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INT~ODU.CTION 

Of the physical factors which determine the aotivity, 

abund ano e t and distribu ti on of plant and animal life, that 

of the environmental temperature is one of th e most important. 
Q 

The temperatures to whi chr plants an Lmal r r-:(\S' subj ected["C). rc1 

-is
in nature _~ not of a very wide r-ange , and yet many forms 

of life cannot withstand the extremes of even that range. 

The distribution on our globe of many forms of life is greatly 

determined by their abili ty to wi thsta.nd low or hi gh t emper> 

atures, and this is true of vertical as well as of horizontal 

distribution, expecially in the case of fresh and salt water 

life. 

During the summe r of 1929 the B.Uthor attempted to 

show the influence of low tempera.tures on the vertical 

distribution of various speoies of Amphipoda. The work 

was done at the Atl antic Biological ~tation, st. Andrews. 

H. B., under the direction at Prof , A. G. Hunt s .aan , 



In the study of the distribution of anLma.Ls as 
~)l~erlmt': ,,4:0.\

regulated by temperature, moretwork has been done with 

insects them wi th other animals. This is beoause of the 

economic ae pe o t of the matter t and probably also because 

insects are more numerous and therefore more easily obtained than 

other kinds of animals. 

Although Newport (1837), Bachmetjew (1901) and Pirsch 

(19E3) found that inseots do have a slow control of their 

body temperatures under different envtr onment af conditions t 

yet poikelothermio animals, as a rule, oannot ordinarily 

wi thsta. ( \~ x:t ,. e fjl,'~ -temperatures. The abili ty of a species 

to wi t hs t and low tempere.tures will necessarily constitute 

a limitation on its distribution. A species Il18,y not be 

lethally affected oy the summer temperature range of a 

locality, but the winter temperature range of that locality 

IU2,y be low enough to kill the species unless it migrates 

to warmer climates or is specially adapted to low winter 

temperatures. In ma.ny non-migratory insects this adaptation 

lies in hibernation. (The explanations advanced for this 

phenomenon are given elsewhere in this paper ) , Kirby and 

Spence (lSlS) noted that insects when hibernating will 

resist extreme 10\,1/ temperatures, al though these temperatures 

are fatal when the insects are in the active (summer) state. 

Gueyrlard and Portier (1916) found that the l~rvae of some 

insects can survive -20 C. in winter out not in s1ll11p1er. 

This periodicity in the lethal point of certain bugs and 

insects has also been reported by Bachmetjew (1901), Duval 

and Portier (1921), Knight (1922), LUdwig (1928) and Payn e 

(1926 and 1927-4). 



Animals normally exposed to a temperature range which 

does not vary muoh develop cold hardiness in proportion to 

the lowest tempera.tures of that range. Semper (1881) calls 

the Lriac t Lvi.t.y of an Lrna.Ls when at low temperatures Ilchill

eoma" and notes t hat the cr i t t caf tempera.ture for chill-coma 

is widely different in various animals, Tho se animals which 

live in colder climates have lower critioal temperatures 

for chill-coma than those of warmer olimates. Mayer (1914) 

working on Aurelia aurita f,ound that those speoimens taken 

from Halifax, N. S ' J cea.s e movements at -1.0 C" whilst those 

t ake n from 'l'or t ugas , Florida, become inaotive at 7.75 to 

11.8 C, Payne (1926),working on oak borers which normally 

are sUbjected to temperature extremes, and on aquatic insects 

whi.ch are never exposed to t emper at.ur-e s lower than a C" 

found 8, correlation between environmental temperature and 

the lethal temperature--the oak borers withstand lower 

temperatures than do the aquatic insects, Brown (1929) -v

investigated the ability of various species of Cladocerans 

to withstand sudden immersion in water at or near 0 C" and 

found that the southern species beoame inactive in one to 

four minutes, whilst northern speoies remain aotive indefinitely • 

.Cameron (1914), working on the effeots of low tern.peratures on 

the frog, found that the species whioh lives in western 

Manitoba (Rana pipiens) hss an aotual deat.h temperature of 

only a few tenths of a de gree lower than two other speoies 

whioh occur distinotly further s outh (R. olamitans and ll. 

sphenocepha.la) • 



~SUMMEJ\ E.X-V E'RIMENTS.
 
In the experiments on the relationship of low 

temper8tures to the distribution of Amphipoda the following 

speci es were used: - 0 reo h e.s +ta. Q.. j \.\-t .s -S ~ • * h ' J 

~q "" '" (\ V- U -s 1 0 ~ '" ~ 1: q ( L I r\ .) j ~ hu,,\\,\ u o·ll.t.+q+o!: (Pa l1.)J 

U n c.-l 0 10. -l Y r C ,... 'Q. -t n. S 
.... £:l~, Amrel{~c({ l1!\Q.Cr()--

~Q L'l\je b~rj J Qnd Q:c. hem e h.e. 11(\ 
~ I n 3 v , -S ~ 0 -a c, ~). 

It has been shown that marine invertebrates oannot 

maintain a.ny differenoe between the osmotio pressure of 

their body fluids and that of the water medium. V,Jhe n the 

osmatic pres~ure of the su r r ound i ng/ medi um is varied by 

either conoentrating or diluting the sea·water, the body 

fluid will adapt itself by undergoing a s i mi l ar change in 

oonoentration. This will, of course. affect the freezing 

point of the animal, a s i s cited by Philip (1925) in the 

case of the orab, Maia verrucosa. 

Medium Sea · wa t er Body fluid 

Normal sea-water -2.3 c. -2.3 c. 

Concen t . n -2.98 -2.9 

Dilute 11 -1.38 -1.4 

Oo naequerrtLy , s I nc e the s i mpl est and oheapest way 

of cooling an object is by i~nersing it in an ioe-salt 

mixture, preoautions must be taken that the salt ooncen

tration of the freezin~ mixture does not alt er the s8.1~ 

conoentration of uhj tissues imrrlersed in it. The following 

method was .thought most expedient, and was used in the se 

experiments:



i 

Th e ani mal s were 00 lect ed in ill 11 j a.r s and oroug 

1t O the La b or-a t or-y , Mos t of the exp er i ments wer e performed 

r i gh t away . mhos e an mal s n ot Lmrned Ls t e l y u s ed wer e k ept .i n 

smal l gr ou ps i n j a r s a t the tempera t u e of s ea v- a t e r , Th e 

ani ma l were dri e by carefully pres s i ng t hem in fi lt er 

pa per and wer e then pre s sed i nd i v i du a l l y in smal l waxe d 

pa.per' b a gs meas u ring 2 ems. X 5 ems . 'r h e ax ed pape r wa s 

v er y thin and ( i d n o t int er f er e to a.ny appr e c i a ble ex ten t 

with t h e condu ot i on of h ee t. 'h bags W re made wa t ar 

tight oy mea n s of mall spr i ng clips and wer e immersed in 

ic e - wat er mixtur e s of d i f f e r en t temperatures. Th e ice-

V.'B.tel' s oLut ion pr-e s s ed t h e wax ed pap er evenl y on all s i d e s 

a gains t the a n ima l so t h a t all ps r t s 0 t he ani mal wer e t 

s imul ' an eo s l y co ol ed. 

The animal were s lo j e c t ed t o diff e r en t t emperatur e s 
-.l::Q-"'E:n 

0 1' di fe l' en t l ength s 0 t Lme , Af 1~ er b eLn Sil - d7 Qc: t ..il from 

h e hegu they wer e 1'JliQ.~_c~ed in small petr i di s hes c orrt aLn Ln g 

s e a wat e r at a l ow t emper a t ure and wer e examined n er the 

mt or oac op e at Lrrt e vaLa , Th e f a i l r e of t h e h ear t to resume 

pu a t i on wa s t ak en a s t f ina l c r i t er i on of dea t h . Th e 

t empe r .t u r e at which 5 f;" led Wh en s ub j e ct ed f or a giv en 

i e was taken a s t h e l e t al t emp or a ture for t hat ti e . 

The s ame anIme I s wer n ev e r u sed t wic e fo r t h es e >x pe i ment s , 

per a t ur e '/ ;.8 read. by mean s of mal l mercury ther mome t e r s 

wh t o wer e oal br a t ed ne ar-Ly ever y for t night by Prof . H. 13 . 

Bah y. 



Not all specimens of even the same species reoovered 

at the same rat e. Recovery took pl ac e in progres si ve s t ,ages • 

Generally the breathing processes were resumed first, to be 

followed by pulsations of the heart and movements of the 

thoracic legs. The heart beat usual~y waS at first irregular. 

In a number of cases the heart beats would die out after 

a few feeble attempts, though irregular twitohings of the 

legs and occasionally of the antennae would continue for 

a few hours. It is interesting to note that Br own (19299) 

ODserved that the Cladooerans which he u sed in his experiments 

"b eo ome inactive by progressive stages, that is, the bo clily 

aotivities disappear slowly so that the end point is not 

sharply defined, but when they recover from 'chill-coma' 

they do so 'all at once' 11. 



--

The r esults obtain ed f or more t ha n t wo hundred experiments 

involving nearly one t h ou sand flv e hundred animal s t end t o show 

a marked r elationship bet ween the normal living t emperatur e 

a nd t he t emperature a t hhi ch death occur3 upon cooling.The 

l ethal tempera ture of a speci es c or r esp ond 8 t o i t s habitat 

dep th - -a sp eci es \''fh i ch I i ves i n t he i nt ertida l zone where 

t h e t emperat.ur-e c vari es t o a grea t. ex tent can wi ths tand l oH 

t emperatures better t ha n a sp eci es whi ch lives i n shallow water 

wh ere the t emp er-at.u r-e . f luc tuations are only moderat e . 

Species -. Slli11mer 

Orchestia
 

" -i l io SEdt ho
 -. ..~v '.:) QA 

Coroph i um Mu-c1 flat s
 

volutator
 a t Low tide. 
(Pa.l l) • 

G n r2TJarUB Sea,weeds 

Lo cu s t.a l Ljn • ) a t low tide. 

Unciola Shallovr
 

t.r- r-or-at,a Say .
 

AmDelis ca
 Sha llov\'
 

macrocephals,
 

Li l lj e;Jorg .
 

Orcn oElenel1a 

= 

Deep wate r . 

eingvis 

(Boeck): • 
. 

I-Ia bi t at Relat ive Eo,oi tat Lethal 

Temper.:1- t ur-e • Temperature. 

Above h igh ti de Coldest . -7.0 
0 
C. 

exposed Cold. -5.8 
0 

C. 

exposed Cold. -5.2 .. c . 

-

vI a t er. '.:ec1i urn • -3.8 
0 C. 

c C.water . 1'.:ed i um. -3.5 

War;:n.er . -3.0 
0 c. 

-



It should be observ;ed that the lethal temperature and 

the freezing temperature need not necessarily be one and the 

same.The lethal temperature of an animal may be higher than 

the freezing point of the body,as in the jellyfish from the 

vicinity of Florida which cUes from cold at 7.75 ° C. to 11.8° C. 

(Mayer 1914).Or,as is shown by these experiments,the lethal 

temperature may be below the freezing point.The body~fluids 

( 0

of Qrcb~a~),~a:,agili,!! probably freezep around -2.5 o. (as does 

sea-water isotonic with the body-fluids) ,y~t the animal can 

recover from lenghhy exposure to -6.5°0. 

From Newton's law of cooling,that the rate of cooling 

of a body 1s proportional jo the temperature difference be

tween the body and its surroundings, it is evident that an 
e r) 

animal tn.ken from 5 O. and exposed to -15 O. will reach its 
Al\~ Q.$ -t: "-e a 
te......~~rQ.-h&.l'e ·of'O,Y\ Le t.haL temperature sooner than j,t would if exposed to -12 c. 
!\"\~Clt '4111\ ~i!.~eM~ " .-, ./it ' ' '\ 
011\ "t-l\'(' 1.",", tll Of • • , ~ may u.m:r.¥J:ve·..(\xjlo"Sure·~:,tQ.·extttame~lOw::' 
-Cline d: he(' be~., \ ... '
 
~1ll" 005 e& '1'0 q, tamper~turec'~.tortk:iahj)rt.c~pertOl1, o~:i.~111le:l >])u~.:, not for a' long
 
\ Ow T~~ hE' t "
 

I' rca l4,-eJ period of t+me.This is shown by the accompanying graph {Fig. 1 ) 

The average size of ~mmarus locusta is 27mm. and the average 

size of Unciola i~rorata is 15 rnm. ~.lQQU~ can withstand 

lower temperatures than can U.irrorata. To show that this 

ability is not a function of size but of the environmental 

temperature of each species,a number of small G.locusta t'mm.) 
were submitted to the same process. The curve obtained does 

not vary much from that fon the average sized G.locuata. 



Huntsman and Sparks (1924) fo~d that a relationship 

eXisted between the normal habitat temperature of ,'amphipods 

and the temperature at which death occured on heat~ng.They 

found that all individuals of the same species ce~sed bre ~thing 

movemehts at the same temperature but that each species had 

its own lethal high temperature.Similar results were 9b~~lne~ 

to 19 .)J fl. tor lamel11br a nche by Henderson (1926).The chart (Fie;.:2. J 

combines the results of Huntsman and Sparl{s wi th .h't ' l.:l\:~ I 

',(lm ! 1 "OJoI,it and shows e;raphlcally the temperature r ange which 
~ 

different species of amihf.pods can withstand and c or'eLa.t e a 
~ 

this With the relative habitat depth and habitat temperature 

of each species. 



/0 

i----

It has been shown that the ~phipoda of the 

vioinity of ~ t . Andrews, ~. B., oan endure temperatures 

which are only a few degrees below zero. Since the air 

temperature during the winter is often as low as ~25 C., 

and the tidal pools entirely frozen up, it was thought 

interesting to see the relationship between the amphipoda 

and these low winter temperatures. Through the kindness 

of the Director, Prof. A. G. Huntsman, the author was 

enabled, in Ji'ebruary 1930" to revisit the Atlantic 

Biological ;;;; t a t i on at s t . Andrews and to investigate the 

situation. 

~J;) 
Fig.3 represents diagramatically an area in whioh 

many (1. locusta a.nd ~. ~~!_l:_~~ were found during the summer. 

This same plo t was observed for nearly two weeks during 

February. The region A was throughout this time oovered 

with ice. The following observations were mad.e:

February 19th. Average air temperature 1.4
o 

C" 

minimum -1.1. Average water temperature -0.58. Region A 

covered with ioe and. soil well frozen. ~o ampbipoda of 

any kind under seaweed or in small pools in intertidal 

region B. A few Orohestia in larger pools. Many Orchestia = 
in shallow water e together wi th a few Garnm$rllS, Many

-= 



Oammar-us and a few Orchestia (small ones) in deeper water D. 

February 20th. Average air t ernper-ature 1.10 

C" minimum 

-1.1. Average water temperature -0.11. No amphipoda in B. 
"= 

Many Orchestia and f ew Ga.m.i. ~"Qru s in ~.. Many Ge.mm.b.rus and few 

Orchestia in ~. 

February 21st. Av erage air temperature 3.05°C •• minimum 

-5.5. Average wa t er temperature -9 ..16. Three Orchestia found 

in B· these never recovered. No G~rus. Many Orchestia and
=' 

few Gamm-aru s in Many Garnmqrus and few Orchestia in ~. 

Feoruary 22nd. Average air t emp eratur-e 0.05 '" C" minimum 

-5.0. Average water temperature 0.25. No amphipoda in B. 

Many Orchestia and few Gammo.r-ue in C. Many Oammqr-u s and few 
-

Orchestia in D. 

February 24 t h . Average air 't emper-atiur-e 2.95 
0 

C" minimum 

-0 .. 94. Average water temperature -0.72. A few Orchestia and 

two or three Ga.rrrrnerus in B. Many OrOhestia and a number of 
=-

Gammarus in C. Msny GSl,IrlClru8 and 'Mary few Orchestia in D.--
February 26th. Average air t ernperature -6.2° C" minimum 

-9.1. Av erage water t emperature ..0.51. No amphipod a in B• .
Very few Orchestia and no Gammarus in C. JvIa ny Orchestia and very= 
many Gamma rus in ;Q. 

February 27th. Aver-age air tempe ra.ture -4.1
b 

C" minimum 

- 9.7. Average water tempera.ture -0.5. Conditions s ame as on 

previou s day. 

Pebruary 28th. 'Eempere.ture of air in morning was -8.0° C. 

Temperature of water at that time -0.53. No amphipoda in B. 

A few Orchestia and no Gamm~ru s in C. Many Orchestia and m~ny =
Gam.m~ru s in D. 



ltV ".
 

From the observations reoorded above, it would seem 

that Orchestia goes into water on the approaoh of oold, and 

that Gammuru s leaves the intertidal pools for deeper waters 

where the temperature is higher and less variable. \Vhen 

the a.ir becomes warmer than water--ab out 3.o '--the Orchestia 

and IJ8,rmuQr u s leave the water for the warmer pools. It is 

interesting tb note that Tait (1925) observed that the 

],uropean/species of Orchestia (,al'lt_" Q.. Iittorea) seem 

to be very unhappy in water and canno t bear submersion very 

well. What they do on the approach of cold is puzzling. 

The oonditions under which Corophium volutator exist 

was also studied. During summer they inhabit the mud f'Lat s 

which are left exposed at low tide. It was observed that 

during winter a great part of these flats were covered with 

ice cakes when the tide was low and that ~u~ing cold days the 

nmd gave higher temperature readings than the little tide 

pools which froze up. On extremely oold days most of the 

Corophium were found in shallow wa t er , though a good number 

were also found under the ioe of the larger pools and a 

few buried in the mud. ~ 'Ihen the small poolS did not freeze 

Coro phium were often found in them. It mi ght be said that, 

on the" aver age , those Corophium. Which were found in sma l l 

tide pools were larger than tho se found in the mud, and that these 

in turn were larger than those f ound in the bigger bools or 

below water level. 



Experiment No.1. 

A buoket containing 15 ~. locusta in sea-water at 

O°C. was placed outdoors for 5 hours. ~h e average temperature 

of th e air was _7°C. and for the water was _2.3°0. A coat 

of ice 5 oms. thick formed on the top. All 15 a.nimals survived. 

Experiment No.2. 

A bucket containing 27 G. locusta was left outdoors 

for nearly 22i hours. Th e initial temperature of the water 

in the buoket was 0.17°C. and the final temperature was ~2.7°C. 
Q 

The average temperature of the air for the period was -4.1 C., 
..

with -9 C. as the minimum. An ioe coat of 9 ems. thickness 

wa.s f'o rrned on the surface. Si x Gamma r u s were found encased 

in this ice; when gr adu a l l y thawed out all lived. The other 

anuna'l.s were inactive on the bottom of the buc ke t , and three 

of them were found to be dead on thawing up to 4.0
o 

C. Per

centage dead = 10. 

Expe r} ment Nos. 3 to 12. 

The se ten expnriments involved the det er mi nat i on of 
of l' Q.the .L etha'l temperature1'36 Q-.. locusts" volutator I and :t g 

.. Q. BEilis by the methods already ou tlin ed. Lhe re sults may 

be compared wi t h those for the summer:

~ 

S'pec i es Lethe,l Tem!? Difference 
Summer Winter 

, - _ ..... .-"'-- - __I 

o. ~ilis -7 '.0 -6.7 0.3 

C. vo'Lu t a t or -5.8 -6.3 0.5 

G. locusta -5.2 -5.9 o:rJ, 

r
 



It will be seen that there is a different lethal temperature 

in winter than in summer. Two possible explanations tor this 

suggest themselves:- In the winter experiments the initial 

temperature of the animals before SUbjection to cold was 

lower than the ini tial t emper-atur-e of these and.mal s used in 

summer. Thi S. precooling would inorease the resistance of the 

anim~l to cold. ~his would explain the increase in the 

r ee t atance (lowering of lethal point) of Gamrnarus and Oo r aphLum 

but not the decreased resistanoe of Orchestia. A second 

expla.nation seems more likely. Just as in summer the lethal 

temperature of a species is correlated with the environmental 

temperature of that speci es, so also in winter the lethal 

temperature is proportional to the environmental t emperature. 

In summe.r the three species mentioned have different habi tats 

and different environmental tempera.tures. Bu t it has been 

seen that during winter the habitats of these speoies are 

a l l v ery much of the same nature, and that the habitat temp

erature is also very much similar in each case. It is, there

fore, possible that the approxima.tion towards a oommon winter l ethal 

temperature is due to the somewhat co~~on winter environment. 

~eriments No s. 13 to 21. 

Siuce Orohestia ~gilis lives during the summer months 

under the masses of s eaweed , which grow just above high-tide 

mark, it was thought possible that these animals might, on the 

approach of winter, dig into the soil for warmth. In winter 

this region is usually covered with extensive ice formations, 



Samples from this region, consisting of ice, the frozen 

seaweed underneath it and the aubs t r a ta of smal.L stones 

and sand were taken into the laboratory and the whole was 

carefully thawed out and washed. Of the nine testa made, 

each from a different representative area, not one showed 

any sign of any kind of amphipod, either living or dead, 

It is to b~. conoLud ed , therefore, that o. -<l,gilis does 

not burrow into the soil to hibernate there during winter~ 

Experiments Nos. 22 to 27. 

In cons id erat ion of the f'ac ts pr-eaerrted above tit 

was thought desirable to determine experimentally the 

temperatures at which t~is migration of @ 't !? ·7 and G. 

locusts, takes place. These experiments were performed at 

the Biological St a t i on and at the Zoologice.l Laboratories, 

McGill University. f~:U-.lt 

An oblong galvanized-iron having two 

compar trnerrt s separated by a parti tion was used. The following 

experiments were made. 

No. 22. Fifteen~. loousta were placed in the larger 
Cl 

oompartment (marked "'cOld," ~ in sea-water at 0 C. The portion 

ltD" was kept in the shade, whilst the rest of the box was 

in the light. G. locusta is negatively phototropic. ~he 

ani.ms.I s oollected at ItD" after a few minutes. Hot water was 

the:q. poured into the smaller oompartment (marked "hot") with

out di sturbing the box. In this way, a tempe~ature gradient 

was eatab l t shed in the "oold" compartment. Temperature 

readings were 'taken at "L" a.nd at "D'", 



- -

•':['emperature C. Beha Viour . 

L D 

o o All at r est in the shade. 

2 0.25 Ditto. 

3.25 2 2 l eave D f or L, one t ouches n t1.r t i t i on and re

maLns , the other returns t o s hade D. 

5 2.5 From 7 t o 10 move back and f orth fr om D t o L. 

9 3.25 9 are per ma nen t l y within L. 

10 4.25 About 4 Hi t h :l.n:_L. The ot h ers s eem. to pr ef er D. 

14 9 All move about actively wi thi n D, a few 80 into 

L but very s oon re t urn . 

r r, w. 

No .23. The above experiment wa s r epeat ed vli t h 9 Q- .Locus t.a, but 

thls tim.e the vrho'l e box vra s viel l illuminated. The animals were 

placed at D,th ey a t.o.yed there qui e t l y .The n the t emper-a tur'e gradi ent 

was s et up a s befo r e. 
- ~-"' -' 

e 
T emperat ~r e C. " Beha.vioy.r .
 

L It>
 1D 
I 
,!, Al l a t rest in D. 

2 

00 

,
I 

Dit to.1 
', 

" 

1.53 

1.753.25 

2.54.75 

5 h 3. 25 • ..J 

8 4.25 
bI .. 

I 6 ,0·5 

3 in L 

5 i n L. All S O Clil t o hug t h e p er t i t i on . 

7 in L. All in clos e vic inity o f par t i t i on . 

All move a oout i n L.
 

An'ima Ls move "Da ck and f ,:;rth, tn .lw:.t:.h L anCl.. D.
 

D~ ·rt o . 
D, -to t' .0 . 

-



locu s t ~ were p18ced i n L. 

Te. tp81.'"'a t ure C: Behavi our. 

L D. 

•25 .25 Al l a t r e st i n L . 

2.5 1 -':os t of them move around i n vicini t y of L ~ 

3.5 Di tto . 

5 3.5 Al l mOVG "back and. f or t h in both L and D. 

Ditto .7 

11 Di t t o . 

No . 25 . G .l ocu s t c:~o placed i n L. "'[hol e box kept i n clark . Tenlp 
,r" 

era ture gradi ent se t up as bef or e. 

Temp el" a t u r e C~ Behaviou.r . 

L. D. 

o o All a t re s t in L. 

2 0.5 Di t t o . 

3 1.5 Nos t of t h em move a rount i "! vicini t y of L. 

4.75 3.0 :Move ba ck a nd f orth in oa t h L an,:1 D. 

6 3 .75 ~i t t o. 

8 .75 4. 25 Di t to . 

11.5 6 Di t t o. 

No. 26. 8 ~ . locus ta placed i n D which was kep t shaded whi ls t L 

was kep t in t h e l i ght. No temperature gr ad ien t was es t abl i shed a s 

in the pr e vi ous cxper-t men t s , i nstc2vd t h e whol e box was gr aduall y 

warmed from undorneath . 
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Temp. C~for D.and L. Behavi our. 

-0.25 

1 

2.5 

3.5 

4.75 

6 

9 

All at r est in D. 

Ditto 

Nove about uithin limits of D. 

Ditto. 

Di tt o . 

Ditto. 

Ditto. 

No.27. 6 G. l~cu st a pl a ced in~L whi ch was kep t i n the light. 

D wa s ~haded.Box gr adua l l y h eat ed as i n e:Q eriment No.2 6. 

Behavi our . 

At r est i n L. 

Ditto. 

Temp. C:,~or D a nd L. 

?!l:ove abou t in L.2.75 
-r-,tli gr a t ed into shaded regi on J) . 

5 

3.75 

Nove about wi t hi n limit s of D. 

Di t to . 

Ditto. 

6.5 

From the ;p-esu:lts j.of · t.h erabove six experi ment s i t woul d s ee m 

t hat G· .locusta begi ns to :ni i;;rat e int o warme r '.'la t er du r i nG au t- umn 

and a i r of the intertidal r egi on r eaches 3 
o

t o 5 
0 c. 

'l'ne InOY8Ii1ent back t o t he int erti dG',l r esi on probabl y t a kes pl a c e 

when t he wat er is 3 ~ t 0 5°C. a nd the intertidal r eGi on is V:8.r ruer , 

t he f ollmving diagr a r::li' (F1.3. 5);



NATURE AND CAU ~L OF DEA1I H. 

The various explanations advanced on the nature 
low tE'n'I rt> rCl+~ r e s 

and cause of death due to froos; 199 ma.y be oonsidered .as 

falling into three olasses:-(r),as due to formation of ice 

crystals with resulting mechanioal injury, (rL' as due to 
~'"i"'O\4..~.t . . • 

lo ss of wa t e r ~ "bhanges in cell-membrane permeability 

thus concentrating the salts up to a toxic point, and(rII}
_. / J 

as du e to irreversible precipitation of the protoplasmic 

colloids. 

It has been ob served that in nearly all cas es 

death of ve getable cells due to freezing i s a ssociated 

with formation of ice crystal s. Pf ef f er (1904) and Kylin 

(1917) sh owed that dea t h at a gi ven temperature will oc cur 

if ice crystal s are formed, but that if no crystal s are 

formed t h e cells wi l l survive expo sure to that temperature. 

Th es e cry stal s, if formed. appear either within or out si de 

of the cella/ / sachS (1864) found that the water was wi t h 

drawn from the cell and fro ze mostly in t h e interoellular 

s pa c es . Me Kay and 1Peld (1926) working on the muscle c e l ls 

of hake and cod noticed the formation of ice crystals on 

freezing, and Wel d (19 27) showed that the s iz e of th ese 

crystals dep ende d on the rate o~ freezing (the quicker the 

fr ee Zing, the sma l ler the crystals), on the thi ckne ss of 

the muscle (thi s is really an expres sion of the rat e of 

conduction). and on the lo cality f rom wh i ch the mus cle 

i s t ak en ( s amples f r onl the per iphery show smal l er crystal s 

than tho se t aken from the depths of the fi sh ). All the se 



workers claim that the ice crystals, . whether within the 

cell or in the intercellular spaoes, will, if large enough, 

rupture the cell wa'l l , McKay and We l d (1926) and Weld (1927) 

ahowed tha.t if the tis sue is frozen very rapidly, only very 

sma l l . ice crystals will form and will not cause rupture. 

N~geli (,~61) calculated the expansion on freezing of the 

total water content of a (plant) cell and found that the 

re sulting volume would be insufficient to cause rupture 

of th e cell wall. 

If i* i s the formation of ice crystal b and the 

reSUlting rupture of the cell whi ch cause s death, then if 

the tis sue is dehydrated su f f i c i en t l y to ensure the non-

formation of ice crystal s, the tissue ought to be able to 

survi ve tho s e temperatures whi ch normally cause dea t h , 

Kuhne (1864) dehydrated s ome Tradesoantia hairs and rapidly 

froze them at -14 
o

O. After exposure of five minute s he 

f ound 't ha t protoplasmic strea)t)~ was re sumed ten minutes 

later. It ha s often been Shown that seed s which have been 

dehydrated can be SUb j e ct ed for variou s len8~s of time to 

temperatures b el ow -100
-0

O. and yet not b e killed. Rahm (I:gp..t) 

f ound that nematodes and retifers which were dried were not 
I , (j 

/ . 
killed by a temperature 8.S low as ~/ };layne -271.8°C/ (192'l.q) 

dehydrated the Lar-vae of the Medi t er r an ean meal moth with 

calcium chloride, and f ound that they can endure -15 C" 

whereas normally they cannot endure 0°0. Mi s s Payne also 

showed (19 27~ ) that the Japane se Bee t l e will withstand 

-28 C. if experimentally dehydrated to half it s body weight, 



whereas Ludwig (1928) showed that the n OrJllal illdivi. c1v.2.1

cannot survive the freezing process. Most non-rngr-atory 

insects of northern districts spend the winter months in 

hibernation at temperatures which would kill them if they were 

in the active state'Kirby and Spence,1818)~ Breitenbecher(1918) 

has shown that hibernation in the potato beetle is associated 

with low moisture content. Payne (1926,1927a,1927b) has been able 

to induce hibernation during surmaer by dessicating the insect and 

finds that the dessicated insect has the same lethal point that Lt 

has during winter. An objection to the theory that de ath by cold 

is due to ic e crystal formation is that in many animals deatJ:1 viill 

occur when the temperature has not been lowered sufficiently for 

ice cr~stals to form. The jelly-fish fruro Florida dies when it 

is cooled to only 7.75 C.(Mayer,1914)~ 

Mul ler - Thurgau (1880) held that there is no fre ezing to dea t h 

without the forr~tion of ic e crystals,and that death follows 

crystal f'ormcdi on.He concluded (H380 and 1886) that as ice forms, 

the salt concentrati on of the rest of the prot oplasm increases 

until the lethal point is r eached. Molisch (1897) supported this 

thGory.l~ximow 11914) holds the same theory but adds that the 

'i ce crystals pr oduce a mechanical ef f ec t on the c ol l oi ds of 

pr otopl a s m. He (1912) notic ed i njury of the pl a sma membrane which 

was due to alterations in pe r meabi l i t y at time of freezing. 

lIol l i e.r cl. (1902) and"~€tcharawa (1926) describe the formation of 

vacuoles in both the cytoplasm and the nucleus of cells killed by 

cold. TheDe vacuoles are possibly due to increased salt content, 

. ,~ ~ 

~ ... , } ! .. • c.1 - . ...J 



but t h ey Day also be due t o the for rr~tion of minut e ice crystals. 

The i;Iul ler - Thurgau theory s eems t o be opposed by the YTo l~k of 

Pay-De and ot ,her s ( s ee a bove). It 118. S been sh own tha t the 

r esistanc e of an an imal t o deat h by cold i 8 increas ed by 

des s~tt i ~lG t h e anima l . This process wi l l Ln cr- ea. s e t he salt 
~.

concentr~t1on i n the cells.to a p oi nt a s 6rea ~tl f not grea ter t hq n, 

~. by t he f orma t i on of ice crystals. And ye t thi s concent~ a tion 

i s n ot t oxic.On t he oth er hand the f ormation of ice crystals 

in a cell will lower t h e fr e ezing point by t he r esulting increase 

in t h e s alt concentrat i on. 

Gorl(e (1 906) bel~e"ed that d ea t.h by col d i s due to the 

irreversi bl e pr ecipi t a tion of pr ot ei ns ,. Lidforss (1907 ) and shortly 

l ater Schaffrit (1 910) not ed that cells expos ed t o low t emperatures 

show a n Lnc r ea ae.Lln sugar concentrat ion. They h eld that t his act s 

t o protec t t he prot ei n s f r om precipi t a t i on . However,the increas e 

of sUGar wi l l a l so l ower the f r eezing poi nt . It i s po ss ibl e that 

dea th fr om cdld exposure is due only to i ncrea s ed viscosity and 

s ubsequen t co agulat i on . This would be the case of dea th of tissues 

a t t emper2tures above the fr eezi n~ p oint of the cell cont ents, 

Heilbrunn (1926) foun d that the vi s cos i ty of Cumingia eS3S decreas e s 

wi t h t emperature unt i l about 2 C. is r eached , 8.ft er whi ch furth er 

lowering sud.d enly increase s t h e vi s co s i ty . He bGi.ieves this is d UG 

1:, 0 a phy s i cal change of the cell lipoids. Yilli5h t (1922) repea tly 

r efroz e a nd t hawed 'L ho same bat ch of bugs and f ound t hat the 

f ree z i nG p oint i s gr a dua l l y r aised in each SUbsequent freezing. 

This would s e en t o i ndicat e that dea t h is of a c ol Lod da.l na t ure , 

s i nce thi s dupl ica te s the well-knovm phen omena of s et t.L n g of' 

colloids. If deat h i s r eally du e to a coa gUlat ion of the 



protoplasmic colloids,one woul d expect the tis sue t o be rigid 

and. stiff. The a ut h or ha s been unable to find any r-e f e r-enc e to 

such a c onditioil i n the literature c onsulted. In my own experiments 

t he animals on being gr aduB.l l y thawed out showed , in the cases 

wh ere t h ey did not surviv8,no sUQh rigidity. 



lila I

./ 

1/ The lethal temperatures of varfuous speci es of amphipoda occU{ing 

in the vicinity of St.Andrews,N.B.,were determdned.The results 

show a marked. r elationship between the normal habl t.a t t euperature 

and the temperature at vUlich death occurs uppn cooling. 

2/ Observations during winter ah ow that 0 .agilis ,a shore form, and 

G.locusta~an intertidal form, oath migrate into warmer water for 

the winter. C.volutator,another intertidal form,was also studied. 

3/ The l ethal temperatures of the above three species dUring winter 

differ from tllose for sQmmer.The death temperatures for winter 

li e closer together;it is suggest ed that this is due to the some

what common wint er environment. 

4/ O.agilis does not diS into the soil to hibernate during wi nt e r . 

5/ G.locusta probably be Gins to migr2.te t :Q':,warrIler regions when the 

intertidal zone reaches 3 to 5 C. 

6/ Three the ories on the nature and cause of death by cold are gi ven . 

The author's t.hanks are due to Prof.A.G.Huntsman for his 

constant kiuQ interest and aid in these experiments,to Prof.A. 

Wi l l ey for cr-t ticism and help in identifyil15 the spec Les I and 

to Capt. E. Rigby for providin5 accomodations durinG February. 
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EXPLANATIONS OF 'I' :rU~ DIAGRAl1S Al\m FIGURES. 

Fig.JL . ............
 ~. 

for a given time to that temperature. Shows that t h e 8-1)11 i ty 

to resist low t emperatures is a function of the environment 

and not of size. 

Fig.2. Correlating the t e moe r-a't ur'e range whf.ch different species--=--:::=:

Of amphipoda c ~n ~ i th3 tqnd with their relative habitat depth and 

ha bi t a t t emperature. The black r epresents the author's r esults, 

the dotted blocks r-epr-ca e rrt t.h e result s of Huut DJlt'"'.n and Sp2,rks(1924), 

The lined block for O.locusta ifl onl y a pr obabl e one based on 

experiments on other species,the true lethal t e mperature (hiGh) 

was not r~_ determined 

Fig.3. Cross-section of a reGion s t ud l.ed in Pe br-ua r-y . The zone flA If 

= 
was c on s t an t l y c overed c w~th i ce . 

~G.4. 'l'emp er a t ur e gr a d i en t box. 

the direction of movn nerrt .The animals cross and. r ecross t he Low 
~ Q . 

wa ter mark wh en the intertidal t e mperature rea che s 3 to 5 C. (Spring 

and Autumn) • 
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