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CULTURE STRATEGIES AND PROCEDURES

Fall- or ocean-type chinook salmon runs produce juveniles that often
begin the marine phase of growth during the first year of life. No runs of
fall chinook salmon occur in Alaska. All Alaskan stocks are spring, or stream
type, chinook salmon that have at least one freshwater annulus before
estuarine and ocean growth begins (Rowland 1969; Kissner 1975; Kissner
1977). Although not precisely defined, the northernmost runs of fall chinocok
salmon presumably are along the northcentral coast of British Columbia. The
environment north of this region may not support fall chinook salmon--an
important factor in considering strategies for culture in Alaska.

For many reasons, spring chinook salmon have not been cultured as
successfully as fall chinook salmon in North America. Spring chinook salmon
tend to spawn farther inland and remain longer in freshwater, both as adults
and juveniles; thus, their hatchery biclogy is more complex. Few natural
populations of juvenile spring chinook salmon have been studied in detail.
Two populations studied in detail are the population in the Wenatchee River, a
mid-Columbia River tributary (French and Wahle 1959), and the population in
the Yakima River (Majer and Mighell 1969). Most spring chinook salmon
hatcheries started after natural spawning and rearing habitat was threatened
or destroyed. Many hatchery managers failed to consider the different
biological requirements of different hatchery stocks or the influence of the
hatchery environment on transplanted stocks. Only a few studies compare
the effects of different hatchery practices on return rates of spring chinook
salmon. Royal (1972 p. 140) summarizes hatchery practices in the Pacific
northwest and concludes (p. 140) "“...operations involving spring chinook
salmon leave much to be desired if a successful hatchery program is to be

evolved." Earlier in the same report (p. 136) he points out "It is imperative















EGG-TO-FRY PERIOD (AUGUST-DECEMBER 1976)
Incubation
Eggs were incubated in standard Heath! incubators with stacked trays.
Flow rates through the 16-tray units were 5 gpm (23 liter/min). Loading
densities during the newly fertilized-egg stage ranged from 1 liter to 4 liters
of eggs per tray; loading densities during eyed-egg and alevin stages were
less than 1.5 liter per tray (~2,500 eggs or alevins per liter). Details of
incubation through the advanced eyed-egg stage by stock and in some cases

by individual females are documented elsewhere (Heard and Wertheimer 1976).

Survival
A total of 66,000 eggs were collected from the 1976-brood of stocks from
Chickamin and Unuk Rivers, and 48,000 (72.7%) eggs survived from green
eggs to the eyed-egg stage. Survival from eyed egg to initial feeding of fry
was 97.5% (46,800) and from green egg to fry was 70.9%. Survival from egg

to fry, differentiated by stock, is summarized in Table 1.

Table 1.--Survival from egg to fry of 1976-brood chinook salmon incubated at

Little Port Walter.

Survival

Numbers of eggs

Number To eyed Eyed egg to  Overall
Collected Eyed stage of fry egg stage fry stage egg-to-fry

Stock (10%) (103) (10%) %) (%) €y
Chickamin 27.8 21.8 20.6 78.4 94.5 74.1
Unuk 38.2 26.2 26.2 68.6 100.0 68.1
Totals 66.0 48.0 46.8 72.7 97.5 70.9

1 Reference to trade names does not imply endorsement by National Marine

Fisheries Service, NOAA.
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To compare survival from green egg to eyed egg and to determine the
incidence of malformed alevins, we collected two groups of eggs on 7 August:
eggs from a single "shaker" female that was not fully ripe and eggs from two
completely ripe females (Heard and Wertheimer 1976). Pooled miit from three
males fertilized the two groups of eggs. Only 60.0% of the eggs from the
"shaker" female survived to the eyed-egg stage; 95.4% of the eggs from the
ripe females survived to the eyed-egg stage. In the "shaker" group, 5,711
eyed eggs produced 421 (7.4%) malformed alevins. In the ripe-female group,
5,827 eyed eggs produced 7 (0.1%) malformed alevins. Differences in survival
and incidence of malformed alevins in these two groups of eggs emphasize the

importance of maturity of females used for artificial spawning.

Temperature and Development

Incubation periods and the time of emergence of the chinook salmon
incubated at LPW and their siblings incubated in their natal streams could not
be compared for the 1976 brood. Initial incubation temperatures were only
1C° higher at LPW than temperatures of Chickamin River water on 5 and
7 August spawning dates (11°C vs. 10°C). However, temperatureé at LPW
throughout the egg-to-fry incubation period (Figure 2) probably averaged
higher than in the natal Behm Canal rivers. Chinook salmon fry in the Taku
River system are thought to emerge in April and May (Kissner 1977, p. 21),
and it seems likely that Chickamin River and Unuk River fry also emerge at
this time.

All of the fry from eggs collected on the first spawning date (5 August)
had absorbed their yolk by 29 and 30 November and were placed in rearing
tanks at LPW. Fry at LPW emerged 5 to 6 months before wild fry probably
emerged in their natal streams. Accumulated temperature units for different

groups of 1976-brood incubated at LPW are given in Table 2.
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OVERWINTER FRY REARING (DECEMBER 1976 - 29 MARCH 1977)
Rearing Units

Chinook salmon fry were cultured during the overwinter period in four
semicylindrical tanks. Each tank had an effective rearing volume of 55 ft3
(1.6 m3). These tanks, maintained inside the Little Port Walter dome facility
(Heard et al. 1978, pp. 2, 15), had laminar, single-pass water flows. The
ratio of fish to water flow (flow-loading rate) did not exceed 3.0 pounds/gpm
(0.36 kg/liter per min). Fry from different stocks and spawning dates were
maintained in separate rearing tanks (Table 3). Tanks 1 and 2 held
Chickamin River fry from spawning dates of 7 and 5 August, respectively;
and tanks 3 and 4 held Unuk River fry from spawning dates of 18 and 21
August, respectively.

Growth and Survival

We periodically weighed the fry and determined mean weights and growth
rates of fry in each tank. Fry in tanks 1 and 2 were initially weighed on
11 December; fry in tanks 3 and 4 were initially weighed on 22 December.
All four populations of fry were again weighed on 7 February and 298 March.
We moved the fry to vertical raceways on 29 March.

Most daily growth rates ranged from 0.7% to 1.2% during the overwinter
period, except in tank 4 where the growth rate was only 0.1% for the first
part of the period (Tabie 3). Accumulated temperature (measured by
temperature units) in tank 4 (from the 21 August spawning) was lower than
accumulated temperature in other tanks (Table 2) and caused the fry in this
tank to be less developed physiologically than fry in other tanks. Gain ratios
(final weight/initial weight) for the overwinter period were 2.5 for both

Chickamin groups and 2.0 and 1.6 for the two Unuk groups (Table 3).
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The observed overwinter growth may have been greater than we could
usually expect at Little Port Walter because the winter of 1976-77 was
uncommonly mild and resulted in higher than normal water temperatures.
Freshwater temperatures were often above 3.0°C in 1976-77 (Figure 2)
although wusually during this period freshwater temperatures rarely exceed
3.0°C and are often below 2.0°C (see figure 11 in Heard et al. 1977).

The number of fry in each population was estimated from en masse
weights at the beginning and end of the overwinter period (Table 3), and
survival ranged from 95.1% to 98.9% in the four tanks and averaged about 97%

overall.
Fish Health and Drug Therapy

We recorded the number of dead fry removed from each tank during the
overwinter period. Deaths in tanks 1, 2, 3, and 4 were 104, 288, 381, and
859, respectively. The mortality rate was highest during early January.
Samples of dead fish examined by the fish pathology staff of ADF&G failed to
reveal any particular causative pathogens. These losses may have been
related to congenital problems associated with the initial rearing of fry at low
temperatures.

Distressed fish often swam erratically, spiralling and fluttering downward
until they reached the bottom of the tank. This behavior may have been part
of a fright response, which began when an observer first approached or

bumped the tank. Tests for whirling disease, Myxosoma cerebralis, were

negative.

We administered two standard 10-day antibiotic treatments of
oxytetracycline (Wood 1974, p. 7): the first in January to avoic; bacterial
complications; the second in March to minimize effects of stress associated
with transferring and handling fish. Effectiveness may have been minimal
because of low water temperatures, low feeding rates, or low intake of the

antibiotic.
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FRY-TO-EARLY FINGERLING (29 MARCH - 20 JUNE 1977)
Rearing Units

On 29 March, after weighing the fish, we moved them from indoor
rearing tanks to outside vertical raceways (see figures 4 and 5 in Heard and
Martin 1979) floating in the LPW estuary. The rearing volume of the
raceways was about 600 ft3 (17.0 m®). Fry from the same stock but with
different spawning dates were combined and the two stocks were held in
separate raceways. Freshwater flowed through each raceway at a rate of
100 gpm (378 liter/min). In the raceway with fry from the Chickamin stock,
the maximum water flow-loading rate was 3.1 pounds/gpm (0.38 kg/liter per
min) and the maximum volume-ioading rate was 0.5 pound/ft3 (8.0 kg/m3); in
the raceway with fry from the Unuk stock, these rates were 3.3 pounds/gpm
(0.39 kg/liter per min) and 0.6 pounds/ft3 (9.6 kg/m3), respectively.

A wire-mesh fence 2 ft (0.6 m) in height with an electricaily charged
wire along the top was installed around the float frames that supported the
vertical raceways. In past studies, similar arrangements were reasonably

effective in keeping mammalian predators out of raceways.

Growth and Survival
Increasing temperatures’ (Figure 2) and photoperiod were accompanied by
increased growth during this culture period. Daily growth rates were 2.3%
and 2.6% and gain ratios were 7.3% and 9.0% for Chickamin and Unuk stock

raceways, respectively. Survival was similar, 95.5% and 96.0%, in both

raceways during the period (Table 4).

Fish Health and Drug Therapy
The low but steady attrition in both raceways during this period (29

March to 20 June) was primarily a continuation of the losses that occurred



























25

FINGERLING TO AGE 1 SMOLT STAGE (19 AUGUST 1977 - 7 JUNE 1978)
Réaring Units

We established three new groups (cne group from Chickamin stcck and
two groups from Unuk stock) at the beginning of this period: two of the
groups were transferred to net pens suspended in the LPW estuary; the other
group was put into a vertical raceway with freshwater. On 20 August,
approximately 4,800 Chickamin fish were transferred from intermediate salinity
raceway, VR-2, into the net pens. These fish became the Chickamin net-pen
group (designated NP-1). One group from Unuk stock, the Unuk net-pen
group (designated NP-2), was established 21 August and was estimated to be
4,800 fish: 3,200 fish were from intermediate salinity raceway VR-3 and
1,600 fish were from freshwater raceway VR-4. The other_group of Unuk
stock, an estimated 4,828 fish, was placed in a freshwater raceway, VR-5, on
21 August and was made up of 1,609 fish from VR-4 and 3,219 fish from
VR-6. After all the fish were transferred, estimated numbers of fish in the
three Chickamin groups (VR-1, VR-2, and NP-1) and in the five Unuk
groups (VR-3, VR-4, VR-5, VR-6, and NP-2) ranged from 4,633 to 4,828 fish
(Table 7).

The net pens, suspended in the LPW estuary, were 12 ft x 25 ft x 12 ft
with 1/4-inch mesh (3.7 m x 7.6 m x 3.7 m with 6.4 mm mesh). Rearing
depth of net pens, however, was only about 9 ft (3 m) because the aluminum
frame supporting the net was raised about 3 ft (1 m) above the water to keep
predators out. Rearing volume of the net pens was about 2,700 ft3 (76.5
m3).

All raceways had a water flow of 100 gpm (378 liter/min) throughout late
summer, fall, and winter. Water in VR-1, VR-4, VR-5, and VR-6 was fresh;

seawater in VR-2 and VR-3 had a salinity of 8-10°/,,. Flow=-loading rates
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early part of the period because a moderately severe "fin rot" developed in
the raceways in September. Fish in VR-2 had a daily growth rate of 0.8%
and a 70% weight increase in the 63-day interval, 20 August to 22 Cctober
(Table 7). After 22 October, most feeding rates were further reduced to
0.5% of the fish weight in all raceways and remained at 0.5% for the remainder
of the period. In VR-6, the one exception, the feeding rate was increased to
0.7% during late April and May. During the 173-day overwinter period from
22 October to 13 April, the daily growth rate in VR-2 was 0.1% at feeding
rates of 0.5% of hody weight per day (Table 7). 1In VR-6 after the
population was split into two raceways and the feeding rate was increased to
0.7% of body weight per day (14 April to 6 June), daily growth rate
increased to 0.4%. Gain ratios of the eight groups throughout the period
ranged from 1.8 in VR-1 to 2.4 in NP-1 (Table 7). There were no consistent
differences in growth between stocks or culture treatments.

Survival rates in the raceways, based on estimated numbers at the start
of the period and on counts of fish in each population at the end of the
period, ranged from 80.9% to 102.3% (Table 7). Survival in freshwater
raceways (90.9-102.3%, mean 96.0%) was similar to survival in 8-10°/,, saline
raceways (94.9-95.7%, mean 95.3%). Survival rates of the two stocks in
raceways were also similar: Chickamin stock in VR-1 and VR-2 had an
average survival of 96.3%; Unuk stcck in VR-3, VR-4, VR-5, and VR-6 had
an average survival of 95.6%. We believe the wide range of survival values
of the Unuk stock was primarily due to a low bias in estimating the initial
numbers and, possibly, some differential losses to predators.

Unuk stock may actually have survived better than Chickamin stock. A
total of 320 dead fish were removed from Chickamin raceways VR-1 and VR-2;

less than 80 dead fish were removed from Unuk stock raceways VR-3, VR-4,



VR-5, and VR-6 (Table 9). Procedures for observing, removing, and
recording dead fish were the same for both stocks. Records of dead fish may
more accurately reflect differences in survival among stocks than en masse
estimates. Discrepancies in numbers of fish in these two procedures are

reviewed in Table 10.

Table 9.--Monthly summary of numbers of dead fish in eight groups
of 1976-brood spring chinook salmon (October 1977
through May 1978).

Rearing Number of dead fish

unit® Oct Nov Dec Jan Feb Mar Apr May Total
VR-1 13 19 2 15 8 18 34 6 115
VR=2 8 32 43 78 25 8 10 — 205
VR-3 6 6 1 0 2 1 3 -- 19
VR-4 2 0 4 e 1 2 0 0 11
VR-5 1 2 2 0 1 0 4 -- 10
VR-6 10 2 0 0 1 1 4 e 18
NP-1 29 16 45 S 23 46 33 14 211
NP-2 173 41 50 29 26 32 17 g 377

4 VR-1, VR-2, and NP-1 contained Chickamin fish; all others Unuk

fish.

Estimated survivals of the two stocks in the two net pens were similar:
91.7% and 92.2% (Table 7). bverwinter survival of the chinook salmon
fingerlings was similar to overwinter survival of coho salmon fingerlings in
net pens at Little Port Walter (Heard et al. [see footnotes 4, 5]; Tables 5
and 7) suggesting both chinoock salmon and coho salmon are adaptable to this
type of culture. The discrepancy between estimated and recorded numbers of
dead fish in NP-1 (Table 10) is normal because marine amphipods often
destroy carcasses in net pens before the carcasses can be‘ removed and
counted. The fact that there was almost no difference in the numbers of

counted fish and estimated number of dead fish in NP-2 (Table 10)
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On 1 June, a small female mink, Mustela vison, was seen leaving VR-6A

with a fish in its mouth. The animal was trapped and removed. The mink
had entered the fenced raceway through several small holes between the
raceways and the support floats. The holes were closed. We found a second
mink--a large, drowned male--in VR-6A on 5 June. When these fish were
counted and checked for tag retention on 6 June, 91 fish were missing from
the population, all from VR-6A.

Problems with bird predators, principally kingfishers, Megaceryle alcyon,

were generally minor after troublesome individuals were removed.

Fish Health and Drug Therapy

In September, fins--particularly caudal fins and to a lesser extent dorsal
fins--developed "fin rot" in the six raceways. In the most extreme cases,
the entire caudal fin eroded away. Fish began dying in October, and most of
the dead fish removed from the raceways (Table 9) were infected with this
ailment. The ADF&G pathology laboratory reported that the affected areas
were heavily infected with myxobacteria, pseudomonad bacteria, and infested
with the ciliate protozoan Costia. However, no single pathogen was the
primary causative agent. Handiing fish is one of the main causes of "tail rot"
or "fin rot" disease (Wood 1974, p. 56). General crowding in the raceways
when vclume-loading and flow-loading rates were high in August and the
subsequent transferring and subdivision of the groups when water
temperatures were highest (Figure 3), probably caused "fin rot" to develop.
"Fin rot" was most severe in the two Chickamin raceways VR-1 and VR-2
(Table 9) and more severe in VR-2, an intermediate saline raceway, than in
VR-1, a freshwater raceway. VR-1 and VR-2 also had the highest

volume-loading and flow-loading rates prior to handling in August (Table 5).
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MARKING AND RELEASE OF AGE-1 SMOLTS

Eight groups of age-1 smolts were marked with distinctive coded-wire
tags, held in net pens for 36 h (prerelease holding period), and released into
the LPW estuary between 12 April and 7 June 1978. We observed behavioral
responses of each group to the 30°/,, seawater and recorded initial tagging
and handling losses during the holding period. Table 11 summarizes the
parent stocks, identifying codes, dates of release, numbers and size of fish,
and culture treatments for each group.

Rationale for analytical comparisons of the releases falls into the
following categories:

1) To determine effects of time of release on marine survival,

we will compare the three groups with the same parent stock

and culture treatment. The Unuk stock in freshwater

raceways was released early (fish in VR-4 were reieased 12

April), at the normal time (fish in VR-5 were released

10 May), and late (fish in VR-6 were released 7 June).

2) To determine the effects of stock origin on marine

survival, we will compare three paired groups from the two

stocks with the same culture treatment that were released at

the same time: a) fish reared in intermediate salinity water

and releaséd early (Chickamin stock in VR-2 were released 14

April, and Unuk stock in VR-3 were released 13 April); b)

fish cultured in freshwater and released at the normal time

(Chickamin stock in VR-1 were released 11 May, and Unuk

stock in VR-5 were released 10 May); and c¢) fish cultured in

the net pens released at the normal time (Chickamin stock in

NP-1 were released 12 May, and Unuk stock in NP-2 were

released 13 May).
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RETURNS OF AGE-=2; (1.0) ADULTS (MINI-JACKS)

During July and August 1978, several maturing male chinook salmon
weighing from 150 g to 600 g were caught by sport fishermen in the LFW
estuary near the mouth of Sashin Creek. These fish originated from age-1
smolts released earlier during the year. By late August, mature males of a
similar size with free-flowing milt were migrating past Sashin Creek weir at
the head of tidewater. Many were collected in a trap at the weir; however,
due to their small size, some escaped through the trap into fhe stream where
they were subsequently collected with pcle spears. These chinook salmon
"mini-jacks," which matured during the same year of entry into the marine
environment without remaining overwinter and producing an ocean annulus,
had the same biological pattern as coho salmon jacks. Spring chinook salmon
jacks usually have at least one océan annulus and return at age 3; (1.1) or
4, (1.2).

One hundred "mini-jacks" returned from seven of the eight groups of
age-1 smolts released (Table 13); no "mini-jacks" were recovered from the
age-0 smolts released in August 1977. The Unuk stock produced more
"mini-jacks” than the Chickamin stock. More Unuk "mini-jacks" were
recovered from groups released at the normal time or late than from groups
released early (Table 13). The large size of the smolts released--from 64 g
to 82 g in mean weight--15 to 20 times larger than wild age-1 smolts in
southeastern Alaska--likely influenced the return of "mini-jacks" at LPW from
the 1976-brocd releases. Findings at the Cowlitz Hatchery in Washington
have correlated high return rates of spring chinook salmon "mini-jacks" to
large size of smolts--in this case from 90 g to 120 g at release (C. Hopley,

pers. commun. 1979).
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Table 13.--Summary of age-2, (1.0) adulta, "mini-jacks," recoveries of 1976-brood spring
chinook salmon released as age-1 smolts in 1978 at Little Port Walter.

Recoveries

Little

Release Port Total
Codeb Weight Walter Sashin Survival
group Date (g) Number Treatment© estuary Creek  Number (%)
u-10 12 Apr 64.8 4,918 Early, freshwater 0 2 2 0.04
U-11 13 Apr 63.9 4,536 Early, overwinter,8°/,, 6 1 7 0.15
€12 14 Apr 72.2 4,552 Early, overwinter,8°%/., 0 1 1 0.02
C-13 11 May 64.2 4,472 Normal, freshwater 0 3 3 0.07
C-14 12 May 84.6 4,373 Normal, overwinter,30%°/,, O 0 0 -
uU-15 13 May 64.5 4,408 Normal, overwinter,30°/,, 10 8 18d 0.41
U-16 10 May 64.7 4,462 Normal, freshwater 15 7 23 0.52
u-17 7 Jun 82.8 4,184 Late, freshwater 38 8 46 1.10

a Only sexually mature fish or those in advanced stage of maturity. Two other fish

recovered away from Little Port Walter area are discussed in text. "Mini-jacks" have a total
age of 2 yr, having been released during their second year and maturing after 2-4 months
at sea. They have one freshwaler annulus and no ocean annulus and are recorded as 1.0
under the European system of age designation.

C and U prefixes indicate Chickamin and Unuk fish; number is the data 2 identification for
the binary-coded wire tags used on each group. '

Includes brief information on time of release, and culture history: Early = April; normal =
May; late = June.

One U-16 fish was recovered at Osprey Creek weir about 2 km from Little Port Walter.























