributary to Puget Sound, Washington. A few
adults returned from 1959 to 1963, but the pro-
duction of chum salmon was then abandoned.

Spawning of the native stock usually began in
late October or early November and was com-
pleted by mid-November to early December,
whereas spawning of the introduced Quilcene
stock took place about 2 weeks later (Table 4).
The egg take from the native stock averaged
about 635,000 from 1916 to 1954, whereas the
maximum egg take from the introduced stock
was 42,000 in 1963; from 1928 to 1951, the egg
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Fig. 8. Stock-recruitment of fall
chinook salmon to Little White
Salmon National Fish Hatchery,
1916-64.

Egg Take From Escapement

FREM B

R

Fish Relessaed (Millions)

Table 4. Chum salmon (Oncorhynchus keta) spawning and production at Little White Salmon National
Fish Hatchery, 1916-64.

Fish released
Brood Spawning Eggs tranaferred Little White Survival

year Start End Eggtake Shipped Received Date SalmonRiver (%)
1016 30 October 24 November 1,695,450 80
1917

1918 2 November 18 November 515,000 13 April 1919 460,800 89
1919 18 November 2 December 204,000 26 April 1920 188,150 20
1020 28 October 22 November 5,162,000 29 March 1921 5,067,900 98
1921

1922 4 November 20 November 285,000 5 April 1928 257,500 90
1928 2 November 20 November 414,000 27 March 1924 879,000 92
1924

1925

1926

1927

1928° 250ctober 21 November 840,000 765,000 49,000 65
1920 80October 21 November 505,000 85,000 18 April 1933 408,000 88
19030 10 November 17 November 875,000 50,000 845,000

1981 9280October 10 November 1,858,000 425,000 863,000 9
1932

1938 1 November 14 November 802,000 286,500 95
1084 1 November 20 November 208,000 199,000 97
1947%¢ 250,380 28 April 1948 242,760 97
1948

1949

1950 500,220 19 April 1951 490,625 98
1951 958,750, 24 April 1952 949,450 99
1952 101,760 18 May 1953 100,925

1953 500,000 12April1854 498,000 100
1954 879,056° 16 July 1955 802,194

1859%° 1 December 10 December 28,600 28 March 1960 28,120 81
1960 14 November 9 December 11,200 6 March 1961 8,624 77
1961

1962 13 November 27 November 89,850 25 March 1963 38,216 96
1963 2November 9 December 42,000 28 March 1964 40,450 96
Mean 4 November 24 November 248,587 26,020 54,901 16 April 262,932 91

8No apawning for years 193546 or 1955-58.
b Fry received.
© No production for years 1924-27, 1935486, or 1955-58.




" take was sufficient to ship excess eggs to the Ore-
gonFish Commission.
Al chum salmon reared were released in the
Little White Salmon River. Fish were usually
released at the start of feeding at a size of
<2,200/kg, but in 1953 and 1955 they were reared
to about 925/kg. This early release resulted in
survival exceeding 91% from egg take to release.

"Sockeye Salmon

Attempts to establish a sockeye salmon (Onco-
rhynchus nerka) run began in 1918, when >1 mil-

‘SALMON CULTURE 11

‘lion eggs were received from Yes Bay, Alaska
(Table 5). This first shipment of eggs was followed
by shipments from Birdsview (1920 and 1932
brood years), Quinault (1929 brood year), and
Leavenworth (1951 and 1952 brood years), Wash-
ington. From these shipments, small and sporadic
returns of adults to the Little White Salmon River
were established. .

The majority of the juveniles were released in
their first spring (Table 5). However, about 8% of
the 1918 brood and all of the 1820 brood were held
for an additional year of growth. All remaining
fish were released in their first year until March

“Table 5. Sockeye salmon (Oncorhynchus nerka) spawning and production at Little White Salmon

National Fish Hatchery, 1916-64.

Released
} ; Little White )
Brood Spawning R Eggs Number  Salmon _ Survival

year Start End Eggtake  received Date /kg River Various (%)
1918 96
1919 R . . .
1920 30,000 15 February 1922 26,365 88
1921
1922 28 September 9 October 56,000 14 April 1923 50,400 90
1923
1924
1925 R ; B :
1926 23 September 7 October 60,000 26 June 1927 46,500 78
1927
1928 ; R :
1929 50,000 40,500 81
1930
1931 ; : R : B R
1932 17 September 23 September 124,000 100,000 30 August 1933 100,140 91,000 92
1933
1934
1935 R R A .
1938 21 September 6 October 98,000 - b 15 June 1937 N B 80,750 82
1942% 27 September 3 October 8,000 81,750 73 7,921 99
1943 B R
1944 172 80,190
1945 R B R
1946 3October 14 October 46,368 R 666 23,833 651
1947 23 September 6 October 149,400 18 August 1948 207 131,257 BB
1948 16 September 11 October 516,550 26 July 1949 1,144 413772°
1949 22 September 22 September 4,895 9 March 1951 152 4,043 83
1950 . .
1951 32,635 250,000 3 February 1953 kit 2625 1
1952 680,450 1,087 159,983 186,019 51
1953
1954 R _ R R
1955 16 September 26 September 35,133 14 April 1956 5,126 33,758

_ Mean 22 September 3 October 22,079 45,06 11 September 1,034 43,002 7920 75

"2 No spawning or production for years 1937-41.
bF‘ry received.
€ Reared at Carson National Fish Hatchery.
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1946, when about 68% of the 1944 brood were
released as yearlings; all 1949 and 1951 broods
were also released as yearlings. Production was
almost totally lost in 1952 to what was then be-
lieved to be a viral disease and was undoubtedly

infectioushematopoieticnecrosis (IHN;Cox1952). -

Because of the poor adultreturn and the problems
with disease in rearing the fish to yearlings, the
programwasabandonedin 1955, whentheremain-
ing juveniles were transferred to Carson NFH,
where they all died.

"Coho Salmon

Initial attempts to rear coho salmon with the
native, late-running stock were made in 1919 and
1922 (Table 6). Attempts in 1930 and in the 1950’s
involved early-running stocks native to the
Quinault, Quilcene, and Dungeness rivers of
Puget Sound, Washington, as well as a native
Toutle River stock. The Toutle River stock was
considered responsible for establishing a success-
ful run in 1956, In 1957 and 1958, eggs from Little
White Salmon NFH were shipped to Willard NFH
for incubation, after which the fry were returned
for rearing. Additional eggs of the Toutle River
stock were received from Eagle Creek NFH in
1962 and Bonneville State Fish Hatchery (SFH)
in 1963.

Initially, these fish were released in their first
summer; later, they were usually released as year-
lings in February or March (Table 6). Fish reared
at Little White Salmon NFH were also shipped to
Spring Creek, Eagle Creek, Carson, and Willard
NFH's for finishing and distribution; others were
released in the Columbia, Snake, Klickitat, and
John Day rivers. Part of the production from Wil-
lard NFH for the 1954 (231,571), 1957 (1,965,128),
1958 (562,590), and 1964 (12,210) broods was also
released in the Little White Salmon River.

"Miscellaneous Species

Also reared at Little White Salmon NFH were
spring chinook salmon, three forms of rainbow
trout (steelhead, rainbow, and Kamloops),

cutthroat trout (Oncorhynchus clarki), and brook ~

trout (Salvelinus foniinalis; Table 7). These fish
came from various sources, and the resulting pro-
duction was released in streams and lakes
throughout the Columbia River basin. The 1956
and 1957, spring chinook salmon broods were re-
leased in the Wind River. Some of the Kamloops

“trout were shipped to New Hampshire, New York,

and South Dakota.

Late Years—1965-1985

Although 1965-85 saw no major changes to the
facility, numerous moderate improvements were
made, In the mid-1960's, a power crowder and lifts
were installed to facilitate handling adults. In
1974, the fish ladder and barrier dam were modi-
fied, and a flood wall was constructed. Throughout
the 1970’s, improvements and additions were
made in the delivery, reuse, and treatment of the
water supply.

Spawning techniques did not change, but begin-
ning in the early 1970’s the eggs were handled and
incubated differently. The females were spawned
into a colander, allowing the ovarian fluid to be
discarded. The eggs from three or more females
were placed in one bucket and fertilized with sperm
from two or more males.

The eggs were washed and placed either in
baskets in deep wooden troughs or in a 16-tray
vertical incubator. In 1967, a water reuse system
and a heating system were installed and used to
incubate eggs. The reuse system consisted of three
24.4 x 2.4 m concrete ponds converted to biofilters,
using rock and oyster shells as filter media. With
this system, feeding of fall chinook salmon could
begin in late December instead of February or
March, and the system capacity of 1,600 gpm of
11.1° C water allowed their release in late June at
250/kg rather than 450/kg.

The conversion of incubation equipment had
begun in 1965, when four 16-tray vertical Heath
incubators were purchased. These incubators each
held 480,000 chinook salmon eggs, used 20 gpm,
and occupied 1.49 m? of floor space, as compared
to 450,000 eggs held in 1 1/2 hatching troughs that
used 27 gpm and occupied 3.34 m? of floor space.
The conversion to Heath incubators was completed
in 1976.

'Fall Chinook Salmon

After 1964, fall chinook salmon spawning be-
gan significantly later in the year (+ = 9.219,
P < 0.001; Figs. 1 and 4). Previously, spawning
began as late as 24 September; after 1967, this
was the earliest that spawning began. Spawning
also extended later into fall during this period
than in earlier years.
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“Table 7. Production of miscellaneous species at Little White Salmon National Fish Hatchery, 1916-64.

] ] - _Fish released
Brood Eggs i ) Little White
year received Source® Date Salmon River  Various
-Spring chinook (Oncorhynchus tshawytscha) i i
1916 66,000 McKenzie River (Oreg.) 24 July 1917 44,500
1925 500,000 Salmon River (Id.) Unpknown )
1944 28,315° Carson NFH 15 October 1945 22,252
1956 217,195 Bonneville Dam 17 November 1957 '188,522
1957 143,852 Bonneville Dam 13 October 1958 132,489
Steelhead (Oncorhynchus mykiss) )
1925 95,000 Applegate (Oreg.) 24 July 1925 12,060 81,00
1926 50,000 Applegate(Oreg.) 14 June 1926 i 46,975
1927 140,000 Bonneville and T July 1927 18,000 68,000
i Clackamas SFH- i
1945 36,929 Carson NFH 15 December 1945 1,970 '25,300
Rainbow trout (Oncorhynchus mykiss)
1927 54,000 Bonneville SFH )
1956 379,550 17 April 1958 "834,420
1957 22,545 2 July 1959 15,553
Brook trout (Salvelinus fontinalis) i i
1925 200,000 Washington Fish 25 May 1926 190,300
i Commission i
1926 105,000 Clackamas SFH 29 April 1927 " 65,000
1927 115,000 Clackamas SFH 28 June 1928 23,000
1928 206,000 Clackamas SFH 25 May 1929 181,000
Cutthroat trout (Oncorlynchus clarki) i
1932 100,000 Clackamas SFH 10 January 1933 '82,500
Kamloops trout (Oncorhynchus mykiss) i
1956 1,846,359 Diamond Lake (Oreg.) 1 August 1957 599,284
"8 NFH = National Fish Hatchery; SFH = State Fish Hatchery.
b Fry received.
18 November
9 November
30 October -
° "Fig. 4. Spawning time of fall chinook
E 20 Octobar - salmon at Little White Salmon Na-
tional Fish Hatchery, 1965-85.
10 October .|
wseptembor | e, ".“..,
20 September |-+ . T "
1 1970 1975 1980 1985



The annual egg take from 1965-85 was less
than half that of earlier years (Tables 1, 2, and 8).
In fact, the largest egg take of 17.5 million in 1966
was only about 1 million greater than the annual
average from 1896 to 1964. Because of the reduced
egg take, there was only one major shipment of
eggs; in 1971, 505,000 eggs were transferred to a
hatchery on Puget Sound. Substantial numbers of
eggs were received, however, so that the eggs
received exceeded the egg take in 11 of the 21
years. Before 1970, the eggs were from the same
Bonneville Pool Hatchery Stock, but eggs after
1970 came from Eagle Creeck, Bonneville, Big
Creek, Cascade, Oxbow, and Abernathy hatcher-
ies, all of which reared Lower River Hatchery
Stock (Howell et al. 1984).

Time of release remained relatively consistent,
with the mean date about 1 month later than in
the years before 1965 (Fig. 5). Except in 1971,
when most fish were released on 26 April, releases
took place between mid-May and late June. This
relatively consistent time of release resulted in
minimal variation in size at release; about two-

SALMON CULTURE 15

thirds of the fish released were between 200 and
285/kg.

irteen percent fewer fish were released from
1965 to 1984 than from 1916 to 1964 (Tables 2
and 8). Of the fish released, 56% were progeny of
adults that had returned to the Little White Salmon
NFH, 25% were from Spring Creek NFH, and 193
were from Lower River Hatchery Stocks. Consider-
ing the declining egg take, relatively large numbers
were released elsewhere. Some of these fish were
used in various research studies, but large numbers
were also released in the Warm Springs (1966 and
1967 brood years), Willamette (1867 and 1968
brood years), and Wind (1967 brood year) rivers or
transferred to Bonneville (1968, 1969, 1975, and
1980 brood years) and Spring Creek (1980 brood
year) hatcheries.

Survival from egg take torelease declined signif-
icantly, from 89% in 1916-64 to 76% in 1965-84
(t = 4.832, P <0.01; Tables 2 and 8). From 1916-64
to 1965-84, survival of eggs declined slightly, from
93% to 90%, whereas juvenile survival declined
significantly, from 95% to 85% (¢ = 3.666, P < 0.01).
Rearing the fish to a larger size contributed to this

Table 8. Fall chinook salmon (Oncorhynchus tshawytscha) production at the Little White Salmon
National Fish Hatchery, 1965-85.

Fish rel d
3rood Eggs transferred Number Little White Salmon

year Egg take Shipped Received (kg) Salmon River  Various Total (%)
1965 9,600,000 25,000 565,200 306 8,627,280 FIYES YR X s 886
1966 17,500,000 413 10,086,120 511,600 10,597,62 61
1967 15,761,800 324 7,791,384 8,169,332 10,960,716 70
1968 4,680,000 7,987,804 251 7,351,343 1,197,578 8,548,916 69
1969 9,721,700 4,377,900 225 6,605,384 396,141 7,091,525 . 50
1970 9,745,777 5,726,992 408 10,435,992 227,600 10,668,592 87
1971 14,377,735 505,000 281 12,411,940 2,950 12,414,890 89
1972 8,519,419 6,196,877 269 18,171,329 18,171,329 80
1973 4,349,715 5,000 11,386,257 211 10,525,857 506,004 11,031,861 70
1974 9,128,808 12,152,800 268 15,485,112 2,010 15487,122 73
1975 7,673,568 14,244,487 225 15,547,382 586,000 16,138,382 %4
1976 10,318,269 4,058,430 265 11,670,511 5,195 11,575,706 81
1977 8,303,567 12,782,439 196 14,378,226 16,061 14,389,287 68
1978 1,720,000 10,010,351 243 11,408,648 26,219 11,434,867 64
1979 4,777,994 7,497,500 233 8,724,047 1,048,838 9,772,885 80
1980 5,211,618 5,974,362 214 9,215,788 1,220,504 10,486,287 98
1981 3,286,636 7,605,325 205 8,038,498 53,331 8,091,829 4
1982 5,107,635 5,268,722 201 8,430,082 8,430,082 81
1983 2,758,919 5,915,650% 174 6,849,028 6,849,028 79
1984 1,792,629 242 1,608,000 1,608,000 90
1985 392,760 542 361,925 381,925

Mean 7,653,740 25,476 5,797,487 251 9,445,090 447,706 9,892,796 6

B Includes 497,947 fry.
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Fig. 5. Average time of release of juvenile
fall chinook salmon from the Little
‘White Salmon National Fish Hatchery,
1965-84.

1957 1673 1976 1979

Brood Year

1970

“increased loss, from gill, enteric redmouth, and
cold-water diseases.

The stock-recruitment relation indicated a poor
rate of return for fish released from 1965 to 1983
(Fig. 6) and, as in previous years, was not correlated
with rate of harvest or escapement in the Columbia
River. The stock-recruitment ratio of the 191481
broods released between 8 March and 28 April was
1.605, significantly higher than the 0.895 for fish
released from 4 May to 25 June (¢ = 3.749,
P <0.001). After 1939 and the construction of Bon-
neville Dam, the stock—recruitment ratio was not
significantly different among fish released before
1 May (1.205), after 1 May (0.742), or over an ex-
tended period (1.018). However, the survival of fish
in the hatchery declined significantly, from 91% for
fish released before May to 77% for fish released
after 1 May (¢ = 3.207, P < 0.001). In terms of size
of fish at release for 1939-81, the stock-recruit-

‘1882 1985

mentratio declined significantly, from 1.390 for fish
released when smaller than 970/kg to 0.666 for fish
released when larger than 330/kg (¢t = 2.5086,
P = 0.016). Because of the low return and the low
contribution to the commercial or sport harvest,
production of this stock was discontinued in 1985
by transferring the surviving juveniles to Klickitat
SFH (Wahle and Vreeland 1979; Vreeland 1985).

Coho Salmon

By 1965, a dependable run of Toutle River coho
salmon stock was established (Table 9). Spawning
usually began during the last week of October and
was completed by mid-November. The average an-
nual egg take from 1965 to 1985 was larger than
the maximum annual egg take in all the previous
years (Tables 6 and 9). Increasingly larger numbers
of eggs were moved to Willard NFH, until finally
the Little White Salmon facility began serving its

“Fig. 6. Stock—recruitment of fall chinook
salmon to Little White Salmon Na-
tional Fish Hatchery, 1965-83.
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) present function as an egg-taking station for Wil- )

lard NFH. Eggs were also shipped to Entiat, Win-
throp, Leavenworth, Carson, and Coleman NFH’s;
Washougal SFH; and California, Connecticut,
Idaho, New Hampshire, and Pennsylvania. In
1975, 770,790 eggs were also shipped to Korea.
Eggs and fry were received from Eagle Creek and
Leavenworth NFH's and Klaskanie SFH.

Production releases of coho salmon into the Lit-
tle White Salmon River usually took place in late
April to mid-May when the fish were yearlings
(Table 9). Releases of age-0 fish were made in the
Grand Ronde, Umatilla, Jobn Day, Klickitat, and
Hood rivers. After 1965, fish were reared to a
larger size, resulting in a lower survival rate in the
hatchery than from 1950-64.

Spring Chinook Salmon

The spawning of spring chinook salmon first
occurred in 1967, when fish of unknown origin
returned to the Little White Salmon River
(Table 10). They could have been strays or descen-
dants of fish released earlier from the McKenzie
River (1916 brood year), Salmon River (1925 brood
year), or Carson stock reared at Willard NFH
(1964 brood year). In the following years, fish were
released in the Little White Salmon River from
Willamette stock reared at Eagle Creek NFH
(1966, 1967, and 1971 brood years) and South
Santiam SFH (1974 brood year), Klickitat River
stock (1966, 1968, and 1974 brood years), and
Carson stock (1968, 1970, 1972, 1973, 1974, and
1985 brood years). Although at least four different
stocks of spring chinook salmon were released, the
present stock is considered a derivative of the
Carson stock (Howell et al. 1984.) The mixture of
stocks may have contributed to the erratic and
extended spawning periods, but hatchery person-
nel also had difficulty separating the spring and
fall races of chinook salmon (Johnson, personal
communication). Spawning—although previously
not begun until late August and continuing until
early November-has stabilized since 1980; it now
usually occurs from mid-July to early September
(Table 10). Since 1982, adults have been held in-
doors and exposed to advanced photoperiod to in-
duce earlier spawning.

By 1974, the egg take was sufficient to allow
transfer of eggs to other locations: Kooskia (1974
and 1975 brood years), Dworshak (1983 brood
year), and Hagerman (1983 brood year) NFH's in
the Snake River basin; Leavenworth (1974, 1977,
1978, 1979, 1980, and 1981 brood years), Winthrop

(1975, 1976 brood years), and Entiat (1976 brood
year) NFH’s in the upper Columbia River; Klickitat
(1977 brood year), Oxbow (1976 brood year), Toutle
River (1977 brood year), Kalama Falls (1977 brood
year), and Lewis River (1980 brood year) SFH's in
the lower Columbia River; and the 1976 brood year
to Oakridge SFH in the Willamette River basin.
Small numbers of eggs were transferred in 1970
and 1972 for research purposes.

Fish were usually released as yearlings during
April or early May at about 45/kg (Table 10). The
primary exceptions to this were release of the
entire 1972 brood year in January 1974 and partial
release of the 198285 brood years from mid-May
to late June of their first summer (a result of
advanced spawning). All fish reared were released
to the Little White Salmon River except for parts
of the 1966 and 1977 brood years, which were
transferred to the Klickitat River and Washington
Department of Fisheries, respectively; small num-
bers were alsoused in a variety of research studies.
The extended rearing of spring chinook salmon
resulted in relatively poor survival in the hatchery.
Most. losses were caused by kidney, gill, and cold-
water diseases.

Discussion

During the first 20 years of operation at Little
White Salmon NFH, only fall chinook salmon were
reared. The program was apparently successful
because the egg take was about threefold higher
from 1912 to 1917 than before. In 1917, 8,047
females were spawned, indicating a large escape-
ment, considering the small size of the river, the
inefficient methods used to capture adults, the
release of most fish as fry, and the intense and
largely unregulated commercial fishery in the Co-
lumbia River (Phinney 1976).

During the next 50 years, profound changes oc-
curred in the operations of the hatchery. Propaga-
tion was expanded to include four other salmons—
chum, coho, sockeye, and spring chinook—and
various species of trout, many of which were ob-
tained from outside the Columbia River basin. In
addition, the fish were reared for increasingly
longer periods. For most of this era, the fish were
fed primarily salmon carcasses; it was not until the
late 1950’s that prepared diets were introduced.

After the closure of Bonneville Dam in 1938, the
average egg take of fall chinook salmon declined
about 44%, The average number of juveniles re-
leased in the Little White Salmon River from 1939
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to 1964 (12,071,000 eggs) remained almost the
same as it was from 1916 to 1938 (12,044,000),
however, because shipments of eggs were reduced,
and releases were supplemented with fish reared
at Willard NFH.

Since 1965, the operations of Little White
Salmon NFH have been relatively consistent. Ef-
forts to rear sockeye salmon, chum salmon, and
trout were discontinued. Instead, efforts centered
on rearing spring and fall chinook salmon and on
serving as a coho salmon egg-taking facility for
Willard NFH. Time of release stabilized so that fall
chinook salmon were usually released in mid-June
of their first summer, and spring chinook salmon
were released in April as yearlings. Unfortunately,
the run of fall chinook salmon, which was reported
to have “filled the river for a month” 90 years
earlier, declined to the point where attempts to
maintain the strain were discontinued, and efforts
shifted to rearing Bonneville, upriver bright fall
chinook salmon, hatchery stock.

The declining condition of the fall chinook
salmon stock was manifested by declining egg
take, survival, and stock-recruitment ratios
(Table 8; Fig. 6). Four marking studies also showed
a progressive decline in escapement to the hatch-
ery and in harvest in the Columbia River fishery
(Table 11). It is particularly striking that more
marked fish from the 1915 and 1919 broods were
recovered in the commercial fishery than from the
1964 or 1978-80 broods, even though >10 times
more fish were released in the later studies. Con-
sidering the relative effort expended in sampling

the commercial fishery in the two periods, the
difference becomes even more striking.

The decline of the Little White Salmon River
stock of tule fall chinook salmon cannot be attrib-
uted to any single factor. Apparently, the construc-
tion of Bonneville Dam, introduction of different
stocks, and longer juvenile rearing were all contrib-
uting factors. The flooding of rearing ponds by
closure of Bonneville Dam resulted in release of
juveniles <97(0/kg until new facilities were com-
pleted in 1947, In addition to mortality from pas-
sage through the reservoir and dam, releasing ju-
veniles at this small size undoubtedly reduced their
probability of survival, The magnitude of these
combined effects is clearly exhibited in the ex-
tremely poor stock—recruitment ratios for the
1939-42 brood years and record low egg takes from
1943 to 1946 (Table 2; Fig. 3).

The importation of stocks from increasingly dis-
tant areas and subsequent intermingling with the
native fish also probably contributed to the decline.
The lack of sufficient adult return to bring the
hatchery up to its rearing capacity must have con-
tributed to the decision to import the different
stocks. Reisenbichler (1988) determined that the
recovery rate of hatchery-reared coho salmon was
negatively related to the distance they were re-
leased from their native stream. The importation
and possible release of nonnative stocks occurred
4 times (1901, 1922, 1926, and 1941) in the first
50 years of operation and 31 times in the past
38 years. In fact, from 1968 to 19883, 51% of the fall
chinook salmon released in the Little White Salmon

Table 11. Release and recovery data for marking studies conducted on fall chinook salmon (Oncorhynchus )
tshawytscha) reared at Little White Salmon National Fish Hatchery.®

"Fish released

Brood years
and recovered 1915-19 1956-58 1964 1978-80
"Released
Number 74,000 8,676,420 797,345 854,300
Size (no/kg) 660 313 390 218
Date Jul, Aug May-February June June
Recovered i )
Hatchery 17 688 87 ‘38
Columbia River fishery 32 13 29
Released-Recovered (x 1,000) i
Hatchery "0.23 0.19 "0.05 0.04
Columbia River fishery 043 A 0.02 0.03
Stock-recruitment ratio 0.95 0.86 1.12 0.36

"®Data from Rich and Holmes 1929; Cox 1958, 1957, 1958, 1959, 1960; Wahle and Vreeland 1979; Vreeland 1985,




River were not native o the system. The effect of
these introductions on the native stock is illus-

trated by the significant change in spawning time, ’

from a mean of 20 September in the years before
1963 to a mean of 27 September from 1964 to 1985.

The introduction of different stocks of tule fall
chinook salmon, in conjunction with the sockeye
salmon and chum salmon stocks from Alaska and
Puget Sound populations, probably introduced
pathogens to the Little White Salmon NFH. Re-
cords through the 1940’s do not mention any ex-
cesgive losses to diseases; instead, they comment
that the hatchery was free of diseases. In the
1950’s, the mention of diseases increased, and
juvenile losses became progressively more com-
mon. Compounding the disease problem was the
decision to rear fish for longer periods. Before
1953, fall chinook salmon were invariably re-
leased before mid-May; thereafter, they were gen-
erally released later, and some were held for re-
lease the following year. This extended rearing
resulted in juvenile survival declining signifi-
cantly from 1916-64 to 1965-84.

Evidence to suppart the decision to release fall
chinook salmon in mid-June to correspond with
high flow rates is lacking. After the closure of Bon-
neville Dam, the stock-recruitment ratios of brood
years released before 1 May were higher than those
released later. As the survival of the broods in the
hatchery declined significantly when reared for the
longer period, it would appear that the earlier re-
lease of fish would have been more effective.

Although well intentioned, the efforts to perpet-
uate a stock of salmon led instead to its demise. It
would be convenient to solely blame the construc-
tion and operation of Bonneville Dam for causing
the extinction, but in the 30 years from 1939 to
1968, the stock-recruitment ratio was >1 in each of
17 years, and the egg take exceeded 11 million on
16 occasions. Therefore, the causes for the extine-
tion of this stock of fall chinook salmon apparently
included the introduction of different stocks, which
altered their genetic fitness and introduced dis-
eases, and the management decision to rear fish
longer, which decreased their survival both in the
hatchery and after release.

As a postscript, the decision to switch to the
“bright” stock of fall chinook salmon in 1985 re-
ceived a setback in May 1987, when the entire
year’s production was destroyed because of an
outbreak of IHN.

"SALMON CULTURE 21

'Acknowledgments

We thank D. Diggs, D. Leith, and J. Mullan for
their constructive reviews of the manuscript. Re-
view and comments by B. Cox, H. Johnson, and
A. Kemmerich, who were Little White Salmon
NFH manager (1947-60), Little White Salmon
NFH biologist (1953-72), and Columbia River Pro-
gram Director (1938-60), respectively, were partic-
ularly helpful. J. Hall-Griswold designed the cover
illustration.

References

Beiningen, K. T. 1976. Fish runs. Pages E1-E65 in
Investigative reports of Columbia River fisheries
project. Pacific Northwest Regional Commission,
Vancouver, Wash.

Bryant, E G. 1949. A survey of the Columbia River and
ita tributaries with special reference to its fishery
resources. 2. Washington streams from the mouth of
the Columbia River to and including the Klickitat
River (Area 1). U.S. Fish Wildl. Serv, Spec. Sci.
Rep. 62. 110 pp.

Cobb, J. N. 1911. The salmon fisheries of the Pacific
Coast. Report of the United States Commissioner of
Fisheries for 1910 and special papers. Bur. Fish. Doc.
751. 179 pp.

Collins, J. W. 1892. Report of the fisheries of the Pacific
Coast of the United States. United States Commis-
sion of Fish and Fisheries. Part 16. Rep. Comm.
1888:3-269.

Columbia Basin Fish and Wildlife Authority. 1988. Re-
view of the history, development, and management of
anadromous fish production facilities in the Columbia
River basin. Report of the Columbia Basin Fish and
Wildlife Authority, Portland, Oreg.

Cox, H.B. 1951. Annual report calendar year 1950,
Little White Salmon station. U.S. Fish and Wildlife
Service, Cook, Wash.

Cox, H. B. 1952. Annual report calendar year 1951,
Little White Salmon station. U.S. Fish and Wildlife
Service, Cook, Wash.

Cox, H. B. 1953. Annual report calendar year 1952,
Little White Salmon station. U.S. Fish and Wildlife
Service, Cook, Wash.

Cox, H. B. 1956. Annual report calendar year 1955, Little
White Salmon fish cultural station. U.S. Fish and
Wildlife Service, Cook, Wash.

Cox, H. B. 1957. Annual report calendar year 1956, Little
White Salmon fish cultural station. U.S. Fish and
Wildlife Service, Cook, Wash.

Cox, H. B. 1958. Annual report calendar year 1957,
Little White Salmon fish cultural station, U.S. Fish
and Wildlife Service, Cook, Wash.



“92  BIOLOGICAL REPORT 90(17)

Cox, H.B. 1959. Annual report calendar year 1958,
Little White Salmon fish cultural station. U.S. Fish
and Wildlife Service, Cook, Wash.

Cox, H. B. 1960. Annual report calendar year 1959,
Little White Salmon fish cultural station. U.8. Fish
and Wildlife Service, Cook, Wash.

Evenson, E. H. 1948, Annual report calendar year 1947,
Little White Salmon station. U.S. Fish and Wildlife
Service, Cook, Wash.

Everman, B. W, and 8. E. Meek. 1898. Salmon investi-
gations in the Columbia River basin and elsewhere
on the Pacific Coast in 1896, Bull. U.S. Fish Comm.
17:15-84.

Howell, B, K. Jones, D. Scarnecchia, L. LaVoy, W. Ken-
dra, and D. Ortmann. 1984. Stock assessment of
Columbia River anadromous salmonids. Vol. 1.
Chinook, coho, chum, and sockeye salmon stock sum-
maries, Final report (Contract DE-AI79-84BP12737)
to Bonneville Power Administration, Portland, Oreg.

O'Malley, H. 1921. Artificial propagation of the salmons
of the Pacific Coast. Report of the United States
Commissioner of Fisheries for the fiscal year 1919.
Appendix 2, Document 879. 32 pp.

Phinney, L. A. 1976. Commercial fishery regulations and
management objectives, with observations on sport
fishery catch statistics. Pages 1-48 in Investigative
reports of Columbia River fisheries project. Pacific
Northwest Regional Commission, Vancouver, Wash.

Rathbun, R. 1892. Report on the inquiry respecting
food-fishes and the fishing grounds. Report of the
Commissioner for 1888, U.S. Commission of Fish and
Fisheries Part 16:41-107.

Ravenel, W. 1898. Report on the propagation and distri-
bution of food-fishes. Report of the Commissioner for
the year ending June 30, 1897. U.S. Commission of
Fish and Fisheries Part 23:18-90.

Ravenel, W, 1899. Report on the propagation and distri-
bution of food-fishes. Report of the Commissioner for
the year ending June 30, 1898. U.S. Commission of
Fish and Fisheries Part 24:31-122.

Ravenel, W, 1900. Report on the propagation and distri-
bution of food-fishes. Report of the Commissioner for
the year ending June 30, 1899, U.S, Commission of
Fish and Fisheries Part 25:35-118.

Ravenel, W, 1901. Report on the propagation and distri-
bution of food-fishes. Report of the Commissioner for
the year ending June 30, 1900. U.S. Commission of
Fish and Fisheries Part 26:25-118.

Reisenbichler, R. R. 1988. Relation between distance
transferred from natal stream and recovery rate for
hatchery coho salmon. N. Am. J. Fish. Manage.
8:172-174.

Rich, W. H., and H. B, Holmes. 1929. Experiments in
marking young chinook salmon on the Columbia
River, 1916 to 1927. Vol. 44, 1928. U.S. Bur. Fish.
Bull. Doc. 1047:215-264.

Ross, A. V. 1970. Mycobacteriosis among Pacific salmo-
nid fishes. Pages 279283 in S. F. Snieszko, ed. A
symposium on diseases of fishes and shellfishes. Am,
Fish. Soc. Spee. Publ. 5.

U.8. Bureau of Fisheries. 1910, The distribution of fish
and fish eggs during the fiscal year 1908. Bur. Fish.
Doc. 644:7-93.

U.S. Commission of Fish and Fisheries. 1876. The prop-
agation of food-fishes in the waters of the United
States. Report of the Commissions for 18784 and
1874-5, Part B:15-45.

.8, Geological Survey. 1978. Water resources data for
Washington water year 1977; Vol. 1. Western Wash-
ington. U.S. Geological Survey Water Data Report,
Tacoma, Wash.

Vreeland, R. R. 1985, Evaluation of the contribution of
chinook salmon reared at Columbia River hatcheries
to the Pacific salmon fisheries. Annual Report (Con-
tract DE-AI79-84BP39638) to Bonneville Power
Administration, Portland, Oreg.

Wahle, R. V,, and R. R. Vreeland. 1979, Bioeconomic
contribution of Columbia River hatchery fall chinook
salmon, 1961 through 1964 broods, to the Pacific
salmon fisheries. Fish. Bull.76:179-208.



