





























































































































=

Figure _. (Continued) Observed temperature ranges for various life stages of Pacific salmon.

TEMPERATURE RANGE °C

SPECIES LIFE SOURCE LOCATION MIGRATION SPALNING INCUBATION REARING
OF FISH STAGE

Coho Juvenile Cederholm & Scarlet Washington St. 6

(cent) 1982
Bustard & Narver V ncouver Is., 7
1975 Bric. Col.
Bell 1973 7.0-16.5 11.8-14.6
McNeil & Bailey 1975 Southeast AK 3 L.4-15.7 3
McMahon 1983 4-16,6-12 4-21,7-15
Wallis 1983 Anchor R, AK 2-15,7-1&
Whitmore 1979 Caribou L, AK 11-15.5
Seldovia L,AK 3,0-5.7
ADF&G 1984 Susitna R, AK 4,2-14.5
Egg/Alevin Bell 1973 4.4-13.3
McMahon 1983 L=14 ,4-10
Pink Adult Bell 1973 7.2-15.6 7.2-12.8
Bell 1983 USSR 5
McFeil & Bailey Southeast 7.0-13
1975 Alaska
Sheridan 1962 Southeast AK 7.2-18.4
McNeil et al 1964 Southeast AK 10.0-13.0
ADF&G 1984 Susitna R, AK 7.8-15.5 8.0-11.0
Juvenile Bell 1973 5.6-14.6
McNeil & Bailey 1975 Southeast AK L.6-15.7
Wilson 1979 Kodiak Is. 5.0-7.0
Wickett 1962 Brit. Col. 4,0-5.0
ADF&G 1984 Susitna R, AX 4,2-14.5
Egg/Alevin Bell 1973 4.4-13.3
Bailey & Evans 1971 Southeast AK 4.5
Combs & Burrows 1957 Lab. 0.5-5.5
McNeil et al. 1964 Southeast AK 1.0-8.0
Codin 1980 Lab. 3.4-15.0
Sockeye Adult Bell 1973 7.2-15.6 10.6-12.2
Bell 1983 2.5
McNeil & Bailey 1975 Southeast AK 7.0-13.0
Nelson 1983 Southeast AK 8.3-14.3

ADF&C 1984 Susitna R, AK 5.8-15.5 L.,9- 7.6
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Figure _. (Continued) Observed temperature ranges for various life stages of Pacific salmom,

TEMPERATURE RANGE °C

SPECIES LIFE SOURCE LOCATION MIGRATION SPAWNING INCUBATION REARING
OF FISH STAGE
Sockeye Juvenile McCart 1967 Brit. Col. 5.0-17.0
(cont) Raleigh 1971 Lab. 4.5
Bell 1973 11.2-14.6
McNeil & Bailey 1975 Southeast AK L.b-15.7
Fried & Laner 1981 Bris.Bay, AK 4.0- 7.0
Bucher 1981 Bris.Bay, AK 4.4-17.8
Hartman et al. 1967 Alaska-wide 4.5-10.0
Flagg 1983 Kasilof R,AK 6.7-14.4
ADF&G 1984 Susitna R, AKX 4,2-14.0
Egg/Alevin Bell 1973 4.4-13.3
Combs 1965 Lab. 4.5-14.3,1.5
ADF&G 1983 Susitna R, AK 2.9-7.4
Waangard & Burger Lab. 2.0-6.5
1983
Chinook Adult Bell 1973 3.3-13.9 5.6-13.9
Bell 19813 I
McNeil & Briley 1975 Southeast AK . 7.0-13.0
Wallis 1983 Anchor R,AK  2-14,5-10
ADF&G 1984 Susitna R, AK 6.6-15.6 7.8-10.9
Juventile Ravmond 1979 Columbia R 7 7.3-14.6
Bell 1973
McNeil & Bailey 1975 Southeast AK b.4-15.7
AEIDC 1982 Southcent. AK 4.5
Wallis 1983 Anchor R, AK 6-16,8-16
ADF&G 1984 Susitna R, AK 4.2-14.5
Egg/Alevin Bell 1973 S.O-lbik
Combs 1965 Lab. 1.5
Alderdice & Velsen 2,5-16.0

1978

Note: _Single temperature values are lower observed thresholds.
After eggs had developed to the 128-cell or early blastula stage at 5.5 °C

Optimum range

Peak migration range
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Terminology

Acclimation - a physiological adaptation to natural or applied environ-

mental conditions.

Incipient lethal level or temperature - upper and lower temperature
level where temperature is beginning to have a lethal

efrect.

Preferred or selected temperature - the range of temperatures in which
animals congregate or spend the most time in a free
choice situation and is sometimes considered synonymous

with optimum.

Zone tolerance - thermal zone in which fish can live free from the

lethal effects of temperature.



Response Temperature

LE

-

-:j

5 10 15 20

Acclimation Temperature
Zone of Preference

Tolerance Zone

CTM — Ciitical Thermal Maximum
UILT — Upper Incipient Lethal Temperature
LILT — Lower Incipient Lethal Temperature

Fig.

LE — Line of Equality

Diagram showing temperature relations of salmon.

(Adapted from Jobling 1981)
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CHUM SALMON NOMAGRAPH
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CHUM SALMON NOMAGRAPH
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PRELIMINARY SALMON TOLERANCE CRITERIA FOR SUSITNA RIVER DRAINAGE

TEMPERATURE °C

SPECIES LIFE PHASE TOLERANCE PREFERRED
Chum Adult Migration 1.5-21.0 6.0-13.0
Spawning 1.0-16.0 6.0-13.0
Incubation 0-10.0 2.0- 8.0
Rearing 1.5-16.0 5.0-15.0
Smolt Migration 3.0-13.0 5.0-10.0
Sockeye Adult Migration 2.5-16.0 6.0-12.0
Spawning 4.0-14.0 6.0-12.0
Incubation 2.0-14.0 4.5- 8.0
Rearing 4.0-16.0 7.0-14.0
Smolt Migration 4.0-18.0 5.0-10.0
Pink Adult Migration 5.0-18.0 7.0-13.0
Spawning 7.0-18.0 8.0-13.0
Incubation 0-13.0 4.0-10.0
Smolt Migration 4.0-13.0 5.0-10.0
Chinook Adult Migration 2.0-16.0 7.0-13.0
Spawning 5.0-14.0 7.0-12.0
Incubation 1.5-16.0 4,0-12.0
Rearing 4.0-16.0 7.0-14.0
Smolt Migration 4.0-16.0 7.0-14.0
Coho Adulet Migration 2.0-19.0 6.0-11.0
Spawning 1 2.0-17.0 6.0-13.0
Incubation 0-14.0 4.0-10.0
Kearing 4.0-21.0 7.0-15.0
Smolt Migration 2.0-16.0 6.0-12.0

1Embryo incubation rate increases as temperature rises. Accumulated
temperature units or days to emergence should be determined for each
species as criteria for incubation.
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Figure Mean-temperature °C:September 1 through-April 30.

1974=1975 1982-1983
RM- NATORAL WATANA WATANA NATURAL WATANA WATANA
1996 2001 1996 2001
150 0.9 221 224 1.1 2.8 3.1
130 1.0 1.8 2.0 1.2 2.4 225
100 1.1 1.6 1.7 1.3 2.0 222
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May 15, 1984

ICE AND TEMPERATURE STUDIES WORKSHOP

ADF&G PRESENTATION

IV. DEVELOPMENT OF TEMPERATURE CRITERIA FOR FISHERY ASSESSMENT
A. Field Studies of Instream Habitat (Temperature Relationships)
-Fish Relationships to Susitna Thermal Regime (preproject),

Conclusions reached to date.....

1. Spawning of the five pacific salmon species does not occur to
any appreciable extent in the waters directly affected by the
mainstem Susitna during the winter months.

2. Chum and sockeye spawn, apparently selectively, in areas
influenced by ground water or upwelling with winter temperatures
generally within one degree of three degrees centigrade.

3. Chinook, pink, and coho apparently spawn primarily in
tributaries and temperatures during midwinter of less than 1
degree centrigrade. At least chinook and pink obtain much of the
thermal units necessary for development by spawning earlier to
obtain early fall thermal input.

4. The resident whitefish apparently successfully spawn in
mainstem areas in October, burbot in January, and 1long nose
suckers in May or June. Spawning appears to be limited

by stable substrate and dewatering rather than temperature.

S. Upper limits on rearing temperatures do not appear to be
reached in the Susitna rearing habitats. No correlations of
distribution with open water temperatures have been observed.

6. Lower temperatures are associated with increased use of
sloughs and gravel substrate for cover. Outmigration from
tributaries appears to be extensive and attraction to ground
water sources in sloughs appear to correlate with late fall
movements of juvenile chinook and coho salmon.

7. Temperatures at chum and sockeye spawning areas are primarily
influenced by mainstem water overflows caused by ice
processes. A one time event at slough BA correlated well with
reduction in development rates of sockeye and chum embryos.



Vi. Instream Ice Predictions and Analysis
A. Natural Instream Ice Conditions
Fishery Habitat Investigations.

—fish relationships to Susitna ice regime (preproject),
Conclusions reached to date.

1. The further north, the more influence ice processes have on
tributary overwintering (apparently) with outmigrations of most
resident and juvenile salmon species occurring with the onset of
winter.

2. Mainstem Susitna habitats provide stable flows in midwinter,
after an ice cover is formed.

3. Slough habitats provide stable conditions apparently
associated with thermal input of ground water.

4. Onetime observation of midwinter overflow of slough B8A
suggested increased anchor ice and reduced temperatures.
Unstable flow conditions associated with ice appear to most the
major limiting factor.

S. Radio tagged resident fish generally move downstream during
the course of the winter and corresponds with increasing ice
cover.

. Concentrations of resident fish in the winter appear to be
attracted to ground water and thermally affected areas.

7. Limited burbot spawning may occur at sites directly affected
by mainstem flows.

8. Because of the catastropohic nature of ice processes,
confirmation data on hypotheses presented is difficult to obtain.

. Overwintering habitat is probably a major limitation in the
praoduction of resident and the rearing juvenile salmon species.
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