














APPENDIX B*

THERMAL TABLES

THERMAL TABLES—Time-temperature relationships and lethal threshold temperatures for resistance of aquatic
organisms (principally fish) to extreme temperarures (from Coutant, in press® 1972). Column headings, where not self-
viplunatory, are identified in footnotes. LD50 data obtained for single times only were included only when they amplified
temperature-time information.

Acchmation log bme =a—+b (temp.) Data hmuts Lethai
Sze Stage, age Length Weaght Sax Location Referance Extrame — e LDSD  threshoid<
Temgp= Tima 2 [ ] N r —— (4 7]
upper lower
Lagetdul sara-  Adult Northern Gull Heath. W. G. Upper 2 2,905 —0.094 31 0945 3.0 3%.0
Lo (Sargenl of California  (1967)%
LT
A tenica Adult Jofterson Co., Strawn and Upper EL] @090 21,9337 —0.4866 6 —0.990 4.0 4.5
2amond Kilh- Texas Dunn 35 Go0p 217919 —0.6159 6 —0.981 4.5 4.0
fah) (1960)» 5 (109000 26.8121 —0.5099 & —0.929 4.5 4.0
kL (0% 203930 —0.6290 6 —0.97M4 Q5 4.0
ABerzops alfinis Juvenile . . 6.0-6.2¢m LaJolla, Cakl. Doudoroft Upper 18.0 s 30.520
pmal) (1945°7) 2 Qnsn —-1.ms 9 -0.%6 BS NS e
Lower s 1.820
1.0 . 1LK20)
0 —0.4667 0.38% 17 0.9765 1.0 5.0 10.5
5.5 . : . 13,520
Ervortatyne-  Lamal 17-34 mm Mized Beaulort Har-  Lewss (1365)% Lower 10 0.9%117 0.254 3 0.9607 4.0 5.0
it Atlanbe bor, North » 10.0 0.1512 0.25% 1 052 50 —1.0 6.0
~enhagen) Carokina e 1.5 0.6602 0.21% 12 0.9852 5.5 . >0
(F°N) e 15.0 0.5%75 0231 W 0.9%6 7.0 >80
" 0.0 . D20 0mT 3 0.9612 4.0
Brevcortia ty:an-  Youag-of-the- o e Baaufort;  Lewisand Hel-  Upper 21 (597a) 57.9980 —0.1643 2 5.0 M0
rus (Allantic your NC. ter (1968)7 n (5°00) 85.1897 —2.351 2 5.0 U5
Tenhaden) Lower 16 (2630 %/e) .0 30 6.5
] (109/ca) 0 30 65
2wvoorka tyran-  Yearling Buulot,  Lewsand Het-  Upper 21 (5%700) .18 —1.060 3 09 M B
~us (Atlanbec NE ter (1960)%= 720 (6%) .08 —0.632 10 —0.96 35 n .5
Teahaden)
Crasgus auratus  Juvemie qan Mized Commercial  Fry, Bratt, & Upper -2 ; - i)
islalish) Gealer Clawson 10 % n
(Toronto) (1942)% (and n : ¥ D]
Fry. Harl, & n . . E D]
Walker, 2 .. W03 0.5 2 0.0 390 9240 ...
1946)% n LN —-0am 2 4.0 4.0 §.008 ano
Lower L] . SR o LMW L
0 3 . 5.0014)
n : s ; . 15519
Catostomus com-  Adult (1-2 y) Lo 104198 Mined Don River,  Hart (1947"7) Uppar 5 .69 -1.1091 2 ns 7.0 . %)
mersonni (whele (mode) Thornhill, 10 199090 060 3 -0 ™ A .1
tacker) Ontane 15 3.9007 —-1.00M 2 » b-51 13
F 7,000 —0.0088 4 —0.9%06 .5 N nl
- noe —wan 1 -0 2.5 1S . B3
Lower n .5
b 6.0
* Itis assumed in this table that the acclimation lemperaturs reported i a true acchmation in the context of Brett 4 = |ncipient lethal tlamparature of Fry, st al, (1945).9
(19§2),7¢ « Salinity.
* Number of median resistance times used for calculating regression equation. 7 Log time 1n hours to 507 mortality, Inciudes 2-3 hr. required for test bath to reach the test temperaturs.

« Corretabion cosfficient (parfect A1 of all data points to the regression kne=1.0),

*From: National Academy of Sciences (1973). See pp. 410-419, 444-445, Appendix II-C.
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Appendix II-C 411

THERMAL TABLES—Continued

Acchimation log time=a-+b (temp.) Data hmuts Lethal
Species Stage ape Length Weight Sa Location Reference Extreme - -0 LDS0  thresho
Temp  Time a "I r —— %)
upper lower
Coregonus astedn Juvemle Mized Pickerel Edsall and Upper 2 Bwhs  16.5135 —0.6689 4 —0.9789 2.0 19.0 1
(cisco) Lakes Caldy, 5 dwhks  10.2799 —0.3645 3 —0.9264 4.0 200 n
Washtenaw  1370:2 1] S2wks 124980 0.8 § —0.9TM 20 M0 M2
Ca.. Mich. 2 Jwhs  1.2%1 —0.533 8 0.0 20 2%.0 %2
» Iwks 150204 0.3 7 —0.9%64 00 255 5.0
Lower 2 Bwks 1.5 03 <01
5 dwks 1.0 058 <0.5
10 >2wks 27055 0.3 S 0.2 30 0.5 k)
S Zwhks  2.90% 0.7605 6 0.963 45 0.5 %
% Iwks  LTISE 00652 3 0.5 85 0.5 (8]
Coregonus hoys  Juvenile ®.0mm Mired Lake Michi-  Edsall, Rottiers  Upper 5 M 1500 —0.501 5 —-0.%% 260 2.0 21
(blgater) e ) 5.0. 5.8 panat! & Brown, 10 S6a  9.0000 —0.20% & —0.9516 0.0 2.0 ni
Kenosha,  1970% 15 Sda 12108 —0.5107 4 —0.9%0 20.0 24.5 ua
Wise. 2 Sda 286392 -0.M58 4 —0.9692 290 255 5.2
5 Sda 23511 —0.654 5 —0.9888 0.0 2%.5 %1
Cyprinodon vane- Adult Jefterson Strawn and Upper k] @0 ) %N -06N7 6 -0.973 OO0 WS
gatus (sheeps- County. Dunn 35 (5° ) 3305 -0 & —0.977 &5 4.0 “s
head minnow) Teus (19617%) » (109 o) 30.0910 —0.6628 & ~—0.5350 4.5 4.8
15 (200 )  30.0394 —0.654 4 —0.99%2 £.5 4.5
Cypricodon vane- Adult Galveston  Simmons Upper 0 00 hrst  35.0420 —0.0025 2 a4 wa
gatus vanegatus Island, Gal- (1971 (from 21.3 C)
(sheepshead vesion, Texas
minngw )
Dorosoma cepedi- Underyearling Put-in-Bay,  Hart (1952)* Upper 25 fieldd 4L1163 —1.3010 3 —0.9975 355 .5 ua
anum (guzard Ohio 4 da
shad) 0 " 30850 —0.%M 4 —0.991 MO0 %S5 %.0
] - IS -0 5 —9.%4 3.0 3.0 %.50
Lower 25 0.
] WS
3 2.0
Dorosoma cepedi- Underyearling Knomville,  Hart(1352)%s Uppr 25 321348 0059 2 15 5.0 .5
anum (pzzard Tenn. 0 411030 —0.051 4 —0.9991 300 365 %.0
shad) ] 326 —0MTE 6 —0.9% M %S %5
Eson luaws Juvenile Minimum Mapie, On-  Scolt (1964)» Upper 250 17.3066 —0.453 5 —0.899 WS 1.5 7%
(Northern Pike) 5.0em tanio, Canada .5 M40y —0.M%0 5 —0.9%5 35.0 1.0 .75
0.0 1.091 —0.4319 5§ —0.99M 355 3.5 13.2%w
Esor masquinongy Juvensie Mimmym Deerlake  Scolt (1964)% Upper 250 W 0535 5 —0.9M2 M5 5 .5
(Muskeliunge) i0cm Halchery s 0007 -0.53 5 0.9 %0 1.0 nn
Ontang, 1.0 109506 —0.451 5 —0.872 385 315 ns
Canada ()
Esox hybrid Jurenile 5.0cm Maple, On-  Scott (1964) Upper 5.0 10.6513 —0.4926 4 —0.9941 M5 3.0 2.5
(luciusx masqui- minimum tario, Canada 2.5 20784 —0.560 5§ —0.99% 35.0 3.0 2.7
nongy) 0.0 196126 -0.5032 § —0.9851 3.5 1§ ns
(0]
Fundulus chryso-  Adult Jeferson  Strawn L Dunn  Upper 35 @ex)- 2.7 —0.5219 9 —0.9%8 B0 9.0 ns
tus (goiden top- County, (1967)» ] (57 w)— 212575 —0.4600 7 —0.9%3 4.5 40.0
minnow Teas I/ (00— 28635 —0.415 3 —0.9%5 4.5 4.0
Fundulus diapha- Adult Halifaz Co.  Garside and Upper 15 0° wp 2.5
nus (banded and Annago-  Jordan 15 (M) ns
Kilhfish) hs Co.. Nova  (1968)% 15 (320 ) n.s
Scotia
Fundulus grandis Adult . Jeflerson Stawn & Upper 35 (00.) 220009 —0.5179 8 —0.972 2.0 W5 .
(gult killifish) County, Dunn % (5' ) 2L6M] —0.620 7 —0.9%7 4.5 2.5 .
Tezas (1967» » (100 w) 20972 —0.555 9 —0.92% 0.0 9.0
k] (Me.) DS —0568 8 —0.9970 4.0 95
Fundulus heterg-  Adult . HalfaxCo.  Garside and Ut 15 @0 ) no
chitus (mummic- and Annago-  Jordan 15 (149 20) o
hog) lis Co., Nova  (1968)% 15 27/ ) s
Scolia

@ 1t13 assumed in thus table that the acchimation temperaturs resorted is a trus acchmation in the context of Bratt

7 Experimental fish were reated Irom eqys taken {rom aduits from this lecation.

+# Thesa Limes after holding at 8 Clor > | ma.
* Acchmated and tested at 10 © .o sahmly.

+ Tested in three salinitoes.

+ Tested at 3 ievels of salinaty.

(|m:-
* Number of median resstance hmes used for caiculabing regression equation
« Correlation coefhicient (perfect fit of all data ponts to the regrassion line=1.0).
4 = Incipient lethal temperature of Fry, et al, (1348)3
* Experimental fish wers hatched from eggs obtained Irom adults from thus location.
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312 Appendix II—Freshwater Aquatic Life and Wildlife

THERMAL TABLES—Continued

log bme = a+b (lemp.)

Acclimation
Species Stage/age Length Weight a1 Location Referance Extrame —_ —
Temp+ Time 2 b N® "
Fardulus par- Agutt lem Mizsd Misszion B3y, Doudoroft Upper " 20 -0 4 -0
+ sinms (Cab- Cabl. (sma-  (1M5)™ 2 SN -1 n -0.9236
tard hikfish) water) a 0507 05001 7 —0.9%0
“ried m seawalel Lower " 21908 1091 3 09449
«:7zpl s noted) b ] amm 0nes @ 0.9468
2 25 omn 4 o.a
2 (imtods, 2.652 04U 0.1
sea water | day before
lesting)
Preoulspul-  Adult Jofterson Strawn and Upper k] ©97) 21418 —0.6304 B —0.9741
+213u8 (Bayou County, Dunn EL] (5% 00) 29374 —0.6514 1 —-0.990
1figh) Teras (1967 kL] (107700) 25.0890 —0.5477 5 —0.995
-] (20°/.0) 30.4702 —0.6745 8§ —0.9849
Tooduius smibs  Adull . Jaflersan Strawn and Upper k- 00 22945 -05113 & —0.9092
~tnose willi- County, Dunn 1 (57 ) 256185 —0.56%0 6 —0.99M4
Bl Tenas (1967 B (109 ) W 4615 -0.5083 & —0.995
5 (0°w) 26.5612 -0.5018 6§ —0.9983
Cimbuva s Adult Mized Knotville.  Harl (1352)% Upper 5 0.0 -0.3M 2
. s (mosgmie- Tenn. 0 30157 -0 6§ 0.9
) k4 nNw —-0.5408 & -0
Simbupa alims  Adult Jeflerson Co.. Strawn & Upper 15 0° ) 22404 —-0.5108 5 —0.9600
=asquitofish) Tenas Dunn 15 (5%%0) 22138 —0.524 5 —0.9025
reshwater) (1967)%* B (10900) 22,4911 —-0.5304 8 —0.9852
35 (00 00) 221994 —0.501 & 0.9
Gambusia affinis  Adult Jeflerson Co.. Strawn and Upper 35 @2 ) 116144 03909 5 0.2
Tosquitolish) Texas Dunn kL (57" ¢) 10.9339 04182 5 —0.99%
“aitwater) 1967y kL] (0°5) 004 —0.51685 7 —0.932
kL] °/2) 22.0683 -0.5124 6 —0.999
Sombusa affims  Adult Mired Welaka, Hart (1852)% Upper 15 2.6 08507 3 -0.3M3
~zibrook Flonda 2 NNy 0% 31 000
Tosgwlofish) » na2 -omun 5 —-0.99%
35 2112 0654 5 —0.9%9
Lower 15
2
k]
Garmanma Adult . Northern Gulf Heath (1967)% Upper n 2179 —-0.5166 3 —0.9%05
chiquita (goby) of Calitornia
Coast
Gasterostous acu-  Adult Tmmave. 0.50gave. Mized Columbia Blahm and Upper L] 19491 -9.5%0 31 —0.9998
I=atus (three- River near  Parenty
sne stukle- Preszott, (1970)** un-
back) Oregon published
daa
Girella nigricans  Juvenile Lid.icm Mized LaJolla, Caii- Doudoreft Upper 17 2.2 —068 6 0.9
(opaleys) forna (3°N)  (142)% 2 19.2641 ~0.5080 7 —0.99%0
ki unn -0 4 —0.un
Lower 17 .45 ous 0.955C
ol -1 o648 & 0.9835
b —0.1238  0.2614 6 0.9120
lealwws Florida to On- Hart (1352)% Upper 5 14.6802 —0.4539 4 —0.9112
(Amicurus) neb- tano (4 lo- 10 16,4227 —0.4842 10 —0.9526
ulosus (brown cations) com- 15 wun 08238 31 0.9
bulihead) bened n 23.9506 —0.6473 M1 -0.9M2
Fe] 2490 0512 12 3.9
n 0.2200 —0.5811 19 —0.99
Hu 1"NW 0450 § 0312
Lower ]
b+
0
Ictalurus puncta-  Juvemla Mited Centerton,  Allen & Upper % My o 13 0979
tus (channel (445" da A Strawn » 2,136 -0 11 -0.5510
catfish) old) (hatchery) (1968) u X404 06149 20 -0.%N

 It15 assumed in this table that the acclimation temperature reported is a true acclimation in the contaxt of Brett

(1952).74

& Number of median resistanc Umaes used lor cakculating regression squation.

Data limits. Lethal
(&) LD50  thresholdd
” (4]
Upper lower
Mo 0 13
ne w0 e
“wo %o %5
15 04 1.2
.8 20 56
4w 20 16
LR B X ] i
7.0 3180 ns
a5 0.0
as as
45 wo
a0 as
as aa
as aa
an s
n e
a4 us n.e
ns 30.0u)
Q0 w0
25 0s
25 o
25 0.0
2.5 0.5
Q25 ws
Q5 ns
@5 ao
noo» us
ns ns ne
a 3 0
a4 us 3.0(w)
15
5.5
ns
7.9 %0
n % 5.0
ne 20 a
.0 o n4
no na 4
50 e 55
Ly 50 [ B-]
13.0 6.0 13.5
ns o0 s
ns us n.o
noe 25 o
3.0 125 ns
e WO ns
S %5 us
s %0 i
0.5
o«
6.1
0 %6 %6
0s 4 EIN
2.0 1o 3.0

< Correlation cost'icient (perfect fil of all data ponts to the regression line = 1.0).
4 = Incipient lethal temperature of Fry, et al., (1946).*3

+ Salinity.
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Appendix II-C 413

THERMAL TABLES—Continued

Acchmaton log tima = 3-+b (lemp) Data hmty Lethai
Ssects Stage ape Length Weight Sa Lacaven Reference Extrome 5] LDS)  threshoigd
Temp:  Time a 8 n r— ()
upper lower
Ictalurus puncta-  Juvenie . . JoaHogan  Allem b Upper 5 5554 oMM 5 0.9 1S5 8S . KBS
tus (channel (1.5 me) State Fish Strawn » 1.N2% —0.088 4 0904 W0 208 ... d.8
catfish) Hatehary, (1968 k] 2.0 0654 4 0905 1.0 N0 n
Lonoke,
Arkansas
Ictalurus puncta-  Aduit Mited Welaka, Fla.  Mart (155 Upper 15 UM 1067 3 -0.%M NS5 NS 04
tus (1. lacustng) and Putan- 2 39467 -1.124 4 -0.9%M MO0 30 ns
(channel catfish) Bay, Ohio i -] H.2155 1.9 5 0.5 30 M0 . NSs
- Lowee " 15 X
20 0.0
5 0.0
Lepoms macre-  Adult Mired Welaka, Hart (1352)% Upper 15 B0 -0 5 0.9 U0 NN n.s
chirus purpures- Flonda 0 200668 —0.7028 6 -0.99M M5 NS ne
cans (bluepl) 2] N -080 W -0.97% %0 N0 . no
0 25.712 06500 5 —0.9%5 N us . us
Lower 15 2.5
] 5.0
E 1.5
0 ne
Lepomis macro-  Adult Mized Lake Mendota. Hart (1952)% Upper -0 4T —1.0501 4 —0.8892 5.5 .0
chirus «blvegil) Wisconsin E 0.0 -0.757 4 —0.%00 M0 3.0
Leporms megaiohs Jurenile >12mm Mized Middle Fork, Nesll Stawn®  Upper 25 /45 —0WN ) -0 B9 354 %6
(longear sunfish) White River. Dunn 0 20.58 -0 n -D%WS NI %S 3.8
Arkansas (1968)% 3 30.745 —9.7251 43 0.9 0.5 303 . W
Lepomis sym- Adutt . JeMerson Co.. Strawn & Upper 5 @0 207407 0468 7 —0.9147 2.0 Ny
metricus (ban- Teus Dunn ] (5° ) 25649 —0.534 6 09915 Q.0 9.0
tam sunfish) (1967)% k] (00 0) WMN -2 5 —0.313 4.5 30§
Lucanaa parva Adult E—— e Jefterson Co.. Strawn and Upper kL] @0 wp 212616 —0.4T62 9 —0.904 0.5 S
(rainwater killi- Tenas Dunn kL] (507:) 243076 -—0.560 8 —0.984 425 9.0
fish) (1969 5 (109%) 243108 —0.567 8 —0.9904 2.5 9.0
k4 0°:) 201302 —0.4687 T 0.9 &5 15
Memtia memdia . L¥A2em  4.3-5.2gm  Mined New Jersey  Hof & West- Upper 1 190801 —-0.731 5 -0.9390 M40 X .oono
(common silver- (average {average (M°N) man (1966)% " 18.7499 —0.8001 6 —0.9%16 27.0 2.0 5.0
sige) for test for test n 65.7350 —2.0087 6 —0.%26 32.0 2.0 . .4
groups) grougs) n 376032 —1.052 5 -—0.M12 MO W ns
Lower 7 —~5.514 LW § ommM 2 1 1.5
" =LK 259 6 0B 5 1 20
n —1.401 L 6 0.9 7 2 43
Fi —0.2066 13506 § 0.5030 15 7 [B]
Micropterus sal-  5-11 me. age Welaka, Hart (1352)% Upper 20 8500 —10m2 5 —09Mr M N2 n
modes fion- Florida 5 19.9918 —0.5123 8 —0.%272 %5 1 R |
danus (large- 0 17.5645 —0.4200 8 —0.930 N us . nIw
mouth bass) Lower 0 5.2
] 1.0
k'] 10.5
Microplerus sai- Put-n-Bay,  Harl (135)% Upper 20 508091 —1.4M 2 u on ns
moides (large- Ohio Fe] 2%.3169 —0.6M6 3 —0.997 3.5 3§ WS
mouth bass) 0 2013 —0.N%0 4 0.9 WS U 36.40)
Lower 20 5.5
30 ne
Micropterus sal-  Under yearkng Knornile, Hart (1952)% Upper N 36.0620 —0.908% 4 0.9 N5 W B4
mordes | large- Tenn. ] 22,9185 -0.5632 6 -0.9%0 W .5 . BAw
mouth bass)
Micrpterus sal- Lake Men-  Hart (1352)~ Upper n 43649 0979 4 —0.9789 3.8 2.0 ns
moides (large- dola, Wis- k] B2 0.5 4 0.9 315 3.5
mouth bass) conun
Mysis relicta Adunt Mized Trout Lake,  Smuth (1570)% Upper 1.5¢ >1wk 6.1302 -0.10 3 0.545 % 16 16
Opposum Caok
shrimp) County,
Minnesola
* Itis assumed 10 this table that the scchmabon temperature reported 1s 3 true acchmabion in the contest of Brett < Correlation coefficient (perfect fit of ail data ponts 1o the regression hne=*.0).
11952).7 4 = Incipient lethal temperature of Fry, et al., (1346).%%
& Number of median resistance times used lor calculating regression equation. * Salimty.

w
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tependix 11— Frestecater Aquatic Life and Wildlife

THERMAL TABLES—Continued

eney Stage age Length Weight Sex Locaton Reference
sweriiasat  Adult >1 mm Mized Sacramento-  Hair (1971)%
Lot 008 San Joaquin
WMy deita, Cah-
forma
e . Adult Compouites  Hart (1952)
weeTas of 1. Welaka,
I Zea sner) Fla. 2. Put-
“in-Bay, Ohio
3. Migonquin
Park, On-
tario
voupaalnen-  Juvenile 0-1.9 g.mode Mized Chippewa Hart (1947)%
< zey emerald (< lyr) Creek. Wel-
e tand, Ontario
Toronto, On-  Hart (135)%
ommon shingr) tano
Ntreys cornutus Adult 40597  Mined Don River.  Hart (134T)
mmon (maostly 2 yr) (mode) Thornhill,
$hiner) Ontano

Netreois cornutus Adult Knoxville,  Hart (1852)"

t-mimon shuner) Tenn.

Cecorvynchus  Juvemsle fresh- 3,810,239 0.30=0.1% Mined Dungeness,  Brott (1952)™
ituscha (pink  waler fry cm Wash.
siiman) (3.0mo) (hatchery)

Oecorhynchus  Juvenile fresh- 5.44£0.09  1.624+1.00g Mired Nile Creek,  Brott (195D)™
ket ichum water Iry m B.C.
1aimen) (4.9 mo) (hatchery)

Ocornynchus  Juvenile Big Creek  Blahm and
kety (chum Hatchery, Parente
1imon) Hoodsport,  (1970)'*

WashA unpubhshed
data

* Itis assumed in thes table that the acchmation tamperature reported 15 a true acchmabon in the context of Brett
1957).00

" Number of median resistance fimes used for calculating regression equation.

* Correlation coefficient (perfect it of all data pownts to the regression line==1.0).

4~ Incipient etihal temperature of Fry, et al., (1946).-2

* All tempe: atures estmaled from a graph.

Acchmation
Erreme
Temp~ Time
Upper 0¥
ne
15.1
"3 15.1040)
19.0 .0
"o LM -0.71% 2 W-BY
ni .48
2.0 77.5(48)
24 16.0048)
Upper 0 Q2.7 —1.3597 3 0.9 NS NS ns
] 0.6 -0.093 4 0% 15 Na ns
2 310275 —08122 15 —0.9069 M5 N0 ne
] 2505 -0.9226 9 —0.9665 %0 M ns
k] 6.9 —0.6615 10 —0.%90 N5 3 .5
Lower 15 1.5
n (K]
<] 1.0
n na
Upper 1 0.9512 —-0.19%59 3 -0.9519 M5 2.5 ni
10 ¥B.8N <108 2 s . %.1
15 Qas 150 3 0% 05 NS ns
20 NaO4 0988 3 -0.905 N5 NS n.r
% %.70% —0.7331 & 09153 MO0 NS 0.7
Lower 15 1.6
2 5.2
- | &}
Upper 0 1 20 10 10
15 s.a03 -1.uw9 2 ns ne 0.5
20 5324 10116 4 09560 130 NS no
25(win 4,920 —0.6878 5 —0.9915 M.0 32.0 na
ter)
b %N -0 3 0997 BS5 0 no
0 1K1 076 6 —0.9%6 3.5 .0 3.0
Upger 5 a i %.7
10 .78 -1.352 3 -0.978 W00 29.0 n6
15 65.097 -1 3 —0.9%99 .0 30 0.1
2 .84 1016 4 —0.9580 1.0 NS nae
F- ] 4.9%20 -0.607 5 —0.9915 0 3.0 nae
Lower 0 wases 37
i ] 11
Upper 3 25.5152 —0.614 6 —0.993 5.5 N0 1.0
k] 24.9680 —0.6297 10 —0.970 M0 U5 1.5
Upper ] 11821 —0.415 4 —0.95T3 4.0 2.0 . .20
10 119021 —0.3865 8 —0.94 265 2.0 Lo R.5+0.3
15 12,8937 —0.40T4 8 —0.9884 210 2.5 . 121203
2 6.2 00014 7 —D%M 1.5 M0 . 3.9=08
u W —0.4458 6§ —0.9630 2.5 U5 n.9
Upper 5 14389 —0.5320 4 -0.9833 40 2.0 il |
10 WA —0.4766 9 —0.8665 6.5 2.5 .oons
15 158811 05252 8 —0.%070 2.0 2.0 . 81204
0 . 161484 —0.5168 9 —0.91% 0.5 A8 . a7
i 15305 —04T0 4 —0.9%%2 71.0 M0 . B0
Lower $
10 1 0.5
15 5 a7
2 7 6.5
n ] 13
Upper 9 i 16.9245 —-0.5985 6 —0.98271 B9 n 2.0
- 159272 05515 4 092 N9 ) .ol
€0 16.8763 —0.5881 4 —0.39%5 N9 i 06

/ For manmum of 48 hr exposure. The lower lemperature is uncorrected for heavy mortality of control ammals al
“acclimation’ lemperatures above about 21.6.

# The author concluded that there were no geographic differences. The Welaka, Florida subspecies was N.c. bosii,
the others N.c. auratus, based on morphology.

 Tested in Columbia River Water at Prescott, Oregon.

+ Mortality Value.
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THERMAL TABLES—Continued

Sage ape Lemghh Wesght Sex Loecation  Reference

Oncorhynchus  Juvenile fresh- 4.78:0.6 1.37:0.62y Maed Mile Creex.  Broft (1952)"
Kisulch (cohe  water Iry o | 18
saimen; (5.2 ma) (hatchery)

Oncorhynchus  Juvemle Kalama Fails. Blahm &
nisuich (coho Wash. McConnelt
wimon) (hatcheryy  (1920)~

unpubhshed
data

Oncorhynchus  Adult 250 mm 22500 gave. Mized Columba Coutant
usulch (coho ave. River at (1970)7%
saimon) Priest Rap-

ids Dam

Oncorhynchus  Juvemile fresh- 4.49+:-0.84  0.87-:0.45¢ Mized Issaquah. Brett (1852)7
nerka (sockeye  water iry cm Wash.
talmon) 4.7 mo) (hatchery)

Oncorhynchus  Juvenile 61 mm ave. Mized Natonal Fish McConnell &
nerka (sockeye  (under Hatchery: Blanm
salmon) yearlng) Leaven- {1970y

worth, unpubushed
Wash. data

Oncorhynchus  Juvemle 100-105 mm Mized National Fish McConnelt &
nerky (sockeye  (yearhing) are for tesl Hatchery Blahm
salmen) roups Leaven- (9=

worth, unpubhshed
Wash.: data

Oncorhynchus  Juvende fresh- 4.44-:0.40 1.03:0.27g Mired Dungeness.  Brett (1352)"
Ishawytscha waler try tm Wash,

(Chinook (3.6 mo) (hatchery)
salmon)

© 1115 assumed in this table that the acclimation temperature reported is a true acchmation in the context of Brett
(1982).7¢

" Number of median resistance times used for calculating regression equation.

< Correlation coeflicient (perfect fit of il data points to the regression line = 1.0).

4 = Incipient lethal lemperature of Fry, et al., (1346).~"

10 C—acclimated fish came directly from the hatchery.

* Data were presented allowing caiculation of 10", and 30 mortality.
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Acthmation log time ~ 2.+ b (temp.) Data ity Lethai
Erreme — — — e LDS0  threshoi
Temp: Time 2 L] N " _ (§ 4]
upper lower
Upper 5 nyne -omn 2 ne na .9:0)
L] 19.511 -0.6020 4 0.9 260 M5 aa H
15 WWEE -0.6058 & -0.%N 270 NS . W30
2 N0 06N 4 0.9 21.5 255 . B0
a W% 0603 5 0.9 215 5.0 5.0+07
Lower 5 0.2
w 1 L1
15 3 15
2 L] 45
n 11 X
Upper ] ey 154616 0552 6 0051 1 11 na
(50,) W% 06410 & 09705 B 1.0 ns
o) 159026 -0.5423 4 e 3 e na
1L ar) 05307 -0.2969 W -0.%81 we o
5 8.51% 0.4 W o.M 29 (AL 1.0
(£ ] 2.0
Upper m 5.9660 —0.160 S —0.9%7 0 % ?
Upper 5 1,180 —0.6623 4 —0.933 .0 225 . 12.2+01
10 17319 —0.4588 8 (.93 265 2.5 0.4+03
15 15.8799 —C.5210 7 —0.9126 21.5 24.5 L WAx0]
2 19.3821 -0.6378 § —0.%602 21.5 .5 BN B R )
el 200020 —0.64% 4 —C.9301 265 U5 L. 03
Lower 3 ] 0 g 0
10 4 0 s 11
15 ] 0 - 4
20 ] 0 . 41
Fi] 7 1.0 6.1
Upper 0 W0 1.4 06458 6 —0.9%7 29 " . ns
50 18.5833 —0.6437 6 09190 29 4 ns
L 0609 —0.N6 & 0.9 N W 2.0
n [ 1.527 -0.5861 6 -097M9 28 2 . ns
b 167328 -0.5413 6 —-0.982 B9 n ns
€, 15.782 —0.5061 6 0919 N8 2 . ns
Upper  101°C  (16;y BT —0.2118 4 0.5 2 W
per day nse
lo accl. temp.
s 9040 —0.32 4 -mwn W R X |
W) 9.0628 0.5 4 -0.%5M 1 "
1" ar) 13,2012 04415 4 0.9 20 n” ’
807 181322 06178 4 0959 28 n . BD.§
7) 1757 -05%0 4 -0 N ”
15.5°  Qe) 121783 —0.8004 5 -0.543 32 n
) 16666 -0.M32 5 0910 X2 n 2.5
(307 12.185 —0.4051 4 0918 12 m
- ar.) 14210 0614 5§ 03543 9 2 . = .
50r:) 17202 -0.5885 4 09490 9 n 4.3
o) 17.239 —0.5769 4 —0.934 29 2
Upper 5 9.3155 -0.217 & —0.9847 5.0 .5 s
10 16,4595 —0.5515 5 —0.99% 265 US . W30l
15 16.4454 —0.5564 4 —0.9%06 2.0 25.5 . B0x00
2 22985 —0.7611 7 0.9 21.5 25.0 25.1:0.1
u 18.9340 —0.5%2 9 —0.991 21.5 25.0 - R ES A
Lower 0 o0 (%]
15 : 3.0 05 . &3
2 50 05 3 45
a 5 s 0 1.2 . 14

214 C—acclimated fish were collected from the Columbia River 4-6 wks following releass from he halchery
(and may have included a few fish from other upstream sources). River waler was supersaturated with Nitrogen.
and 14-C fish showed signs of gas-bubble disease during tests.

A River temp. during fall migration.

+ Tested in Columbia River water at Prescott, Oregon.

7 Per cent mortalilies.
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123 Yavescens
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Adult (4 yr
mode)

Fesmpren
Tarnus sea
Imorey. hang-
Vined)

Prolarvae

It 5 assumed in this table that the

5

Number of median resistance imes used fof calculating regression equation.

33-124 mm

for various
test groups

Mmmave. 63gave Mired Little White  Blahm &
Saimon. McConnell
River 19y~
Halchery. unpublished
Cook, daa
Washington
40 mm. ave. Mized Eggs from Snyder &
Seattle, 8uhm
Wash. (1970) o
raised from  unpublished
yolk-sac data
stage
Columba
River waler
at Prescott.
Oregon
90.6mmave. 7.8 gave. Mized Little White  Blahm &
Salmon McConnell
Riverhatch-  (1970):>
ery. Cook. unpubhshed
Washinglon  data
2500 mm ave. 2000 g ave. Males Columbia Coutant
River at (1970)™
Grand Rapids
Dam
Gmmave. 1.2gave Mirzed Columbia Blahm and
River near  Parenle
Prescoft. 1970y
Ore. unpudlished
data
8.0-9.9¢ Mirxed Black Creek, Harl (1947)%
mode Lake Sim-
coe, Ontano
Great Lakes  McCauley
(1963)%
reported 15 a trus n of Bratt

Mired
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Location  Reference

Columbna Sayder &

River 3l Bhm

Prescott. (1970)

Oregon unpudlished
data

Corralation coefficient (serfect 61 of all data points o the regression hine=1.0).
“ Inzaient lethal temperature of Fry, et al., (1946).+
* F'sh tested shortly after capture by beach seins.

Dsia were aisa available fof calculation of 10" and 90° | mortality of June lest groups.

Upper

Lower

Acchmation
Temp~ Time
w

(L]
9 .)
10+
)
% .)
”
L} ]
m )
%0.)
18
')
%)
n 2-3-whs
W
L
e
20 1C day nse
from 10
1w
P
L
L} %
ar .y
90y
1 2-3 whs
W
5
o
2 1C day rise
from 10C
10
50
°';
1w
9
19 field plus
dda
5
n
15
%
5
15 and 20~

6.8y —0.5100
10.9770 - 0.6621
17.0218 —0.5045
15,7101 -0 5403
151583 - 0.5012
15.2525 —0.5130
182514 -0.6148
12.4050 —0.39M4
10 Wi -0.1
12.7368 —0.5040
13315 -0.440
1.5122 -0.3145
WS 0.4

12.26%
14,6268
1"am

-0.4691
- 0. 5066
- 0.6879

2.6664 0.9
.35 -0.129
09294 -0.701

13.5019
8.9126
10.6431

~0.48M4
—-0.31%8
-0.3Mm

18.6889
2.5
20,8580

—0.6569
—~0.na
-0.11

21.675
2.1
20.5182

~0.7428
—0.7526
—0.6880

-4
—0.254

15.3601 —0.4126

7.0085 —0.2214
17.6536 —0.6021
12,4149 —0.3641

21216 —0.5%09

17.5642 —0.4680

- -

- -

@ o ow

Data hmits
—
R
upper lgwer
-0.9990 9 5
-8 n 2
0.9%91 8 5
09255 9 X
-0.94 n
-0.9360 1 a
-0.9821 9 a
—0.9608 12 n
0.94% 12 1]
~0.913 2 1
~0.95% 0 2
~0.9413 20 20
~-0.9%620 W ]
-0.95M4 B n
-0.9843 29 n
-0.9295 29 n
~0.9141 29 n
-0%M™ 28 n
—0.9463 9 n
-0.3845 29 ]
~0.9618 29 [}
-0.9%91 29 !
—0.9%18 29 n
-9 n
-4 B 1
-0.95% 2 N
-0.9738 29 2
-85 8
00206 0 N
0992 % 2
n n
—0.9%04 265 220
%5 5.0
-0.994 0.5 0.5
—0.9%38 1.0 0.0
0% N 2

# Thesa were ikaly synergistic effects of hgh N2 supersaturation in these tests.
* Excluging apgarent long-term secondary mortakily.
+ Data were available for 10" . and 50° ;| mortahty as well as 507 ;.
2 Data also avastable on 10" and 50° | mortality.

© Data avarlable for 1077 and 90 - mortality as well 23 50°7.
i River temperatures during fall migrations two different years.

= No difference was shown 50 data are lumped.

57

M5
ns
ns
ns
2.5
ns
205
00
1ns

0.5
200
.5

n.e
n.s
na

a8
wr
u3

1.5

ns
0.2
LR}

U5
W5
FlR ]

n.1
2.0
.1
.1

11
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THERMAL TABLES—Continued

Acchmaton log time=2-+b (lemp) Data imts Lathai
Speces Stage ape Length Weight S Location Reference Extreme — 0 LD thresholds
Temp= Time 2 b N* " — (4 7]
upper lower

Pimaghales Adult (mostly mostly 0-2¢  Mired Etobicoke Cr., Hart (19477 Upper 5 W.6017 —0.0602 2 .0 %5 %.0
(Myborhynchus) 1 y1) Ontano 10 §5.0057 -5 2 a5 no nl
notatus (blunt- L] »UN 0.1y 3 —0.MM 2.0 N0 06
A03e Mnngw) 2 MU0 0% 4 0939 MO 15 na

-] 0117 14N 3 0.0 5.0 MO n3
Lower 15 10

2 a2

% ) 1.5

Pirephales Adult (1 yr) 2.0-2.9¢ Mized Don River,  Harl (194T)% Upper [} 80.7782 —-2.0000 2 00 05 n2
promelas (fal- mode Thornhill, 2 6.9910 —0.1560 4 0748 3.0 NS5 nr
head minnow) Ontario 0 4.3%% -7 § -0.%N0 W®0 MO n.2

Lower n 1.5
E 10.5
Poectia atipnna  Adult Jeflerson Co.. Strawn and Upper k] %) 70.429% —0.6219 & —0.9%02 425 305
(Sailfin molty) Temas Duan k] (5°/00) 25.6926 —0.57) 6 —0.9435 425 39.0
(1361)% kL] (10°/00) 28,8808 —0.8535 7 —0.9%49 42.0 39.0
k] (20°/50) 21.1388 —0.6W6 3 —0.9791 42.5 30.5
Pontoporesa afims Adult Mized Lake Superior Smith (1971)'%  Upper 6 9.17% —0.5017 2 17w 10.5
near Two urpublished 9 0.4
Harbars, (1] (30 da)
Minn.

Pseudopleuro- . B0-Llem  3.44.2g Mized New Jersey  Hoft & West- Upper 1 0296 1105 4 —0.952 U0 N0 na
necles ameri- (averages (averages (40°N) man (1966)» 1] . M.2020 —0.8762 6§ —0.9%7 2%.0 3.0 n.1
canus (winter for test for test ] o 49021 16915 5 —0.9237 29.0 2.0 0
MNounder) groups) roups) n 608070 —1.9610 4 —0.911 W0 2.0 a1

Lower 1 e e 1.0
" 20 10 1.0
il L8 ones ) .ms 6.0 1.0 "
b ] 2048 02 3 0% 7.0 40 6.0

Rhinichthys Adunt Knoxnlle, Hart (1352) Upper 2 2.5 —0.59%8 7 099§ 1 0 23
atratulug Tenn. FH . 19.6451 —0.524 W0 09919 35 0.5 b X
(blacknosa dace) n 21,3360 —0.5651 T —0.9%46 355 325 8.3
Rhinichthys Adult(?) Toronto. Hart (1952)* Upper 5 n . 20w
atratulus (black- Ontana 15 19.0058 -0.5TM 4 -0.%32 N5 2.0 83
nose dace) 2 W5 —0.7081 7 —0.99% 13 0.0 n3

b+ 20,1840 —0.5389 & —0.9%8 35 20 23

Adult 2.0-3.% Mized Don River.  Hart (194" Upper 5 T -1 2 ns 0.0 6.5

atratulus (Black- (mode) Thornhil, 1 49.1469 —1.8021 3 —0.8821 30.5 9.5 ns
nose dace) Ontano 1 19.6975 —0.574 4 —0.9571 3.5 0.0 8.6
2 26.5952 —0.1M9 8 —0.9897 N5 1S5 0.3

% D.5765 —0.6629 9 —0.997 3.0 .0 nal

Lower 0 2

% 5.0

Saimo gurdnern  Juvenile 4.5:0.4cm Mired Britain Alabaster & Uppwr w . 14654 —0.5801 5 —0.9787 N6 263 . N5
(Rainbow trout) Weicomme 18 13.6501 -84 5 —0.972 Bl %] %.5

(1962)7
Salmo gairdnerii  Yearling Eastendol  Craigie. D.E. Raised in soft water
(rainbow trout) Lake (196377 Upper 20 (tested in soft
Superior water) 605 —oum 1 -9 0
20 (tested in hard
water) 15.0092 —0.4561 3 0T B8 ]
Raised in hard water
20 (tested in soft
water) 15473 —0.4683 3 —0.911 9
20 (tested in hard
water) 122018 03837 3 —-0.541 29

Salmo gairdnerii  Juvemle 9.44+6.0cm Mired Loadon. Alabaster & Upper 15 15.6500 —0.500

(rainbow trout) and 15.5+ England Downing 20 . 1EN -0 2
14em (Hakchery) (19664
+ Itis assumed in this table that the eported is 3 true in the context of Brett « Salinity.

1952).34

* Number of median resistance times used for calculating regression equation.

7 Dissolved oxygen Cont. 7.4 mg L

# Dissoived oxygen Conc. 3.8 mg L

« Correlation costficient (perfect fit of all data points Lo the regression line=1.0).
4 = Inciprent lethal temperature of Fry, et al., (1346).%

A See note (under Salmo salar) about Alabaster 1967.%
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THERMAL TABLES—Continued

Acchmavon log time =340 (lemp.) Data imity Lathal
o Stge Longtn Weight Sax Locabion Relersace Exvreme (47 LDS  Uwesholdd
Tompe Time ] ] LY " — e
e lower
3 Loimo gurdneni  Adult N mm 000w Mind Combia  Coulant [T . 0T —0Nn 7 -0wum N R
17adromeus) . River at (1970)
S'reinead Priest
ol Rapeds Dam
52 mo alar Smolts (1-2  Abewl 16 cmm Mized River Aze.  Alabasier Upper 9.2 (feld) Q.68 16881 VvV . .M om
Alanbc aimen) yT3) (LY Devon, (19670 .37 am - 2
England 10.9" 126.5000 —5.000
Tosted in 3. senwater
.2 (feid) 4666 16881 2
Tested in 10077, 50~
wala
9.2 (feie) Wne -5 2
Acchimated 7 b in se2-
waler; tested in saa-
waler
9.2 (field) 5.9 -1 2
Zame i Newly hatched Mirsd Collercoats  Bishai (1960)7 Upper & (brought up to 1.2 e & —0.%10 10 N0 nae
<lunbe wimen) @rvae North last tomg. 10
Sheeids. ¥ hours)
Enguand
(hatchery)
Saian walar 30 da after ox Mized Cullercaals.  Bishai (19%60)" Upper ] .o b -0 4 09 B0 2 ... ... n2
uantc saimon) hatching North L] . 15720 —0.53% 3 -0.%M X0 2 nl
Shueids . 2 v LM —0.306 3 —0.M4Q B n.s
Englang
(hatchery)
S.1mo walar Parr (1 y1) 10 cm ave. F—— ] River Aze.  Alabaster Upper 9.1 (Reld) BI50 —1.2%0 ¥ ... T R T O ST
Atante salmon) Devon, (19670 10.9 (fleld) 28.0000 —1.0000 2 . LAIRERR] Bpwiiied
England
Saimo salar Smolts (-2 1L.7+).5cm .. .. Mized River North  Alabaster Upper 117 ceeeenee. 259081 —0.9081
Aliate salmen) yr3) Esk, Scothand  (1967)%*
Siimo walar Smolts (1-2  W.6x£l.lcm Mized River Severn  Alsbaster Upper 1.7 . e 58w
Atlanbe salmon) yrs) Gloucester, (1967
England
Liimo trutta Newly hatched . FHesist MELES . Mized Cullercoats.  Bishai (1960)™ Upper § (raised 1o test
Srowntrout) Iy North temp. over § b
Shisids. period) 1% -4 ¢ 0917 mo N0 e 20
England
(hatchery)
Saimo trutta Wdaafter ... Mired Culiercoats,  Bishai (1960)"  Upper 5 L. 1574 —0529 & —0.4B3 280 1O ... . N2
(Brown trout, hatching North 1] Lo DSM -0 3 0902 X0 20 . ... A
saarun) Shialds. n . W —0.4e8s 3 099 MO 2O ... .. n.s
England
(hatchery)
Saimo trutts Jurenile 0.1:0.0em ... Mized London, Alsbaster L Upper 6 R AL BRSNS
(brown trowt, 14245 England Downing 15 .o NS —-0ma 2
saarun) e (hatchery)  (1966) n ) TR =00 2 siiacin -0 coniodis wesveivee anisvase
Saimo trutta Smolts (2y1.) About 21 em . . Mined River Are,  Alsbaster Uppe 9.1 (feld) 104667 —0.5667 ¥
(browa troul, . Devon. (196Tpe 10.9” B0 —-1.250 2
Warun) Englang
Salvehinus font-  Juvenile oS Wi ‘ . Plannt McCauiey Upper i v, NS0 06033 F —0.:2% %5 WS
nalis (Brook Mount (1550 n .. N1 —0.66N 7 —0.910 2.0 5.0
trout) Hatehery,
Wayne Co.
Penna. and
Chatsworth
Hatchery,
Ontaner
@ Itis assumed in tus table thal the acchimation temperature reported is @ true scclimation in the contaxt of Bratt « River temp. during (il migration
(15521 7 Alabastar Aitted by sye. 3 straight ling to medkan death imes plotled on samilog paper (log ima), Lhes reperted
* Mumber of medun bmes esed for quabon only the 100 and 1000 mea intercepts. Thess intercepts arw Uhe Baws fof the squaton presented bere.
< Corralabon cosfficent (perfect Bt of il éats poats Lo the regresmon ine=1.0). # Sou note lor Alabaster 15: 1%
“ = Incipient lethal tamperaturs of Fry, of al, (1346).0 * Resuits G ot &ifer 53 data wore combined.

59
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THERMAL TABLES—Continued

Acclimation log time=2--b (lemp.) Data himits Lethal
Species Stage ‘age Length Waight Sax Location Refeorence Ertreme ) LD  thresholdd
Tempe Time ] ] Nt " —— )
upper lower

Salvehinus fonti-  Yearhing E-1my Mined Codrington.  Fry. Hant & Upper 3 13,0325 -0.45% 3 -—0.9997 %0 23§ as
mahs (brook range 2- Ont. (hatch- Walker n WESE —0.418 6 nmo 50 us
trout) 6 ery (1945)2 15 151846 -0, 4831 9 ns 55§ 5.0

20 15,0331 —0.4661 7 290 55 2.3
2 17.1%7 —0.5361 6 no 6.5 5.5
u 17.046] —0.5%1 10 0.0 255 %5
r-] 17.067 —-0.5%1 13 no %0 ns

Salvelinus fonb-  Juvemile Ontano, Fry and Gib- Upper 1} BAU -0 6 0952 265 M0 B0
naks { RaMaycush Camada son (1953)" 15 16.95% -0.550 8§ —0.9652 280 245 ?
hybnd) 0 94049 -0832 9 097 MO0 45 W0-345

Salvelinug 1=2yr. old N.Tgmave. Mired Hatcheries in  Gibson and Upper , 8 1wk W20 0512 4 —-0.996 26 3 n
namaycush 1y 82.8 Ontano Fry (1954)* 15 - 145123 —-0.4866 5 —0.939 27 U 0.5
(Lake trout) tmave. 20 e 17.3684 —0.5018 5 —0.9351 27 u a5

@m

Scardimus Adult Wem Mired Britain (field) Alabaster L Upper 20 %9999 —0.76%2 2>
erythrophthala- Dowmng.
mus (redd) (1966)*

Semoblus atro-  Adult 2.0-3.9¢gm  Mired Don River,  Hart (1947)%7 Upper 5 Q.05 1601 3 —0.9408 26.0 25.0 w1
~aculatus mode Thornhill, 10 31,0755 —1.0414 3 —0.8628 29.0 28.0 7.1
\Creex chub) Ontario 15 208055 -06226 3 —0.9%9 3.0 0.0 831

0 . 20214 -0.583 7 —0.9%M4 11§ 0.5 0.3
-] . 160951 —0.493 3 —0.9911 35.0 3.0 %3
Lower 0 0.7
-] 4“5

Semotilus atro-  Adult . Toronto, Hart (1852 Upper 10 (Toronto only) 2 n s
maculatus Ontano 15 (Toronto only) 208055 —0.6226 3 —0.%%63 31 0 b ]
(Creek chub) Knoxville, 20 (Toronto ouly) 19.115 —-0.5328 6 —0.985% 13 0.5 0.5

Tenn. b . 19.3186 —0.4T17 18 —0.5971 36 12 s
k] 22,8902 —0.584 19 —0.9%1 X7 n .5

Sphaeroides anng- Adult Northern Gulf Heath (1367)* Upper 1249 254649 —0.6088 3 -0.9M6 1.0 3.0

latus ( Pufter) of Cakil.
Coast

Sphaeroides macy- . 13.8-15.9em 62.3-719.3gm Mired New Jersey  Hoft and West- Upper 10 11,3999 —0.2821 3 —0.9988 0.0 25.0 1.5
latus (Northern (average) (average) (WO N) man (1566)% " . 35.5191 —1.0751 3 —0.949 320 2.0 0.2
pufter) K . 21,5381 ~0.5146 3 —0.%914 32.0 30.0 1.2

n . N -0.6183 3 —0.9239 15 L1 35
Lower " .o=LT04 0.1 4 0.9760 10.0 6.0 (A ]
n . =199 070 6 0.9310 120 8.0 10.7
n —1.4513 O.M% 5 .2738 16.0 10,0 13.0

Thaleichthys Sexually i mmave. 3Jgmave.  Mired Cowhiz River, Bahm & Upper 5 rivertemp. 7.7400 -0.270 7 -0.912 2.0 80 10.5
paaficus Mature Wash. McConnell
(Eulachon or (1970)100
Columbia River unpublished
Smelt) data

Tilapta mossam- 4 months 8.0-12.0em  10.0-17.0¢gm Transvaal Alianson & Upper n 313.3830 -0.UT8 4 -—0.0838 37.10 365 6.9
bica (Mozam- Alnes Noble % 14.0450 —0.2800 5 -—0.210 37.92 3.5 na
bique mouth- (1964)7 a 4960 —0.99%0 4 -0.3107 .08 319 e
breeder) n R 245 5 0.7 w0 .0 na

n 0331 10018 6 —0.9TM BN 316 .8
n . .06 —0.8123 4 —0.9209 M4 6 e
n 122,154 -3.123 3 —0.9338 384 382 .25
% 60.6764 —1.7094 & —0.905 3.7 3.9 w2

Tinca tinca Jurenile 46=0.4cm Mired England Alabaster & Upger 15 33.2000 1.0000 2

(tench) Dowmng*® 2 0.6867 0811 3
(1966) 5 . onag 2

* It1s assumed in this table that the acchmation lemperature reported is 3 true acchimabion in the context of Breft

(1952).7%
* Number of median

times used for

equation.

60

- Correlation coefficaent ( perfect fit of il data pounts 1o the regression hne=1.0).

4 = Incipient lethal temperature of Fry, etal, (1346).5*
* Sea previous nole for Alabaster 1967.
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FISH TEMPERATURE DATA

Species: Coho salmon, Oncorhynchus kisutch

acclimation .
l. Lethal threshold: temperature larvae  juvenile adult | reference'
5 23 1
Upper 10 — 0y a3 | 33—
15 ‘ 24 1
20 25 1
23 25 1
*Accl. temp. finknown
Lower 5 0.2 !
10 2 ]
15 3 ]
20 5 1
23 6 1
Il. Growth: larvae juvenile adult
Optimum and 15% 2
[range] S =17)**
*unlimited food
**depending upon season
I1l. Reproduction: optimum range month(s)
Migration e _1-16 5
Spawning - _7-13 Fall 3
Incubation
and hatch  _8(2) 217 2,7
acclimation . _
IV. Preferred: temperature larvae juvenile  adult
Winter 13 4

' References on following page.
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Coho salmon
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FISH TEMPERATURE DATA

Sp&CiESZ Lake trout, Salvelinus namaycush

acclimation

l. Lethal threshold: temperature larvae  juvenile  adult | reference'
Upper
Lower
Il. Growth: larvae juvenile adult
Optimum and
frange] - — —
I1l. Reproduction: optimum range month(s)
Migration R
Spawning 3-14(3) Aug-Dec(2)] 2,3
Incubation
and hatch  _8(1) 0.3-10(3) Tl
acclimation ) '
IV. Preferred: temperature larvae juvenile  adult
12% 4
B-15%* 5
*yearling

**age unknown

' References on following page.
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Lake trout
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FISH TEMPERATURE DATA

Species: Lake whitefish, Coregonus clupeaformis

acclimation
l. Lethal threshold: temperature larvae  juvenile  adult | reference'
Upper
Lower
Il. Growth: larvae juvenile adult
Optimum and
[range] - -
I11. Reproduction: optimum range month(s)
Migration -
Spuwning 0.5-10 Sept-Dec 2
Incubation
and hatch 3-8 - 1
acclimation ) _
IV. Preferred: temperature larvae juvenile  adult
13* 3
*2 year old

' References on following page.
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Lake whitefish
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FISH TEMPERATURE DATA

Species:  Northern pike, Esox lucius

acclimation . ;
l. Lethal threshold: temperature larvae juvenile  adult reference’
Upper 18 25,28* 2
25 32 ] _
27 33 1
30 33** 1
*At hatch and free swimming, respe¢tively
Lower **Ultimate incipient level
18 3* b S
*At hatch and free swimming
Il. Growth: larvae juvenile adult
Optimum and 21 26 -
[range] (18-26) IO, . S—
[1l. Reproduction: optimum range month(s)
Migration P
Spawning 4(4)-18(3) Feb-June(5)| 3.4.5
Incubation
and hatch _12 i 2
acclimation . _
IV. Preferred: temperature larvae  juvenile adult
24,26* 6

*Grass pickerel and musky,

respectively
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Northern Pike
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FISH TEMPERATURE DATA

Species:  Rainbow trout, Salmo gairdnerti

acclimation

l. Lethal threshold: temperature larvae  juvenile  adult | reference'
Upper 18 27 1
19 : 21 2
Lower
Il. Growth: larvae juvenile adult
Optimum and 17-19 5
[range] [3(8)-20(11)] |81
I11. Reproduction: optimum range month(s)
Migration —— e— =
Spawning 9(10 5-13(6) Nov-Feb(7 6,7,10
Incubation Pttt r
and hatch  5-7(8) 5-13(4) 4,9
acclimation _ _
IV. Preferred: temperature larvae juvenile  adult
Not given 14 3
13-20 13-19 i
18424 18422, resp. i
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Rainbow trout
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FISH TEMPERATURE DATA

Species:  Sockeye salmon, Oncorhynchus nerka

acclirhation
l. Lethal threshold: temperature larvae  juvenile  adult | reference'
Upper 5 22 ]
10 23 ]
15 ' 24 1
20 25 ]
Lower 3 0 J
10 3 ] _
15 4 1 _
20 5 N —
23 7 1
Il. Growth: larvae juvenile adult
Optimum and 15(5) 15(2)* L 2,5
[range] - (10-15) - 4
- ai-17) — 7
*Max. with excess food
[1l. Reproduction: optimum range month(s)
Migration - I-1% 0
Spawning R _7-13 Fall 6
Incubation
and hatch -
acclimation ) _
IV. Preferred: temperature larvae juvenile  qadult
Summer 15 3
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Sockeye salmon
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