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P '.TEMPERATURE RELATIONS FOR A SAMPLE OF
'S:PECKLED TROUT, SALVELINUS FONTINALIS

el INTRODUCTION

i'pemperatures have been given quantitative assessment
ratory in various ways. Such measurements have been
ature reached before death when heated at a certain
te (e.g. Huntsman and Sparks, 1924), the average sur-
at a given constant temperature (Loeb and Wasteneys,
the temperature at which a given percentage survive a
yth of time (Hathaway, 1927).

‘all these indices are valid for physiological comparison
s it may be presumed that identical material treated
ly in any one of these ways should always give an identical
svertheless no one of them can give a complete answer as
ture of the difference between groups which when treated
7, behave in a different manner. These indices taken
‘still less satisfactory as laboratory measures designed to
e limitations natural conditions may impose on the

ige of any environmental factor in which life of an
ossible at all may be divided into two zones. Within
the animal can live indefinitely. We propose to call
1€ Zome of tolerance, and the levels demarcating this zone
: nd lower incipient lethal levels respectively. At levels
'€ zone of tolerance the organism will be able to exist for
_ time that will depend on the level of the lethal factor.
8th of time that an organism can resist the effects of a level
: ental factor which is beyond its zone of tolerance for
I "?e Propose to call the resistance time. Applying these
fiitions to temperature in particular we propose to speak
hermal tolerance bounded by upper and lower incipient
‘Cratures! and a zone of thermal resistance beyond these

s . ?'HValent to the ultimate median tolerance limits of Doudoroff,
T Dot to use the word ‘ultimate’ since it has already been adopted
In the ‘ultimate’ lethal temperature (Fry, Brett and Clawson,

9
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These definitions are of course but a restatement of factg whiy
have been mentioned previously by many workers. Howev?n thed
does not appear to have been presented heretofqe any case in .
these lethal effects of temperature have been given so complete .
quantitative expression for a single species as we present herg ¢
yearling speckled trout.

rature within approximately + 0.1°C. Experiments in
temperature was constantly changing were carried out
e tanks but hot or cold tap water was run in as desired
hout the temperature changes.
e at which each fish died was noted. Contrary to the
 practice int our laboratory the experiments were not ter-
d at an arbitrary period since it was found that at some
ires all the fish would die although many hours might
The speckled trout used in these experiments were prOViqed . before any mortalit.y Occurrefi at all.? In general the exp'eri-
the Ontario Department of Game and Fisheries. yVVe ‘?']Sh. - continued until the subjects were all dead or syfﬁcxent
acknowledge the kind co-operation of Mr. H. H. MacKay, B;o] "g]apsed for death to have occurred as determined by
and Director of Fish Culture, who made the arrangements for i S from results at higher temperatures, . i
supply of trout and arranged for the storage of some of th.em 5 instances have been reported. in the literature in whxc.h
Toronto. We also wish to acknowledge the valuable guiday has been shown between the size of fish and their sensi-
s by Professor G. F. M. Smith during the course of ctremes of temperature (e.g. Huntsman anq Sparks, 1924).
s it f lth ases so far as the authors are aware resistance to heat
o e o Tk el as size increases. Because of the existence of this rela-
cords were kept in our experiments of the weight of each
tion to the order of death. These data are marshalled in

ACKNOWLEDGEMENTS

MATERIAL AND METHODS

]

The experiments were carried out in May and June on yearli
fish obtained from the Codrington, Ontario, }?atchery. The me l'rh
employed were essentially those used prevxously' by.Brett_ (1%
1944) and Fry, Brett, and Clawson (1942) which in tuir21) .
adapted from those used by Loeb and Wasteneys (19

a 1927). _.
H"‘t;i:’:g’ué to getermining the lethal effects of temperaturel
fish were acclimated to various constant temperatures. ?to .‘
one day per degree temperature difference between the h

f

Dize of the trout used arranged in order of death. Values given are
g number of fish in each size class.

4 Weight class grams
40 6.0 80 10.0 12.0 14.0 16.0 18.0 20.0 22.0 240 Mean

: E . - £ & i = = — - weight
=99 7.9 99 119 139 159 17.9 199 219 239 250 s

482 H B 5 d g o 3 1 7.12

temperature and the acclimation temperature was all‘Owe -’ lg g g é § g Qo NG g 774

thermal adaptation. During the holding and the acclimation . SR 2 g 8 g 8 ?Z;

the fish were fed fresh liver. ‘ mpfé B 2o B g z
To determine the effects of a given temperature, a sa

e of difference of frequency distribution in rows 1 and 5

F s eion B
od directly from the acclimatic
from five to ten fish was placed y ey TR o

Hrtis : e erat®
into another thermostat maintained at the desired temp€r®

Th ter in these thermostats was aerated by compressed ai.r I;.. (ch;fzdiﬂerencc of means in rows 1 and 5
i i ' i i quctt < N=48 5¥=00123 %-3 -
£ d . 7 Introc J X 5 % %= 1.673
changed either by siphoning and replacing, or by i il

g ; ~ square and &3
continuous flow. The baths used were two feet squar o
: . e o
inches deep, made of galvanized iron and coated inside v il
I ; : ;=
num paint. Glass-covered electric heaters were used to

0012 =183 ni=04 P —oog

of, 1945, 1,4 recently pointed this out for Marine species.
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TasBLE 2.—Comparison of the median survival time with the arithmeﬁc_
geometric mean survival times. The values given are the averaga o

experiments. ¢ s 9 6 & & s b
o q 5
e ¢’ A s
Median AM G / / /' P /./ e
°
o
Av. timemin., ............. 423.9 448.0 423.0 s/ /" ; /
Cases greater than Median .. 23 10 4
Cases equal to Median. ., ... 2 7

Cases shorter than Median .. 2 10

/

SNSRI | ! :
Ll - nnlaoloo 111

Time rminules

Neither the chi square test for distribution nor the *‘t" teg
the difference between the means show any significant differe
between the size of the first and the size of the last fish to die ing
experiments. This apparent conflict with the results in the i
ature is possibly due to the fact that all the fish in our saml
were of the same age, but the matter might profitably be inves
gated further.

ime-mortality curves for 20°C. acclimated fish exposed to various

vels of temperature, plotted as probits against log time. Probits
om Fisher and Yates (1943).

‘the time of death of one or more individuals was lost and
s impossible to calculate the geometric mean, the known
ere plotted as probits against the logarithm of time and
1 obtained by inspection. The same procedure was also

more than 509 but not 1009, of the individuals died
Periment was terminated.

As has been pointed out (Bliss, 1937), the temporal order
which deaths occur in a population on which some constant let!
factor is exerting its effect is a statistical problem and if the prof
derivative of time can be found the order will fit the normal ctf
of probability. As will be recalled, a property of the normal cif
is that the median and the mean coincide. Using this propert
a criterion it was found that the derivative of time which ga%
normal distribution of the deaths was the logarithm. A d_e i
stration of this fact is given in table 2 where the geometric®
arithmetic mean times of death are compared with median
obtained by interpolation. It will be noted in table 2 that
arithmetic mean time was found to be much more frequently 198
than the median time than shorter, while the geometric meaft
was shorter than the median time as frequently as it WaS_l-
Figure 1 also demonstrates the goodness of fit of the logarith?
the time of death to the normal probability curve. On the basy
these comparisons the geometric mean mortality time has
considered equivalent to the median mortality time and has y
calculated to represent it. All calculations of experiment?
have also been centred about the geometric mean.

ISTANCE TiMEs IN RELATION TO LETHAL LEVELS
AND THERMAL HIsTORry

. “ﬁ? determine the length of time that 509, of the popu-
dwithstand various lethal levels of temperature, the series
' wer.e carried out that are summarized in table 3. To
y relations between these values, figures 2 and 4 have
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Fundulus parvipinnis (Doudoroff, 1942, 1945).
a2 have been replotted in figure 3.3 It seems reason-
that the similarity displayed by this careful work on
lends support to the interpretation placed on the
for the speckled trout. The response of the goldfish
o be the same (page 33).

TaBLE 4.—Formulae for the regression lines describing the thermal resig
of yearling speckled trout acclimated to various temperatures and Me; |
in Toronto tap water. (x is the temperature in deg. C., y is log g
minutes).

Acclimation

temperature Formula oslope gestimgyy
S i
— .- 2
24,25....... y =17.8467 — 0.5567x 0.0362 0.1631
]
n
T y = 17.1967 — 0.5367x 0.0238 0.0500 2a, ’
b2 DL IPERSEL S y = 15.0331 — 0.4661x 0.0269 0.0500 -5
e M e =X
 F T P y = 15.1846 — 0.4833x 0.0269 0.0755 / -
/ []
R ), ¥y = 14.6256 — 0.4728x 0.0277 0.0610 £ Fipri i § i
= = 4
: . i
It wili be noted that the lower ends of the regression lin¢ )
figure 2 are terminated abruptly by two boundary lines, one roug SXTTER T e
at right angles to the four lower regression lines and the other ld °}§¢_. Al 8
zontal. The regression lines have no meaning beyond those bo ,’G y 2
. . . « F la 3
daries because in the region beyond them 509, mortality does! 12° o it o
occur no matter how prolonged the experience may be. The bo i //:
dary lines thus separate the zone of resistance from the z00 B
tolerance and delineate the upper incipient lethal temperad s 1O e 100 (Fundulus

Time of exposure n hours

(page 9) for the various levels of thermal adaptation. The ™
section of the boundary represents the region where the upper
temperature increases in response to an increase in acclimé®
temperature, the horizontal portion, the ultzmate upper NG
lethal temperature, the temperature beyond which no ian_B
lethal temperature results from further increase in acclif®
temperature (Fry ef al., 1942).
Three features in figure 2, namely the parallel slopes _f
resistance lines over the region where the upper lethal tempers lled ]
increases in response to an increase in acclimation temperat"ty "illSZlT evf'h_ft differently from those of figure 3. Consultation
change of slope at higher acclimation temperatures, and the i €I, the saon‘:ctdl?ttah;ie?titdh?d 0:1 Convlpumtion i e
into the zone of tolerance at a lower exposure time at lower 4¢2 * for resistance, The horizolriltatl ;o‘;\t‘ign“;yiq)ShZUldﬂgwe vodeage
tion temperatures, also appear to be present in the data for "Pear without method of computation. T b aod P

~SSistance time for Fundulus parvipinnis and Girella nigricans plotted
- t“’er]; by Doudoroff (1942, 1945). Values for Fundulus accli-
- Mave not been plotted since they appear to be atypical.

. t.o which the resistance time at a given lethal level
.~ Is dependent on the thermal history of the fish is
€A 1n figure 4 which is derived from values read off the

e ted that the axes of the graph in which Doudoroff’s data are
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regression lines in figure 2. In figure 4 resistance times are o
against acclimation temperatures for various lethal levels of -
perature. The proportional rate of increase in resistance
attendant upon an increase in acclimation temperature .
appear to subside gradually until the acclimation level hag r@a
a stage where the upper lethal temperature approximates thg
perature in question. There is then a sudden increase in rag,,

. continued well beyond the time indicated for that
the regression lines in figure 2 were extrapolated.
e that each sample was exposed is given in table 5.
ion of the upper lethal temperatures is continued on

.ary of experimental data relating to upper and lower median
ithal temperatures. Values are per cent mortality. Figures in

o 24° 25° re test times in minutes.
:&- w
3 = Lower
g: Acclimation temperature degrees C. test
2E ° temp.
2 gE s 11 20 22 24, 25 e
1Y
o
s ¢ = 67(2070) - 100(5040)
X & 28° | 100(620) £ x i
e = 0(2300) - 0(5000)
0 G- 28.5° 17(1500) 0(2200) - =
&= 30(1200) i = -
e Rl 4 - = _
. 5 5
)__ 5 - —
& ¥ o 0(1400) - 0.0
i L ¥ 100(4300) 0.2
e B o e ~ | seww | oo
Acclimahon Tamperalure °C.
FiGURE 4.—Resistance times for various acclimation temperatures ploti®
various levels of temperature in the lethal range, Data taken frof
regression lines in figure 2.
o 25.3 ~ 25.3

the resistance time quickly becomes infinite. At temperaturé i€
just above the ultimate upper incipient lethal temperature 3"-'
this increase in rate begins but is suppressed, the rate of 1€
subsiding to zero. At considerably higher temperatures the
of sharp increase at the higher levels appears to be entirely

pressed.

LowerR LeTHAL TEMPERATURES

:te series of .low.ver lethal temperature determinations

Out since preliminary work showed that for this species

i throughout nearly the whole of the biokinetic
Only.Just above 0°C. when the acclimation temper-
“bhe S_mce‘the uItifnate upper lethal temperature is
. '€ 1s evidently little room for further loss of cold
uch data as were obtained are recorded in table 5.

UrPER LETHAL TEMPERATURES

The percentage of fish which survive for a presumably ‘n,d
period at various temperatures and for various levels of acchn-.
are given in table 5. Each experiment involving less tha
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THERMAL TOLERANCE grett, 1944), and indicated by the data for Fundulus and
&oroff’ 1942, 1945). A similar lack of marked change

r lethal temperature in response to changes in acclimation
is displayed by the minnow, Pfrille neogaea (Brett,
3rett (1941, 1944 ms.) gives data for other populations of
rout which indicate that in those populations the change
emperature with change in acclimation temperature was

The thermal tolerance of this population of yearling Speck
trout is shown in figure 5 in the manner originally adopted f,, |
goldfish (Fry et al., 1942). The area contained by the trapezqy .-
625 units, just about half the tolerance displayed by goldfgy
similar age.

y of the order of one degree in lethal for three degrees in
0 L n temperature. The nature and extent of this difference

~ thorough exploration.*
S arison of our data with Brett’s shows that the ultimate
. B b =X gy ent lethal temperatures are of the same order, while at
o ,/*’ E el of acclimation temperature the lethal temperature for
u 2.“ i L e 4ﬂ-~3 daka iples is considerably lower than that found for our popu-
g BUA B it a similar level of thermal adaptation. Thus the flatter
é Q relation between lethal temperature and acclimation
g = e in the present case indicates a greater and not a lesser
@ L ance. Perhaps the ratio of change in lethal temper-
a-% 1ange in acclimation temperature reflects inversely the

é ek hich thermal adaptation can take place. '
F g ate upper lethal temperature of 25.3°C. (78°F.) is in
o 1% eement with the maximum for this species commonly
I by fish culturists and supports the conclusions of Embody
3 Ol—  Ricker (1934).
J

N L KJ | L,IJ JEATH IN CHANGING LETHAL LEVELS OF TEMPERATURE
zl l Js L1|o 5 :LTL e 22 =26 oéc: 38 a matter of analytical convenience it may be desirable

A cclimalion Temperature e the thermal resistance of an organism by measuring

' ._?f time a sample can withstand a particular constant
'€, such data have little or no direct application in the
£ thermal death in nature is almost certain to be brought
e Changing temperature conditions. Fortunately for all
“TPOses at least, the relation between the time to death

Figure 5.—Thermal tolerance of a sample of yearling sp(‘ackl‘ed .trlout l:;m .
in May and June in Toronto tap water. The dotted I{ne mdlmdte: d i
of Brett's (1941) data for another population of slightly olde ) he
measured in Opeongo lake water, and for further data (Brett m'sr; o
sequently gathered on yearlings from the same source as our oW
necessarily of the same stock.

ce between our results and those of Brett does not appear to be

of ‘the fish since we have now determined the thermal resistance
fation level for a sample of our stock held for a further period of

d have found values concordant with our
older than the oldest on which Brett made

: ses onl¥

In these trout the upper lethal temperature increases :::ir! ;
degree for seven degrees change in acclimation tcmpgritu;a s .
/i slope of one in three found for the goldfish 2 bNee Lo

trast with the slope of one in thr e S
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X
' ~me the fish were dropped into water at a given lethal
erature and exposed continuously to that temperature
. length of time. Subsequently the temperature was

denly to another lethal level and maintained constantly
until death occurred or until another shift in temper-

e. These steplike changes in temperature were used
periments. In the later experiments the temperature
aged continuously, a time-temperature record being kept
 death of the animals.

at a constant lethal level of temperature to that at changing les
levels is not a complex one. It appears to be the sum of the the 1
experience at cach lethal level. This was first pointed out by J: .'
(1919). :

In order to determine whether this relationship also helq for
speckled trout, a series of experiments was performed in “'hich.
same sample was exposed in succession for various lengths qf
to two or more levels of temperature, each of which would he
mately lethal, and the time to death noted. The observed tips
death were then compared with theoretical times calculated iy
following manner, 1

It was assumed that the length of time a fish could exist 4
given lethal level of temperature depended on the rate at wj
mortification® proceeded at that temperature, and that this rag
mortification was constant throughout the time necessary to by

smparison of the length of time required to bring about death in
kled trout exposed successively to two or more lethal levels of
for various periods of time with the theoretical resistance time.

. Obs. time Theoretical time
Thermal experience to death to death

: ; ] : A
about the death of the animal. Thus if at a given temperatug ; N .
fish could exist for 100 minutes, the rate of mortification would - 27.1,33 min to 26.3 till death 102 + 18 107
assumed to be 1%,. per minute, and it would be taken that i

-+ ) : . 26.3.60 mi :
of the condition leading ultimately to the death of the organ _ 3,60 min to 27.1 till death 112 4 10 100

would be brought about by the unfavourable temperature il ' 25.8,90 min to 26.1.40 min

first 50 minutes, and the remaining 50%, in the last 50 minutes. | to 26.5 till death 190 4+ 22 -
the basis of this assumption then, what may be termed the mi {

rate of mortification at any lethal level of temperature is the - 26.5,230 min to 28.0 till death 291 - 16 281
procal of the resistance time in minutes at that temperature, 200 o7 g 2

degree of mortification resulting from a given exposure t0 ¥ - #0125 min. 10 28,0 till death 183 + 20 179
temperature would be the minute rate of mortification mulﬂ. 27.5,75 min. to 28.0 till death 128 + 10 122
by the exposure time in minutes. If the animal were exp0s¢® iven is 2¢.

known lengths of time to a series of temperatures for whicli?
minute rates of mortification were also known, then the deg®™
mortification resulting from each exposure could be calculat®
these fractions summed. When the total of the fractions W3 =
the animal would have received a lethal dosage. In using thi® r
we have multiplied the reciprocals by 100 in order to use percels
rather than fractions.
The experiments carried out to test this theory wer¢ 0_

1012;}1; stte;ziexperiments are summarized in table 6.
B o eath unde{' the experimental conditions
Bt o ai[s\ hlil the ‘followmg f}xarr'lple which is the first
£ .Cal (i median mortality time for each tempera-
& thermalcu alt‘ed fr.om the appropriate regression line
N ahcc imation of thelsubjects (table 4). Thus
the rogr, , t e ﬁSl-l were a§chmatecl to 11°C. and the
edia, mosstlolr.l lmc‘ Is log time =14.626 —(.4728 temp.
i rta 1ty. ‘tm_l‘es .ff)r ‘EhC temperatures used are

: S, and 26.3°C. 155 minutes. The fish were first

§The term mortification is used here to mean the degree to which :L“r o
- . . - , B0
has proceeded towards death. The median mortality point is the poitt
half the fish have achieved 1009, mortification.
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LETF E ROUT
o 7.—Observed time to death in changing temperatures

exposed to 27.1°C. for 33 minutes which represents a theoy,
compared with theoretical times,

mortification of 519,. It should then have taken an addit.ional
minutes’ exposure at 26.3°C. to bring the sample to the p,.

Obs, time Calculated Calc. time

mortality point, making a total time of 112 minutes fo eperi

. ty point, g ; ' e the whe Thermal experience to 509, per cent to 509,
experiment. The observed time to the median mortality pojp " mortality mortification  mortalig,
102 minutes. The observed time lies within twice the stapg. min, min :

ture rise beginning within lethal leve]

deviation of the theoretical time and thus within the aceepted Jj, peratur
25.0-30.0 in 25 min, 225 4.9 98 + 22 055
- .2

of experimental error. 2 df

Table 7 summarizes the results of experiments in which the 125.0-29.2 in 32 min, 209 + 5 91 & § 30.7
were in temperatures that changed continuously and steadily rag 125.0-28.0 in 80 min. 79.6 + .5 99 =+ 3 79.6
than by steps. Under these conditions the theoretical lethal ey 25.0-28.0-26.0in 77 min.  *74 4 3 101 + 2 72.0
ence carm.ot'be c.alcula'ted quit.e as simply as in the step experi e erature rise beginning at acclimation level
although it is still an integration of the area under the time-mg; ~ 11.0-28.8 in 376 min 365 & 3 220 4 30 347

3 P Fo 1 B 1o : y . | ; : 4

fication rate curve. Instead of calculating the theoretical ti - 24.0-30.0-29.0in 130 min. 127 + 5 184 5.7 iy

B

death and comparing it with the observed time as was donej
table 6, the theoretical progress of mortification that would}
accounted for in the observed time could have been calculated a
compared with the observed mortification of 100%. To return:
the example these calculations could have been made as follo
The median mortality times at the temperatures used were
minutes at 27.1°C. and 155 minutes at 26.3°C. The actual
spent at each temperature were 33 minutes at 27.1°C. and 69 o
utes at 26.3°C. These represent 519, and 459, mortification resf®
tively and together total 989;,. The observed mortification Wi
course 1009, and the discrepancy between the observed and 8
expected result is %. The experimental error is 6%.

The calculation for the step experiment above amounts t0F
addition of two rectangles whose bases are the exposure ¢imes:
each temperature and whose heights are 100 times the minut®
of mortification at each temperature. With a continuously C.ha“
temperature following no formulated course, the mortiﬁcathH_
curve is irregular and the area under it is not amenable to calcu "
by formula and in these cases was therefore found by Co;'
squares. Figure 6 illustrates the method of calculating the‘ !
of mortification for the comparisons given in table 7. The 'Y y
of a piece of arithmetic paper is marked off in equal parts ffo’ﬂ
to 100 to represent the percentage minute rate of mortl}
The ‘x’-axis is marked off in minutes. Points represenf‘rl

pection {rom probits.

I
[
280

= €3

{
ars

Terrperoru re

2%0

ok A

jr=t=—1

— SO % morrohl’s

1
250 260 265

2 20 Fe= = Blo

Duration of Experiment mun.

ﬂiustra i
tion of ¢
i the method used to plot the course of mortification

~Cletha] |
ed underer}?l of tempt.zrature was continuously changing. Each square
" el e curve mdx(‘:ates 1% of the theoretical mortiﬁcati:m.
sents the experiment summarized in line V"table 7 ke
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mortification rate for lethal levels of temperature at degre,
half-degree intervals are marked off and assigned to the Approps
lethal levels. In figure 6 this scale is drawn to the rlght-h;md G
This scale of course changes for each acclimation level.

~_.[d not be accounted for by any data presented in this

st two experiments listed in table 7 heating was begun
" pimation temperature and allowed for the possibility of
rermal adaptation as mentioned above before a lethal level
.d. In the first of these, heating was begun from the base
ure of 11°C. and about four hours were passed before the
. perature experience lethal to trout, acclimated to I [ i
As will be seen, these fish did not die at the time
of trout acclimated to 11°C. would be expected, the
he curve amounting to 220 instead of the expected 100.
pancy can be explained by assuming that the thermal
e between 11°C. and 24.5°C. resulted in the acclimation
1 to a higher temperature.

othing is proved by the process, it can be calculated that
on level equivalent to that attained at a steady temper-
t under 16°C. would provide the correct scale of recip-
nslate the experimental time-temperature curve into
ication. This acclimation temperature can be derived
4 as follows. The calculated mortification on the basis
acclimation was 220, the theoretical value on the basis of
€Ct acclimation Jevel should be 100. The time to death at
€thal level of temperature, say 27°C. when the trout are
L1°C. is 74 minutes. The actual time they would have

Hiat temperature with their new level of acclimation would
290
100 X 74 = 163 minutes. The acclimation temperature

For a given experiment, a time-temperature curve is drayy i
the time read off as each of the significant degree and ha]f_de
intervals is passed. These temperatures and times are ‘then Dlor
as in figure 6. A perpendicular is erected at the geometric g
survival time and the area under the curve at that point foupg
counting squares, the unit being one minute by one per cent morg
fication. Areas and times were also found for 2¢ above and hej
the geometric mean time to give a measure of the experimeng
error.

Only the first four experiments listed in table 7 are comparalf
to the step experiments listed in table 6. As before, each of the
experiments was begun by introducing the fish direct from the
acclimation temperature into a bath at 25°C., a temperature th
would be slowly lethal to them. This procedure was adopted!
remove the possibility of undetermined thermal adaptation. _ ‘
results of these experiments agree with the theoretical well w
the limits of experimental error and confirm the results of the s
experiments.

It may be of interest to note that the first three experiment
table 7 were designed to illustrate a phenomenon which has %
remarked on in the past, namely that on heating an an.imal’ﬁl :-
the temperature attained before death takes place varics Wl.t:;
heating rate. Half of this generalization is given qualmtJFatl\t
pression in these three experiments. When the heating is '
at a temperature above the upper incipient lethal temperét
undetermined acclimation is ruled out 'and the more raP‘r
rate the higher the temperature attained. The precise teljlpera
attained will be that at which the area under the time-tempy
curve assigned to the proper mortification rates. reflt‘-l.lt’sqs.
mortification. These three examples give a qu-antltatlvﬁ‘m:m F
only half the generalization because if the heatn}g was begU™ 3
level below the upper lethal temperature acclimation ¢
during the thermal experience before the lethal temperd

Q@ allow a resistance time of 163 minutes at 27°C. is 16°C.
: the fact that within the acclimation and the lethal
‘Consideration, the Jog time-temperature curves for mor-

.2) can be described by parallel lines, the resistance
- mation levels of 16°C. and 11°C, maintain the same
‘_ii: le‘thal levels involved. Therefore nothing is neces-
A Ssign ‘the temperature points to reciprocals appro-

* acclimation rather than 11°C,

':ha.ﬂging temperature experiment gave results which

Wl_th all other data gathered during the investigation.
B this discrepancy was not discovered in time to repeat

HeCUE
tu el
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the experiment. The experiment performed was to Warg .
acclimated to 24°C. from that temperature at a rate of op; _‘_;
per twenty minutes until a temperature of 30°C. was reacheq.
were then cooled at approximately the same rate untj] deﬁtﬁ
curred. The area under the curve when plotted as ip figy
amounted to 154 instead of the expected 100. 1

While this experiment is similar to the previous one in g, ]
rise in temperature was started from the acclimation tem peras
there is no reason to suppose from the data presented in figy.
and 4 that any increase in resistance would take place duyip,
temperature experience before entering the lethal range. ]

A possible explanation might be the tempering effect, the |
ing of shock by introducing the animal gradually to the letha] ra
However, Brett (1941) went to pains to demonstrate the absepg
any such effect in the very species used in these experiments,

There is some justification for considering this discordant fing
to be an unfortunate accident and it will be considered so pen
further work. The temperature attained was one at which
can at best live only a short time and this circumstance could!
to considerable error. Furthermore it will be noted in figure
one sample of 24°C. acclimated fish lived at 29.5° more than
times as long as would be expected on the basis of the ges
regression line and one might expect another sample of similar
to do likewise.

jjan mortality time, with no de

was then discontinued for it was evident that

ot of the exposure on the previous day was not sy limy

the survival time. Indeed since none of the fish hadci' fls
cted median mortality time there is some hint ; lf(d

. I_ﬁon as a result of the previoys sublethal exposgr(\d

aths resulting. The

| T DEATH OF SPECKLED Trour IN NATURE

] bted to Professor A. G. Huntsman for a record of

' speckled trout along with other species in the I(;oltllcjtt3
September 12-16, 1942
Perature record taken
r11-13 is reproduced in

,50% \

morI‘E:hh__,

THE ACCUMULATION OF LETHAL EXPERIENCE

Speckled trout exposed to lethal levels of temperature i B
are likely to be submitted to them repeatedly each day duri®
diurnal heating of the streams or perhaps in still waters '.I‘-' ,'L__ 4
nocturnal migrations to the shallows. These possibilities P _ "k. by Huﬁtls(l:a(:]f plagrt ak
the need for determining whether sub-lethal exposure to lethd* 2 - "Nipient yppe, leihatfﬁt)e.
of temperature on one day would be added to a second (‘-\'PO I i g
the succeeding day. Only one experiment was pCrformed‘l'O ;
this possibility but the results from it were quite conclusﬂ"-"o

A sample of five trout acclimated to 20°C. was exposed 92
for three hours (609, mortification) and then returned t0 % 2
22 hours. They were then subjected to 27°C. for five h0

Senh. 11 Secph 12

Seph 15

t}3e temperature re
The horizonta] d
perature of speckled trout. The shaded

Xperience that trout similar

d before undergo; ;
ature of 24°c. P8 @ Mortality of 509

cord for the Petiteodiac

."- w_ould have resiste
5 Celimation temper:

. g the tropr :
: PBrat:,(—):t acclimated to 24°C, before entering letha]
’ » speckled troyt similar in behaviour to 0:,-

pt I’la\«'e Vi
survived through September 11 and would have
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commenced to die about 3.00 p.m. on September 12. [ thig
case at least our laboratory findings are in quite close _:;_
with conditions in nature. '

of this population acclimated to 20°C. exposed to
g%mountl'ng to 60% mortification had‘recovered

eing turned
CON tempera e re n
CONCLUSIONS 2 P I: tu'r &
oratory hndmgs agree close] Atk . ; ;

trout in nature given by Huntsman (1946)
ation was found between size and order of death at
el of temperature in thijs group of fish which wer
rere

These experiments, if the results are confirmed by furthe,
on other species, point the way to the reconciliation of the g
methods which have been used for describing the lethal eﬂe
high temperatures on fish. The work recorded here is opy,
liminary and not only incomplete in that further data on gop
the points discussed would have been desirable but also becayg,
pertinent section, rate of thermal acclimation, has been ..';:
omitted. 3

Further, if these findings are extended to a determination of
influence of age and the possibility of other influences explorg
would appear possible to predict from the laboratory findi
probable effect any course of temperature found in nature w
have on a similar population, provided that other environme
factors were not influencing the result; or to make the stateme
another way, to determine whether a given observation of mort
in nature could be ascribed to the effects of temperature aloné

SUMMARY

1. The lethal effects of high temperature on a population of}
ling speckled trout have been resolved into two indices.
{(a) The length of time that 509, of the population could T
temperatures that would ultimately be lethal. _
(b) The temperature at which 509, of the animals ¢O%
presumed to exist indefinitely. ;
2. Each index was measured on a series of samples acC '

at temperatures of 3, 11, 15, 20, 22, 24 and 25 degrees Ce?
3. Lethal effects of low temperatures did not rise ab? 3
until the acclimation temperature had reached approximat®®
4. The rate of dying in changing temperatures above
lethal temperature can be ascribed to the additive effect S
thermal experience undergone at each temperature.
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APPENDIX temp.. 36.6 36.6 362

THERMAL RESISTANCE OF YOUNG GOLDFISH (cgp, = 340 12 12 12
SIUS AURATUS L.) AS INDICATED BY THE DATy o1 330 100 100 88
FRY, BRETT AND CLAWSON (1942) 1 320 100 100 100

36.2 36.2 °C,
12 12 12
88 88 88

100 100 100

Doudoroff (1945) has recently raised the question as to Whett temp.. 338 338 337

33.7 33.7 337 °C.

a 14-hour period is of sufficient length to give a measure of

315 25 25 25
thermal tolerance of fish. He demonstrated that this was cepgy.

25 25 25

not so for Fundulus parvipinnis and Girella nigricans. Unfortyp, ‘
he was not able to form any opinion regarding the goldfish, g

Fry, Brett and Clawson (1942) did not publish their data in 4
that would allow him to determine at what experimental time
upper lethal temperature became stable. ]

28.0 40 40 40

40 40 40

27.0 1 died but time not recorded.

In order to remedy this deficiency, we have taken the liberty

the absence of Brett and Clawson of retabulating the original d;
on the goldfish in the form used by Doudoroff (table 8). These d
are also illustrated in figure 8. 1

x s 41°
g
TaBLE 8.—Per cent survival of young goldfish at various high temperature I3 x \\‘9\40’
relation to acclimation temperature and duration of exposure. x x - S za°
Accl. Number Test Duration of exposure Medias ‘
temp, of temp. hours surviv Pl S, . s
°C: fish 0 1 3 6 12 24  timef i
41 5 42.0 100 100 100 20 0 0 //
40 8 415 100 100 100 63 0 0 e
i N
38 4 43.0 25 0 0 0 0 0 ———x it pa0
8 41.5 100 75 50 0 0 0 /’
8 40.0 100 100 100 100 100 100 y
—— /
Median survival temp.. 42.4 420 41.5 410 410 41.0°C _ —
i y A I S
32 ¢ e 0 B g Cn o ; £
5 40.0 100 80 0 0 0 0 4
8 39.0 100 100 88 63 63 N
8 380 100 100 100 100 100 100____‘_
o 3 IXe
Median survival temp.. 40.9 40.0 40.2 393 39.2 302 "C' = ; X 100
24 10 370 10 10 10 10 10 '
5 360 100 100 80 80 80 - SR BRI
10 350 100 100 100 90 90 - 3 @ 1m 2a 5
S - lime of exposure I1n h
ours

‘ al resistance of the
“*and Clawsgn (1942).
[

goldfish as illustrated by
Plotted from the data in table 8.

the original data

300 86 86 86 86 86 86
temp.. 30.8 30.8 30.8 30.8 30.8 308 i i
29.0 0 0 0 0 0 0
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The data in the zone of resistance are somewhat. SCQll—ty buy
as they are they point to the same type of behavx'OLfr as h
demonstrated for Girella nigricans, Ivjundulu:s PGTWPW?.M‘_; 4
velinus fontinalis. It is particularly interesting ;clo note _lhat
Girella and Salvelinus, the goldfish contmu}:e to bs (:\ rccm ,}?d_ ... . Beddgds
i teau of tolerance has bee acheq _
esistance after the pla f 3 ‘
;triking feature about the goldfish data' is %hat the zone of resigg
is tremendously curtailed in this species in comopélrlsorcxl w“ah-'-'
osthers cited. Even at acclimation levels .of.40 .han 41°0,
e of tolerance appears to be entered within 24 hours and;
ZO:limation level of 10°C. within something of the order of j,
ac
houlr{t appears from figure 8 that, with the exception of a;cﬁ_
levels oIf) over 38°C., the 14-hour periodf a}cllopteliliéog 31; ;-n T
ratures ot the goldhsh w: ple
ion of the upper lethal tempe S by
:;av be concluded therefore that the values given by (I;:. ’tié.
the' upper lethal temperatures of the goldgsh ’rlffgrfesmterp
of tolerance up to an acclimation level of 38°C. Clll‘ -
of the limit of tolerance at acclimations above that lev |
seem to be correct. N : -
4 Unfortunately in determining the lower le'.ch.al ten ip;)le :
kept of the mortality by stages, and it is poss N o
e wtatfre:];iven may be slightly lower than would have 1€ B, i; B o
e i i S.B.F. 432 169.192.
Eforrllja more extended experimental period.

G. 1946, Hear stroke in Can
Res. Bd. Can, B, 7 (in press),

A.G.and M, L. Sparks. 1924, Limiting factors for marine animals,
'tve resistance to high temperatures. Contri. Can. Biol. NS. 2;
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