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fashion (Brett, 1944: Fryv er al., 1946; Hart, 1947, 1949), ali conforming “ilh'
slight variations to the original pattern for the goldfish. An increasing acclimag
temperature has alwavs resulted in an increasing lethal temperature in somel
fractional proportion. The construction of a diagonal line at an angle of 45° :
the axes (Figure 20) has provided a ready means of determining the ultimagg
upper lethal temperature, since this line represents the locus of all points
which lethal temperature equals acclimation temperature. Characteristically,
upper incipient lethal temperatures, no species has been found to exploit 4
full pessibility suggested by extrapolation of this Iinear relation (between uppe
lethal temperature and acclimation temperature), alwavs dropping short as g
result of uniform intolerance at the highest acclimations, providing a “plateay*
in a graphical presentation. Although the resistmce time 1o a high temperature
mayv be lengthened through higher acclimation, it was pointed out that this rec
sistance is finite and the lethal temperature remains unaltered for the relatiogy
designated by the “plateau”. These relations are illustrated in Figures 20 to 24
for the Pacific salmon. Some new aspects. diftering from the normal trapezium
are apparent. The lethal-temperature points are not always hest represented by g
straight hine, particularhy in the lower lethal bracket. A high degree of sensitivigy$

to low temperatures among the Paciic salmon almost confines these species tol
acclimation temperatures above 0°C. Some deaih at this level was observedd
among 5°C. acclimated samples (Table X111, In a preliminary acclimation
culture of spring salmon at 3°C., high mortality occurred in the presence of =
healthy sockeve, chum ;|11(| coho salmon ol Ih(' Sane IL'[]I]K‘I’JIIUN‘ hi‘r((lf\', Ihis
intolerance of the springs might account for the rapid falling away of the upper
lethal temperature for low acclimations. which is not apparent for the coho |
salmon. so similar in other respects

I'he spring and coho salmon had the greatest tolerance and were practically ¥
idenvical inarea (029 and 328 decrees C squared sespectively ). The sockeve were @

intermediate (300 degrees C.squared ) and the chiom sadmon least (468 degrees C8
squared ). The line relating upper letha! tenperature 1o acchimation temperature 3

for the pink salmon was very sinmlar to th o cham salmon. The apparent$

imtolerance of the pinks to Jow temperatires would restrict their zone of tolerance$g
even more than in the case of the chumes, placing them Jowest in order ol eury-2
thermal relations. With the possible excora o the pink salmon, and nn!wnh-‘,
wtaiding the variable nawre of the hnes rolan lower lethal temperature todg
acchimation temperature, most of the ditterein areas 1= a result of differenced
1 upsper lethal temperature
DISCUSSION AN SIS r

Tive axp TEMPERATURY
I Mvasion ol TCSPONSE 1O exITenes o t . ¢ otte zones of tolerance und-

resistance, previously set torth for other tishes bos been appropriate for similarig

distinetions amonge the Pacifie salmon, Alihoash the pattern of resizstance to lowsl
temperatures was quite different from thar jor hich temperatures, the same’Sg
factors of tolerance and resistance were equally anphoabl
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Heilbrunn (1943) has compiled a considerable number of records concerning
the temperature at which thermal death occurs i a wide varieny of orgamsms.
These have been taken largely from reviews by Kanitz (19150, Uvarov (1931,
and Belehradek (10357, In criticism of these data Heilbrunn (p. 4200 comments
“there are very few useful records of heat (or cold) death temperatures. This i
due to the fact that many authors have neglected the time factor”™. Death trom
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ACCLINATION TEWMFPER BT RE
FiovRe 20, Thermal tolerance for saung spring =o' ter T
preferred temperatures are represented by aooenmad RO [T
with limits for one standard des taton dovred abwne and e 1o dhedne
Centigrade in which the mode oceurred s represented b oo S0l R TE
Where an experiment was performed but resalved anJes ob0 50 e o

mortality a '\ 7 has been inserted

extremies of temiperature 1 not just dependent on a threshold Jevel Below o chove
which an orcamsm emther lives or dies, bur may be considered o oresultans of feah
temperature and exposure time. At each lethal Tevel of remperature there s o
characteristic rate of dving (rate of mortibcation, Frooesa o Brd6 whino b man e

influenced withim Bmits by acclimation. A thre<hiold level s approas beedl however,

when the rate of dyving approaches zeroo as in the case coloalaned tor halt the
sample at the mcipient fethal remperature Consideration o ihe tine bwvond
which no more moriality may be exprected fron temperatume s o primiany canse
has been extended in the present study tor jow lethal tenperatures. Tempera-
tures (high or low) which would not cause mortility, recardless of acclimation,
can be determined from the zone of 1olerance. Vers similar mits conalso be set
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FIGUkF 21, Thermal tolerance for voung pink salmon. No lower lethal
experiments were performed.  Preferred temperatures plotted as in
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by examining the resistance times for various acclimation temperatures as g3
Figure 25 for sockeve salmon. The points bevond which no more deaths are likely ]
to eccur have been indicated by a dotted line. Thus, temperatures between |
8% and 21°C. are unlikely 10 cause death among sockeve no matter what the §
acclimation, nor what the exposure time. The higher or lower the temperature ig
above or below these limits, the longer the test time necessary 1o determine the
lethal temperature. A somewhat different series of lethal temperatures would
have been quoted if no experiments had been continued bevond 24 hours (1,440 §
min. i for both upper and lower lethal levels. e

Future experiments on temperature-tolerance will continue to add to nu,-
knowledge of the factors affecting temperature relations in fish. In the investiga.
tion of Pacitic salmon, emphasis has been placed on uniform treatment of al) 4
samples such that. although the methods and larer analvses mav change, the
difierences set forth should remain unaltered. One hmitation should be pointed
out. The results apply 1o the stocks of salmon from which the eges were collected

(Table 11 and may theretore be traced back 1o comparatively few females. The#

ot A R

¢ COMPARISON WITH =oME OTHER SALMONOIDS
The resistance times for six species of salmonoids determined for samples 54
acchmated 1o 2090 have beer plotted in Figure 26 (from Fry, 1947h; present &
; paper . Data tor only two of the species of Oncorhynchus are meluded. These two, 3
é the spring salmon (00 £y vischa ! and the chum salmon (0 keta' were res.
E | tvely the most and least resistant 10 the same test temperatures, the re-
& nuining three speces occur at intermediate posinons (Figare 1800 Tt will be
-, el that the twao species of Sulmo OCCUy posiiions distinet both {rom cach
and trom the renwonmyg species, Sefme swlar, the Atl salmon. 1s the 4§
o=t resistant of the sahnonoud group. The miembers of the Pacitic salmon species
' " N (RN hic]  seTies HE:ln“i;.;lt‘ Frest v eoen Suln and Cristivonie = \\.H”l‘
Sedvelmus Tontinalis approaches the resistance o Sa hivhest test
temperatures (2500 and 25.5% but drops= below Cinperitures,
alling within the range tor Oncorbynehios. Except tor wCSulvelinus
: TEI er DATISONS GATE W ol rimental data <8
Ohg ¢ \ ki e fretween the 48
spcekledd 1re ‘ w | CNISTa, =Ufcien! o syLeest i ‘,.‘.cii‘.:’i\’l‘r
T ' Hi \ Phe 1 t v found 1o be
eets 1o o 1ot 8 ( B I \ report 1 e Jower
lethal temperature was onl Jjust above 07 when the acclimaation femperature
wias 2457 I'his resulis i a w-v"-;;.;‘."‘\:'j Large zone of tolerance (625 units)
v IR 4] ‘ i, - whieh r. . ( bas 1o 029 umrs
Senti Foogan ]
Lin | t T exIremes o t it re Mong 0 L I I
- deternime ~ difterences exist. Whether these o
v suffivient te OF sone h=tinctive habis
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-
. Young sockeve are usuallyv iake-dwellers, frequenting the open water ;md
‘ subsurface regions, probably in the cooler temperatures m the vicinity of the
B thermochne {Ricker, 1937). During the summer theyv are rarely seen or caughg
4 in the shallow, hittoral zones of the lake (Brett and McConnell, 1450) where
voung coho, shown to have a higher temperature-resistance. may be found on
occasion in abundance. The sockeve migrate in the spring of the vear shortly
after the ice has left more northern lakes, or following rising spring temperatureg
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1. These two species were the most tolerant to high temperatures. The problem
! of their relative abilities to remain active at high and low temperatures must

gemain unanswered for the present. Observations, both field and laboratory,
jpdicate a greater abilitn 1o {eed and sport (jumping, darung, etc.) in warm
ers among the spring and coho than among the remaining three species.

On the basis of morphological studies, rates of growth and life history con-
siderations, Milne (148) concluded that the pink and chum salmon appeared 10
‘be the most specialized. and the spring and coho probably the most prinntive.
-~ This grouping of the species within the genus is in accord with distinctions
~ made on the hasis of temperature-tolerance.

wal

SUMMARY
Five species of Pacific salmon are found in North American waters, the
[ spring (Oncorhynchus tschawyischa), the pink (0. gorbuscha ), the sockeve (0.

perka), the chum (0. keta; and the coho (O, kisutch). Young of these species,
averaging 4 1o 5 emuin length and 1 gm. in weight, were used in a series of ex-
periiments concerning tolerance 1o high and 1o low temperatures.

Two months atter hatching. each stock of fish was divided into five groups
for acclimation to 5°, 10°, 15°, 20° and 23°C. (24°C. in spring and pink): acclima-
tion and lethal-temperature experiments continued throughout the following
four months. Resistance tines were determined at intervals of 0.5°C. for hgh

o

T

L qemperatures and 1LO°C. for low temperatures (0.0°C and abover, Upper lethal
o3 .

“ temperatures were caleulated for exposures of 10000 nunutes (one week  and
| lower lethals for exposures of 5.000 winutes capprosimatey four dav -

<ing the miethods

RESISTANCE TO HIGH TEMPT RATURES. A statistical analvsis u
55 10 27.45°%C, and

' PR 0

of analvsis of variance for te=t temperatures ranging trom 24

:4.?]4.!\

acchmations of 10° 1o 20°C . tor o1l species, el tothe WL Concusions

(1 .\Hhi'.:ll]h-.llll difference m TUspoIse 1O fethal levels of temperature

exists between spring and cobio sl

(27 Spring and coho salmon <how

from that ot either sockeve, punk or ch

(3 Pink and chum salimon show i harely sieniteant difterense from cach

other, bhut not from sockeve i either case (71 = .05

{41 Thereas a very highly sicniticant (F <0 00 haear it ot the o !
relation tor these data Jogaritims o1 the mcdieg time 1o death anorelation to tii
tempreratire i.u;.-i!.‘_L' that deatld

5 .l'iu‘ ~|r-]-|'- [ llu' lltll'- Teletinie oy res=i=ilne Time 1o i T et L {1
the tive species are not sigiatieantly dittesens

(e The same relavion can b apphed o eacli specres with equat comtidenc

dittering oniv e the temperature level at wineh this e lation exisis
I'iie ultimate upper ]t'li..!i TeMiperaiures dar e s

25.1°C ., cohe—23.0°C,, sockeyve—240.4°C., pink —23.07C . chun- - 2857

CRITERION OF DEATH AT 1OW TEMPERATURES 11 vwas discovered that witd

the approach of death from a low 1e

perceptibly, This cretenon was shown 1o be sictiioant v hencomai

B, putai a0 + AR
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from recovery tests at warmer temperatures. Thus, the individual vimes 1o dearhy
at given low temperatures could be recorded and median resistance times |
determined for each sample. !
KESISTANCE TO LOW TEMPERATURE~. The relation between resistance time |
to low temperature and the level of that temperature has not been resolved ingg
a simple equation as has been the case for heat-tolerance relations. A varigble
but usually sigmoid 1o double sigmoid pattern characterized the curves when |
plotted on normal axes. An inital period of rapidlv increasing resistance 1o low |
temperature was followed by relativeiv little change in resistance for two .'mdi
three degrees ncrease i temperature (15° to 23°C, acclimation). No mortality
usually occurred within a degree or so above this latter zone for o um:-i«lvruln].\-',
mereased exposure time up to 5,500 minutes |
The voung salmon were very sensitive to low temperatures, Among the fogr
species tested, the coho and sockeve salmon could not tolerate long exposure Hoyr
davs) 1o 0°C. even when taken from holding temperatures as low as 5°C .
The lower lethal temperatures for the highest acchmanion, 23°C., were:
spring—7.4°C.. coho—6.4°C ., sockeve  6.7°C . chum —7.82°C . '
MINED LETHAL EFFECT OF LOW TEMPLRATUKES. From acchmation tempera-
tures of 20°C. and above, mixed responses were noted in the lethal baths. A

rapid death of all fish occurred at the lowest tenmiperatures. Temperatures shightly
above this level caused rapid death in part of the sample tollowed by oo long
delay and then death of the remainder. Temperatures somewhat hicher, ver il
low enough 1o cause death, did so only after prolonged exposure. Be plotting the
data on probability: X logarithmic paper 11 was possible 1o diseriminate clearh
between the two trends of death. Exposure 1o the same low temperatures in
Jethal baths comtaining 995, sea water instead of fresh water (slichtly hyper-
toract resulted i partially increased wlerance anvmg sockeve salmon

It therefore appears that three causes tor death oy be mvolved: one, a
very rapid agent usually effective within GO nonures of exposure, a second not so
rapidd in action, and & third which is related 1o osmotic balanee

SIZF FFFECT. No significant difference i the size of the first ol last nsh
1o die from high temperatures was present. For death trom low temperatires,
however. the size distribution of the dead fish trom samples i wineh 30010 50 per
cent of the fish died showed a sicnificanthy Tower meas fencth than i the balance
of hving fich. The earlier death ameong snadier =b o appwared o b parths the

result of groater susceptibility 1o Urapid”™ coldedeatd

ZONES OF THERMAL TOLEKANCE. The zones b thermal toleranoe were cons
structed graplocally and the areas calouboned o pers o degress Centigrade
Mgu-ﬂ"'l I'he high (’l'grﬂ- O sensimviry te o cripwetatires, almos contiming
Hiese speecies o ac limanion teniperalines alwnve Pescdits o connparatively
iow thermal tolerance ratimg. The spome ane ol were aimost g nncal with
S20 and 528 units respectively . the sockeve wos pexy with S0 gt toliowed Iy
the chum with 468 units. Lacking low ferhal temperatore oo, the th salmon
cannot be meluded, but one prelmmary experanent sacvested o lower resistance

than m the chum salmen, and consesent e pvie ol Tekeratne Bven
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APPENDIX 1. STATISTICAL PROCEDURE

The methods of measuring the various indices, resistance time, lethal tem-
wature, etc., have been outimed. The variabilitv which was observed within
the sampies and its application to the variabilitv which might be expected for
" the species, together with an analvsis of the significance of the specific differences,
' ,nu-:t be considered on statistical grounds. For convenence these mav be dealt
th under separate headings,

T GOURCES OF VARIABILITY

The sources of var' ity fall roughlv into two categories, controlled and
" ancontrolled. Amor  ine controlled may be listed acclimation tem perature, lethal
:"iarh temperature and diet. These are strictly problems in experimental procedure,
and their constancy is a matter of precision of technique.

Among the uncontrolled, the variables of sex. sise and age torm a group of
- somewhat different character from the remainder. 1t was impossible to determine
the sex readily at such an immature stage as the fry, and consequently s effect,
il present, falls into the uncontrolled individual variability. It seems unlikely
that any concern should be expressed over this lack ol separation since sex
differences m thermal tolerance have rarely been demonstrated even in mature
fish (Hart, 1949), but recent work on the guppie does indicate a possible sex
factor hinked with an inherent size difference between sexes (M B Gibson,

|
?ﬁ
|

persomal communication).
The age within species was identical for anv one experimont and onhy
slightly different between species (Table 11, Control of this variabil < oh-
served, therefore, 1o the greatest degree experimentally possibile. S0 ot i
have usually been assoviated with age diffierences and their separatc mfinences i
not analvsed. In general, for upper lethal experiments. where size has beer tound !
1o |J|1uill|'r an effect, the Ln’um fish .;;:;-.liﬂltl' have Tacn tmore =os c:-:.!rlr
(Dav. 1885; Huntsman and Sparks, 1624 Huntsman, 12 however, nee size
effect has beon reported under imposed expertmental condimons pooscding an-
torm acclimations for gobies (Sumner andd Doudoson, 1888 specilead rrout
(Fry et al., 19461 and varous freshowarer fishe (Harss 17 Ancdusis o rhe size
diff crences for upper temperature-tolerance e Pacite salmon alse hoe shiown no i
efiect (Table X111, Nevertheless tolerance 1o low temperature ajipeers 1o ba i
comphcated by size i
The remanung uncontrolled tactors are those winedy mas be e TR 1 ‘I
mdividual variation despite simifar acchmuanon. leriod bordo tomigae PeoaTid |
dict, and the mteraction of chance vartes Al of thiese e Pinnpeed G- 7 erron i
compoments. The smaller the Yerror™, the greater e chonaes frcenn {
tecning differences which mi;]n otherwise be mashed throucn contanan g |
chects. It s towards the elimimation of these latter contounbing elemenis than |
the design of experiments and the methods of analyvsis of variaon e have strtribated '

so profoundly {consult: Yates, 1937: Fisher 1945, 10480 Spedecor. 10 and |
others
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Resistance Tives
The design of the experiments outlined has been to treat five species (log
of Pacific salmon with five levels of temperature-acclimation (treatments) ag
1o test samples of these species lor comparison of resistance to temperature. Sig,
the same acclimations and lethal-test temperatures were used for each specig
it was possible 10 consider the data for the tollowing relations and the differeng
exhibited therebiv, for example,
I. Speecies X Jethals, tor each acchmauon.
2. Species X acchmatons, tor each lethal level,
3. Lethals X acchmations, for each species
From a measure of the unresolved variabihiv (error) the significance of the ¢
solved components may be tested (F test) using the followimg method
compilanon
1. Comparison of species by times to death at high temperatures

Analvsis of variance

[ « li'l.ti- = lethal rest h'll:;u'l'.ll‘.zr- ~
Acchhmanons acchimation temperaiures
r = log median resistance tme. Nedia resistance ume ‘h‘fll'

mined by plotting the individual times 1o death on probabilia
X logarithmic paper. This s equivalent o the geomety

mean time o death (bry ef a 1946 by use of the medi

time., homvvever, cases m which less than 100 per cent (b
mire th (RO [ occurred can be used {op
| 1l Sim .
~ - 1
(, N )
( e [ t } |
{
S 1
\
’
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’
"
! i
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Sum of Squares:

n[ k

(1) Between species = S| S(Tx? 'k | — ¢
L]
k[ n

(2) Between lethals = S| S(Tx 'n | — ¢
L1

(3) Error = (4) — [(1} + (2)]

’ nk
(4) Total = S(Tx)*—«
1

2. Table of multipliers used for orthogonal comparison between cach species

pren

using total log median resistance times for all lethals and all acchmations per

511(‘1‘i(’5. -
Species 1 2 3 4 )
| B _ 3
Multipliers ] 1 0 1
1 1 -4 1 1
1 == ] 0 1 -1
1 -] 0 =] 1
3. Table of multipliers used for orthogona! comparison berween lethals
when testing for lincar fitness (Fisher and Yares, 1948
Lethals 1 2 3 ] I |
Multipliers 3 3 I — 1 — 3 ‘
D — 1 ~ 4 =l -1
5 -7 -4 4 N
] -3 2 2 3
1 - d 10 — 1 5
LiTHAL TEMPERATURES
The lethal temperature is the temperature for one partio L resstancos Ui,

sufticrently larce samples

theoreticallhy arrine time. for hall the populiton I X
i ! rdedd LT eT AT 1 FE .
could be used 1 a series of lethal baths of very inelyv divided temperature difte :

Jh

iromn

' il “over-those” of
rence, and the experiment continued unui mortahity aver-close )
F--n,l..-g_lfl;f' llhh’. { ".L‘-I‘IE 1[,1 ]yn;,u-[_l';‘u‘r [ !'Il.t ‘l.ﬂ,!, contanunng =1 o e cent

Furthermore, n ht

H 1 1 v o Yy
ol the l"i.:'..l“ -.17'-i-T-_ would bae the fetha lempwerature
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well be expected that the susceptibility to the different levels
(dosage). as measured by the number of survivors, would be
ted. it considered in relation to the logarithm of the
(following Bhss, 19354, b

of temperatyrg
normally distrip
corresponding temperary :
- Just as the individual susceptibility to te
is normally distributed! when measured by time to die
so the mortalities in the samples are

mperat
at a given temperary
also normally distributed® with temperaty
This relation has provided a means of testing the results from siall samples fop
agreement with the postulated normal distribution v a chissquare test (Bliss
1935b)1 and of estimating the lethal temperature with limits of error (standarg
error in this case) for the population from which the sample has be
The rather lengthy mathematics involved have been sim
means (Litchfield and Wilcoxon, 1944,

el takeg
plified by eraphicafl

Apphcation of the above methods is limited for the present leth:

t-tempiera
ture determimations. Three or more cases in which between 0

and 100 per ce
survival persisis at the end of an experiment are required to provide sufficie
independent comparisons for the particular table of chi-square to be used. Ta
achieve these comparisons an increment of temperature difference smaller thag
the currently used 0.5°C. interval would be required, probably of the order of
0.2° or 0.1°C. The cases in which appropriate testing of the data has been
are indicated in the appropriate 1ables. Otherwise the best straight line h
fitted by eve

appli

as been
and the Timits of variability corresponding to + (5.0 — 1.0) on
Probit scale square root of the number in the sample quoted. that is. a tentatives
standard error

PREFVERRED TEMPERATU KES

Temperature selection i o eradient has frequenthv: been expressed by
Mustrating graphically the numiber of tmes one o more fish hiave heen observed
in given sections or compartments of a test tank (Doudoroff, 1938: Sullivan, ¥
Jtga Fhe preferred or selected ten i

rature has been either the temperature.
mterval i which the modad group occurred or the tenmperature corresponding to &
the mean position occupied by the fish, 1 the mean and the mode correspond, 8
distribution of the fish above and below the preferred temperature tends 10 be

11 I

more symetrical than mis expected if they are separate. In the hgures
on preferred temperatures the mean = the standard deviation. and the mode 3

have Leen presented. The method tor cal ulating the mean was simply 1o multiply

the number of tish recorded tor cach cell by the 1

emperature at the midpoint of 48
observations, extending the caleula- =

nition in the usual fashion

that cell and divide by the 1o1a] number of

tions to determine the standard des

1Since the relation is best lie when expres<ed in terms ol pre bahility
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mE IX. Comparison between each spacies of Pacitic salmon acclimated to 20°C. and subjec-
- Ta ; pec
kD re RS ted to various lethal-test temperatures from 25.0° o 27.5°C. This constitutes a
=c e cc breakdown of the significant difference between species to single degrees of freedom
and a comparison for sigmficance with the error term, 2 447, with 20 degrees of
freedom, recorded 1 table V1.
= - S - @ - : 3 ; 5 S iy
~ - "~ = y Comparisons (orthogonal) Variance F ratio F(P’ = 05 FI' = .01
e - r D 5 o e — ———— i e S - - i - S—
& §. (Spring -coho)—(pink—chum) 33.051 13. 22** 4.35 5. 10
g, (Spring-—coho —pink —chumi—(4 sockeye) 6360 2 59 = ;
: H ; H > 4. (Spring—pink —(coho—chum) 7.508 3.02 B "
n = ¢ - = o = ; : =i v #
S ~ =~ -8 ~ 4. (Spring —chum)—(coho—pink 1.410 1.7¢
< Sig ez =
i Comparisons (non-orthogonal, >
I B
s 5 (Spring ' —(coho! 0.201 0.08 1.35 810
6 (Spring—coho —(2 sockeye) 21.6 K. 65** Z o
z ;l - & E ¥ ZEE 7 (Pink —chum)—(2 sockeye) 0.002 0 001 v
i s < e <o g (Pink! —(chum) 11.8 4.72° 5 "
-~ N E o e
* Sigmificant. *® Highly signiticant
mNET— meE— maT o ) ps e g : . . . . g
= = = Taste X. Comparison between linear and quadratic components for relation of 'ogarithm of
re==tance time to lethal-test temperature. This constitutes a breakdown of the signitwant
difference between lethals recorded in table V1.
" E %o = - T . " . B ) i
== = = Sem 8z Components Variance F rauo FiIr=.05 FiP=.01
= = & 7= - e —- s = Er———— e - ==
-0 - & = = Ly ear components 1125133 450 ** 435 510
2. Ouadratie component (1st 15 4240 6. 180"
) 30 cosmponent (2nd 0 656 0 262 .
S - ¥ 4 i component (3rd 0114 004" N
= = = S it component 4th 6022 2 410
ET Se Se = =
e - = = S Curnvatre (av.of 20 b 2.22 287 1.43
.e-'a - ; .,'.l V- 7 :_:J - = = -
ik = = £ - = - S pntteant o= Highly stpmancant
7 3 55
-;: = = 8y :
. &
- 7
- .
x
7
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Table XII1. Mean lengths and order of death of 820 voung Pacitic salmon used in upper
lethal experiments

Facitie salmon estimated by the method
onon (1949,

Estimated lethal Significance of difference

temp. = 2SE. (°C. Slope Species Order of death and mean lengths {cm.) between means 1 and 5
251 =01 0.1, ] 2 3 ] 5 3 df. P
251201 0.15 e i S S — =
25001 0.15 Spring 1.43 440 1.50 4.40 446 0.027 It 09
243 =01 0.15 Pink 3.78 3.81 3.78 3.83 3.84 0.065 62 0.9
215 Sockeye 437 4.6 4.5 432 44 0.032 70 0.9

—— B N Chum 5. 64 5. 56 5.43 5. 43 5.15 0. 148 66 0.4
239 Coho 472 495 484 481 4.57 0.10% 16 0.y
23 0 4+ 06 0 38
23.1 +0.3° 0 35 - S = e ———— -
22.5+0.3° 0 35
21.3x0.3 033
R = . Table XIV. Comparison of mean lengths of live and dead Pacific Salmon from experiments
21.3+03 0.25 on low-temperature tolerance.
21 8 4+ 0.3 028 e —— — ——— e
244 0.3 025 Mean Standard Number
23403 025 length error
2.24+03 0 35 e B ——
B . om. om.
23804 0.48 Live 5.003 0.046 170
23. 7 0.5 Dead 4 748 0.043 171
221 +04 0.5 Mean (difi.) 0.255
2.6 SE. (diff.) 0063
2] & 0.5 Normal deviate 4. 05
- Probability L0001
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