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ABSTRACT

Boreal chorus frogs, Pseudacris triseriata maculata

captured in spring and fal1 and acclimated to cold temperatures

(0"c) had lower plasma ionic concenËrations than frogs acclímated

Ëo 5 or 10"C, although the overall body water content did not

vary significantly over the various acclimations.

Frogs captured in the fall had a higher plasma osmolality

Ëhan spríng frogs, buË the spring frogs had a significantly

higher total body water contenË Ëhan the fall frogs which could

explain the decrease in plasma osmolality. Increased plasma

osmolalíty seems to be correlated wíth hígher chloride ion

levels.

trriater content ín ísolated t.issues \iras higher in 0oC

acclimaËed frogs Ëhan in 10oC frogs, although a significant

difference r¡ras found only in Ëhe muscle.

Chorus frogs were found to supercool to a temperature of

-3.25"C in the laboratory.

The physiological changes observed were related to the

anímalts ability Ëo survive Ëhe freezlng Ëemperatures of a

Manit.oba r{int.er.
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]NTRODUCTION

The boreal chorus frog Pseudacris triseriata macurata has

a broad distríbution, rangíng from Northern onËario to Great Bear

Lake in canada, south through colorado and utah and íntergrades

with the rùesLern chorus frog in a broad band extending from the

norËhern peninsula of Michigan to Nebraska (conant, 195g). rt is

the northern-most of all the chorus frogs and is also the most

comrnon frog found ín ManiËoba.

These frogs are small , 2.0 to 2.8 cm (Conant, 1958) and

tend to be secretive. They are semi-terresËrial and seem to share

the same habitats as the wood frog, Rana sylvâtica. During the

breedíng season (from mid-April to mid-May in Manitoba) they are

found in or near Ëemporary, shallow bodies of water. After the

breeding season they tend to disperse and are found in grassy

meadows and the edges of wooded areas whích are adjacent Ëo dried

up ponds and marshes. By early september they are clifficult to

locate.

There is 1íttle information about the sites of over-

wintering of the boreal chorus frog. Blanchard (1933) collecr-

ing in southern Míchígan in November, 1931 found a number of

ainphibians including Pseudacris nigrita (=:ri"=.i=I") i,

compact groups under 1ítter in small depressions or caviÈies in

the ground. Because of the time of year and the cold weather, he



assumed thís was theír overwinteríng site.

In Manitoba, poikilotherms that overwinter on land face

Ëhe danger of environmental temperatures which may freeze their

body fluids. Because a few specimens of Pseudacris which ruere

collected in 1aËe fall and early spring have been located Ín

crevices in the soil or under litter and debris, overwintering

at or just beneath the soil-snow interface seenìs most likely.

Although air temperatures may go much below 0oC during the

winter months, the ground temperatures just below litter may not

if the sno\¡r cover ís adequate. However íf the snol,,/ cover ís not

sufficíent or if there is an excessívely long period during late

auturnn when there is no snow and the air temperature is less

than that of the soil, these animals would be subjected to

temperatures whích could result in freezíng and subsequent death.

The exposure of poikílotherms to low temperatures may

or may not result in Ëhe freezing of intersËitía1 and intracellular

body fluids. Ice formaËion in a variety of poikílotherns has

been shown to be delayed or prevented in Ëhe following ways:

(1) VitrificaËion

Ice formation below zero can be prevented by very rapid

cooling resulËing in the formation of very tiny ice crystals or

an amorphous solid (Hoar, L966).



The survival of vinegar eels and frog spermatazoa

subjected to-190oC by immersion in liquid air was found to be

dependent on vitrification and devitrification (Luyet and

Hartung, I94L a,b), but apparently iË is technícally impos-

sible to cool animals larger than vinegar eels wíth sufficient

speed to ensure vitrifÍcation of theÍr body water at very loru

temperatures.

(2) Supercooling

Lowe et al. (1970) define supercooling as the metastable

condition ín which the tissue temperature is below its freezing

(melting) point without Ëhe formatíon of,ice. As the temperature

drops it passes an infinite number of supercooling points until

a lírnit is reached and f.reezing ensues. But ice formation will

occur rapídly if the fluid is seeded wíth an ice crystal or if

iË is agita-ted (Hoar, L966).

Supercooling occurs ín a number of species of invertebrates

as well as in fish and reptíles. Among invertebrates the larvae

of the wheat-stem sawfly Cephus cinctus will supercool between

-20o and -32.7"C before freezíng (Salt, 1950). The ionger the

period ín the supercooled state, the greater the probability of

fxeezíng. But Barnes et al. (1956, L957) found that the larvae

of the European corn borer Pyrausta nubilalis collected during

r¿ínter and early spring survived supercooling to -29o and sub-



sequent freezi.ng to the same temperature. During the summer

and early autumn however, their cold-hardiness decreased so that

they díd not tolerate being frozen after supercooling.

Scholander et aL. (1957) found boËtom dwelling físh off

the Northemlabrador coast had a plasma freezíng poínË of -0.9"

to -1 .OoC and yet they lived Ín r,¡ater at a temperature of -1.7'C

all year round. Thus they \i/ere supercooled by -0.7"C; but they

r¿ere in no danger of beíng seeded because ice formatíon did not

reach the depths at whi-ch they lived.

Lowe et al. (f970) sraËed thaË reptiles are also able to

escape Ëhe lethal effects of freezing by supercooling the entire

body to as low as -8"C, 2 Lo 8oC below the freezing poínt of body

tissues (ca. -0.6'C)

(3) fncreased Solute Concentration:

An increase ín the solute concentration of the body fluids

of insects, fish and repËi1es exposed to f.reezíng temperatures is

a well documented phenomenon.

Scholander et al. (L957) found rhat shallow r^¡ater fish

(cod and sculpin) off the coasË of Labrador which r^rere super-

cooled but in danger of becomíng seeded, had osmoconcentratíons

that were Ëwíce as hígh as those in sunrner. They were almost

ísosmotic wiËh sea i^zater although they stil1 supercooled from

-0.2" to -0.40c.



Many subarctic and a fernr temperaLe-zorLe marine fish livins

at 1ow temperatures have elevated chloride concentration (Prosser

et aL., L97O), but cold temperatures do not cause an increase in

íon levels ín all species of fish. Goldfish acclímated to 5oC

had significantly lower plasma values of Na*, K* and Cl- than in

15" and 25"C físh, suggesting that lower concentrations may be

a compensation to reduced osmotic work (Prosser et aI., L970).

Freshwater fish have either reduced or unaltered plasma Na* and

CL- concentrations when acclimated to low temperatures (Híckman,

er al. L964).

Scholander (L957) found that in the summer, chloride

(halides) account.ed for approximately 80% of the osmotíc pressure

in both deep and shallow vraËer Labrador fish. When the fish were

transferred from \^iarm surface \^raEer to deep cold water (-1.73"C),

the total osmotic concentration increased, but the chloride rise

was small and chlorídes only contríbuted 507" of the total Í.reez-

ing point of the plasma.

Binyon and Twígg (f965) found very slight hemoconcentration

in Natrix naËríx, Ëhe grass snake during winter torpor arrd Zain-

ul-Abedin et al. (f969) found indicatíons of hemoconcentration

in the Lizard UromasËix hardwicki during the hibernating state.

The increase in body fluid solute

eiËher active or passive. The animal may

concenLration may be

be actively making



physiological adjustments to resist freeztng, or the increase ín

solute may be Ëhe result of dehydration í.e. environmental factors

are causing the changes.

(4) Antif reeze Productíon

Another active adjustment some animals make Ín order to

tolerate f.reezing is the productíon of an anlifreeze such as

glycerol. Glycerol is a viscous liquíd which is miscible with

\n/aËer (t^Ihite, Handler and Smith, 1968). Because of its high

viscosíËy it has a strong tendency Ëo supercool. Small amounËs

of r^/aËer depress its freezing poínt and conversely it depresses

the freezing point of water, thus facilitating supercooling.

Salt (f959, 1961) showed Ëhat glycerol accumulared in

concentrations up to 5 mola1 in Bracon cephi, an insect parasite

of the wheat-stem sawfly which tolerates extremely cold temp-

eratures.

Glycerol has another function; it also acËs as a "salt

buffer", preventing strong salt concentrations from damaging

cells (Lovelock, 1954; Barrington, 1968).

Recently De Vries et aL. (1970) have isolaËed glyco-

proteins from the blood of Antarctic fish r¿hich can depress Ëhe

freezíng point of water more than would be expected on Ëhe basis

of the number of particles present in solution. De Vries (L97L)

has proposed ËhaË the unusual behavior of Ëhese glycoproËeins



can be explained by their being adsorbed onto the surface of

íce crystals thereby preventing \¡/ater molecules from joiníng

ice lattice and effectively removing the ice crystals as

nucleation sites.

If poikilotherm cannot resist freezíng, the formatj-on of

íce can af f ect Ëhe animal ín two r¡/ays:

(f) by the crystals causing a structural breakdovm within

the cells;

(2) by raising the electrolyte concentraËion in the

remaining body fluids causing the denaturatíon of

proteins and the dissolving of lipoproteíns (Hoar,

1966).

Lovelock (1954) states that ce1ls which are highly per-

meable to Trater and cells r^ihich have high surface to volume ratios

lose rvater as freezíng progresses at a rate sufficient to maín-

Ëaín Ëhe freezing point of their interior contents aX or a little

above Ëhat of theír suspendíng fluid. By the time the medium has

concentrated to saËuraËion the electrolyte levels r,rithin the cell

will be high enough to prerrent freeztng. But these high electro-

lyte concentrations may be detrimental to the cel1s.

Ling (1967) reviewing the effects of cooling and f.reezLng

on living cells staËed that ice formation does not extend ínto

the cells except those that are dead or injured. No specific

the

the



example vras given, but he concluded that the ce11 membrane acts

as a barrier to ice formation. Also, the increasing electrolyte

coricentrations may be preventing intracellular ice formation.

I{.aetz (1968) in a review of salt and l,raLer metabolism in

lower vertebrates noted that in amphibians, cellular fluid

volume is maintained at the expense of extracellular fluids during

dehydration. But it has also been found that amphibians have the

ability Ëo withstand desiccatíon because of a remarkable tolerance

of the tíssues to changes in osmotic concerit.ration. Mcclanahan

(1964) found that two desert toads, Scaphiopus couchi and Bufo

cognatus had a hígh tolerance to increased intracellular ioníc

concentration. Schrnid (1965) found that terrestrial anurans

had a greater tolerance to desiccation than aquatic frogs.

Pseudacris nigrita (=gli9gliglg)was found to be rhe mosr roleranr

to desiccation of all the frogs and toads tested, even more so

than the toads Bufo americanus and Bufo hemiophrys.

Sínce al1 evidence indicates that the boreal chorus frog

would be subjected to temperatures below t)oC,they probably make

some physiological adapËatíons that would be advantageous to their

survival. The most logical adaptaËion r¿ould be to íncrease

actively or passíve1y, the osmotíc concentration of the body

fluids thereby lowering tlne freezing point. Thus the physio-

logical basis of overwintering was ínvestigated wíËh reference Ëo



the effect of varying seasonal and experimental temperatures

and photoperiods on:

(f) the total body water content of the animal

(2) the freezing point depression of the body fluids, and

(3) specific j-on 1evels in the plasma.

The ability of the animal Lo supercool was also examined.



10

MATERIALS AND }MTHODS

l. Experimental Anímals

Preliminary experiments were performed on breeding chorus

frogs collected from dítches and flooded fields in the vicinity

of inlinnipeg, Manítoba between April L9 and 22, L972. subsequent

experÍment.s that year used frogs collected in míd-Augusl L972

from pasturelands in the viciniËy of Lake Minnedosa, Manitoba.

These frogs will be referred to as "fa1l animals".

E>,perimenËs in the spring of. 1973 were performed usíng

breeding frogs caught on April 19, L973 near the seine River in

ïnlinnipeg. These animals will be referred to as "spring frogsr'.

No distinction was made between age and sex, although the

majority of the animals r¿ere male. All frogs were kept in vented

plastic boxes (10 to 20 per box) on a substrate of moist silica

sand. The frogs had free access to \^rater but were not fed before

or during any experiments. Tap \4rater (0.5 to 1.0 pprn chlorine)

was used rather than dechlorinated \.^/ater to check fungal

ínfectíon which occurred quíte frequently.

Frogs kept at low temperatures r,.rere provided with a sub-

strate of moist soil and leaf litter.

After capture the fall frogs were kept at 10oC, LZL-L2D

photoperiod before final acclimation. Spring frogs were held at

BoC, 13L-1lD photoperiod for four days and then dropped to 5oC
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)

for ten more days where upon final acclimations were made

Acclimations

(A) Preliminary Experíment

rn subsequent experiments Ëotal body water content of the

frogs held at various temperature and photoperiod regimes \^ras to

be determined. As all frogs were not fed there was the possibilíty

thaË the starvation would mask the effects of the acclimatíons.

For thÍs reason a number of animals that were capËured. in Ëhe

spring of L972 were acclimated at 10oc, LZL-L2D for approximately

3 months. This was the híghest temperature to be used in all

other experíments, so the rate of meËabolism would presumably

be greaËer at this temperature than at lower ones. Total body

T,,/ater percentage \^ras determined by weight change of frogs af ter

desiccation. These observations r¡rere made at capture and aL

2 r,reek intervals f or 3 months.

(B) Fal1 Frogs

To see if there i^ras any effect of temperature and photo-

period on the water content and plasma osmolality of fa1l frogs

a series of 6 combinations of temperature and photoperiod were

set up simultaneously (raute r). A1l acclimations were done ín

controlled environment chambers with Ëemperature variations of

+l .0'c. The frogs acclimated to Ooc i^zere pre-acclimated to 5oc

for 1 week before the actual 0"C acclimation was done.



72

Table I. A summary of the acclimations used in the various

experiments.



T
ab

le
 I

E
xp

er
im

en
t

T
itl

e

1.
S

ta
rv

at
io

n 
5-

10
 a

ni
m

al
s

/s
am

pl
e 

pe
rio

d

S
am

pl
e

S
iz

e 
(t

t)

F
a1

1

P
re

ac
cl

im
at

io
n

T
em

pe
ra

tu
re

 P
ho

to
pe

rio
d 

T
im

e
C

o 
(d

ay
s)

10 10 10 10 10 10 10 10

S
pr

in
g

A
cc

lim
at

io
n 

S
ar

np
lin

g
T

em
pe

ra
tu

re
 P

ho
to

pe
rio

d 
T

im
e 

pe
rio

d
C

o 
(d

ay
s)

 (
da

ys
)

I2
L_

Lz
D

I2
L_

Lz
D

13
L-

11
D

13
L-

11
D

( 5

10
L2

L-
I2

D

10 10

5 5 0 0

0 
- 

90
 A

ni
m

al
s 

w
er

e
sa

m
pl

ed
 in

 t
he

fie
ld

 
an

d 
su

b-
se

qu
en

tly
 a

t 
2

w
ee

lc
 in

te
rv

al
s

fo
r 

3 
m

on
th

s

L2
L-

I2
D

0L
-2

4D

72
L-

L2
D

0L
-2

4D

Iz
L-

T
2D

0L
-2

4D

L2
L_

L2
D

B
L_

16
D

10 10

10

U

L6 L6 L6 L6 L6 L6 L7 L7

A
ll 

an
im

al
s 

w
er

e
sa

m
pl

ed
 a

t 
th

e
en

d 
of

 t
he

 a
c-

cl
im

at
io

n 
pe

rio
d

A
1l

 a
ní

m
al

s 
w

er
e

sa
m

pl
ed

 a
t 

th
e

en
d 

of
 t

he
 a

c-
cl

im
at

ío
n 

pe
rí

od
.



13

(C) Spring Frogs

Again, temperatures and photoperíod accrimations v/ere

simultaneously set up. But this time more natural conditions

rvere sÍmulated instead of extremes. Also the number of acclima-

tions \^rere restricted due to lack of facílities (Table r).

3. Sampling Procedure

Inrhen acclimatíons \¡rere completed the frogs were individual-

1y surface dried and weighed in plastic bags. Before weighing

gentle pressure was applíed to the lower abdomen to eliminate

any urine from the bladder.

After weighing, blood samples i¿ere obtained by cutting

the femoral vein and artery in the thigh and the blood was co1-

lected ín heparínized microhematocrít capílrary tubes which were

immediately sealed and kept cool. The brood samples were

cenËrifuged in an rnternational rEC micro-capillary centrífuge

at 1500 x G for 3 mínutes and the plasma rv-as collected again in

heparinized capillary tubes. Each plasma sample (5 to 10 u 1)

was moved to Ëhe centre of the capillary tube Ëo a11ow f.or air

spaces on both sides and Ehe tubes were sealed rvith micro-

hematocrít tube closures. The capíllary tubes r^/eïe put in capped

plastic test tubes and were immedíately f.rozen for analysis at a
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later date.

Af ter the blood samples were drarnm the frogs rvere then

kílled and put in a drying oven at approximately l05oc and r¿ere

dried untíl constant weights were obtained (24 hours). They were

then put in a box containing calcium chloride and weighed to

0.1 mg.

In the case of the "spring frogs" after Ëotal wet weíghts

were determined, heart, 1iver, forelegs and hind legs were

removed and placed in pre-weighed glass vials with stoppers.

The remaining carcass rnras wrapped in pre-weíghed aluminium foil

on which the dissectíons were done. All tissues and the carcasses

were weighed to determine the r^ret weights. The vial stoppers

were then removed and the pieces of foil on which the carcasses

lay were unwrapped; the vials and foíl containing the tíssue and

remaíning carcasses r/rere put in the oven at 100"C and dríed untí1

consËant weights rrrere determined (24 hours) . Al1 weíghing was

done as quíckly as possíble to minimize r¡rater evaporation from

wet tíssues and absorption of moisture by dry tíssues.

4. Osmolality Determinations

The ionic concentrations of the plasma samples were

determined by the comparaËive melting point meËhod (Gross, L954;

Schmíd, 1965).

Frozert capillary tubes containíng standards of 0.22, 0.20,
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0.18, 0.16, 0.14 and 0.12 rnolal NaCl as well as 2 frozen plasma

samples \^/ere set on a plexiglass rack and the rack was submerged

in a 25% alcohol bath that had previously been chilled to -5.OoC

wíth dry ice. The volumes of standards/tube equalled the volumes

of the samples.

The alcohol bath (Figure 1) agitated

sEirer rr/as r¡rarmed up at the rate of loC per

by an

20 to

electric

25 minutes

trrIhen the frozen samples were observed using transmitted

light and crossed polarizing filters, they fluoresced white

agaínst a dark blue background. As the samples melted the

fluorescence decreased, thus making it easy to deËermine i¿hen

the samples melted. The melËing point was Ëaken at the time aË

which approximately 901l of the sample had melted.

As the bath warmed up, the standards melted in order of

concentration. The osmolalities of the unknovms were determined

by interpolaËion of the graph of osmolalities of standards vs.

inelting times. The graph should theoretically, be a sËraight

line, so a línear regression analysís was performed to obtain

the best straight line from the sLandard results. All plasma

osmolaliËies were Ëhen expressed ín terms of NaCl molality.

Ion Determinations

Chloride determinations were done using a Type C1Ol

titration electrolyte for a Radíometer ËiËrator Type CMI20.
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Figure l. Apparatus used for f.reezing point deËerminations.

By using crossed polaroíd lenses and transmítted 1ight, the

frozen standard salt solutions and plasma samples glowed

against a dark blue background makíng iË easy to observe

rnelting Ëimes. This diagram is approximately L/3 tlne

actual size.
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Sodium and potassium determinations l,rere made using an Instru-

menËation Laboratory IL 143 Digital flame photometer.

Appropriate dilutions \,üere made for both machines. In

some instances it was necessary to pool samples to obtain enough

plasma for the proper dilutions.

There was the possibility thaË the capillary tubes ín

which the plasma samples rüere stored had been treated with

sodium heparín by the manufacturer. Sodium and poËassium

determinations were done on blank Ëubes and the amount of

sodium vras found Ëo be negligible (Na+ x = 1.96 + 0.07 rnequiv/

1; K+ i = 0.1 t 0.02 mequiv/L).

6. Supercoolíng Method

Supercooling and freezíng points were done on live

animals by inserËing a YSI 402 probe in the esophagus of the

animal. The frog and probe were then taped to a cardboard disc

and put into a 2 L/2 x 3 L/2 inch plastic jar which was Ëhen

stoppered. A YSI Model 42SC teleËhermomeËer and YSI Model 81

dual channel recorder were used Ëo record body tenperatures.

The jar vras then submerged in a Neslab Bath Cooler PBC-2 con-

taining ethylene glycol aË the temperature at which the ani-mal

had been acclímated (0" or 5oC). As these temperatures T¡/ere

quite low, oxygen consumpËion would also be low, so no

provision was made for supplying air to the animals.
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In the bath, the body temperature of the animal was

allowed to stabilLze for half an hour, and then the bath

temperature r¡/as decreased 2"C per half hour until first the

supercooling limit and then the freezing poinË of the aníma1 was

reached.

When the frog was removed from the container it was placed

on its back on a rret paper towel. If it showed signs of life

i.e. the heart T,{as still beating, the Ëime íË took the animal

to right Ítself r¿as recorded.
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RESULTS

1. Starvation Experiment

During a 3 month period there !/as no effect of starvation

on the T,^rater contenË of the frogs (Figure 2) . A one-way

analysís of varíance showed there Tras rìo signíficant change in

the water contents (P).05) during Ëhis time (see Appendix A

for statístical analysís) , although there \rras an upward. trend

af.ter approximately one month of starvation.

Since all further experiments r^7ere carried out on

animals that were herd for less Ëhan 3 months, starvaÉion would

not ef fect their r¡/ater contents.

2. Fal1 Frog Acclimations

Six acclimations r,rere set up simultaneously for 16 days

(10 frogs/treatrnent) to tesL the effect of temperatures and

photoperiod on Ëhe percentage body water, plasma osmolality and

plasma chloride levels.

A. ülater Content

There were no signifícanË trends in the results (Table II).

A two-way analysis of variance showed that acclimation temperature

alone and photoperiod alone do not have an effecË on the \,rater

contents of the frogs, but there is a signíficant interactíon

effect at P(.05. Duncanfs New Multiple Range Test showed that

Ëhe water contenË of the 10'c 12L-12D frogs was signíficantly

higher than the ü7ater content of the 5"C OL-24D frogs. See Appendix

B (III) for the statístical analysís.
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ltigure 2. The effects of sËarvatíon

\^raËer of the chorus f rog, Psêúdacrís

The numbers in brackets indicate the

the vertical bars represent tine 95%

on the percenË body

triserata maculata.

sample síze (n) and

confidence intervals.
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Table II. The

on

effect of acclimation
the total \,vater content

Ëemperature and photoperiod

of chorus frogs.

Acclimation
Temperature ("C) Photoperiod

Body Percentage Body
(e. ) I¡Iater (Z)

; + s.E.

Average
I^leight

10

0L-24D

L2L_L2D

0L-24D

LzL-I2D

0L-24D

TzL-L2D

10 rl.5015

10 0.4864

10 0.4313

10 0.4664

10 0.5039

10 0.3691

80. 6183

79.0026

78.3r05

79.7940

78.8942

80. 6480

0.5584

0.6432

0. 7884

0.7695

0. 5819

0.3260
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B. Osnolality

There r.4ras a trend of decreasing plasma osmolalíty with

decreasing temperature (Figure 3). A two-way analysís of variance

(for unequal sample size) shor^¡ed a significant effect of temp-

erature, and an interaction of temperature and photoperíod at

e(Of (appendix B (Ib, IV, V) . The least significant difference

method \^ras used to determine vrhich Ëemperature and photoperiod

acclimation pairs díffered sígnÍficantly. At the OL-24D photo-

period, the 10"C mean plasma osmolality r¡ias signifícantfy (P(.05)

higher than the OoC and 5oC values. At the I2L-L2D phoËoperiod,

the 5oC mean plasma osrnolality was sígnificantly (P(.05) hígher

than the OoC value. See Appendix B (V) for the comparíson of all

Ëhe means.

C. Chloride Determinations

The results are shown in Table IIT and Figure 4. There was

a high positive correlation between the chloride levels in the plasma

and osmolality of the plasma; Ëhe correlation coefficíent, r is equal

to 0.8225 and it is significanË at the P(.05 level.

3. Spring Frog Acclimations

Two groups \¡7ere simultaneously acclimated to OoC 8L-16D and

l0"C 12L-l2D for 17 days. ToËal body water contents, plasma

osmolali-ty and plasma Na* and K* levels were determined (Table IV).

The mean osmolality of the 0'C BL-16D acclimated frogs rvas signíf-

icantly lorøer than rhe osmolaliry of the tO"C l2L-l2D frogs (P(.05).

Total body water contents, Na+ and K* levels in the plasma \^rere not

found to vary sígnificanËly beËween the tr¡ro treatments.
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Figure 3. Chorus frog plasma osmolalities at various

temperature and photoperiod acclímations. Bars represent

957. confidence intervals.
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Table III: Plasma osmolaliËies and chloride
fal1 acclimations.

ion levels at various

Acclimation
Temperature
("c)

Photoperiod
0srnolality

(n) m NaCl

. xf tÞ

C1-Level
m equív/l
i+ ss

00

00

50

50

100

100

LzL-LzD

0L-24D

L2L-LzD

0L-24D

LzL-L2D

0L-24D

t0

7

I

at

Õ

0.L52

0.I42
0. r83

0. r48

0.L66

0.196

0.006

0. 005

0.009

0.006

0 .006

0. 004

73.50

8L.25

11r.00

r02. 30

96 .00

106.00

9 .00

5 .04

7 .55

O. BB

4 .58

2.34

t
t
t
t
t
t

t
t
J
t
t
t
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Figure 4. The relationshíp between plasma chloride íon

levels and plasma osmolality ín the chorus frog. The

correlation is sígnifícant r (4,,05) = 0.g110.
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4. TÍssue l{ater Content

The percentage i^rater contenÈs were determined in tissues

of spring frogs símultaneously acclimated for L7 days to 10oC

L2L-72D and 0"C BL-16D. This r,¡as done to see if there \,ere any

shÍfts of water ínto or out of specific ËÍssues. The tissues

used were: (f) muscle of the hind a-nd forelegs t (2) líver;

(3) heart; and (4) the remainíng carcass.

The tissue v¡ater contents r.^rere consistenËly higher in frogs

aË Ooc (Figure 5). Both the hínd and forelegs were significantly

higher (P(.05) in rhe OoC frogs rhan ín the lOoC frogs, bur no

significant differences between 0"c and l0'c frogs T¡/eïe found

ín the liver, heart, remaínÍng carcass or total body T¡/ater.

There \^ras an upward trend ín the \^rater contents of all tissues

wíth decreasing temperature.

5. Comparison of Spring and Fall Frogs

Frogs had been simultaneously acclimated to OoC and 10oC

in both fa1l and spring. To see if there r¡rere any seasonar

varíations ín total water content and plasma osmolalíty a

comparison was made betrueen Ëhe two groups (i.e. spríng and

fal1) . See Appendix E for homogeneíty of variance.

A. RelaËíonshíp of size to the various parameters Measured

(i) Size vs. ToËa1 Body I^later Content

In all experiments the smaller frogs Ëended to have a
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Fígure 5. PercenË Ëotal rnrater contents of various tissues

of chorus frogs acclimated Ëo OoC BL-16D and 10"C L2L-IZD.

The vertical bars represent 957. conf.idence intervals.

Tests for homogeneity of variance are found in Appendix D.
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higher percentage body \dater than the larger animals.

In comparing the \^/ater contents of the spring and fal1

frogstthe difference Ín size ranges must be taken into account

(mean weight of fa1l frogs = 0.T598 ! 0.0f67 g; mean weighr of

spring frogs = 0.9572 + 0.0398 g).

Initially a plot of wet weight of the fa11 animal vs.

the percent body hrater was made and there \^ras an obvíous negative

correlatíon (Figure 6). But since these are not independent

variables it was decided to plot dry weight vs. \,üater weight per

anímal.

The model assumed was trnI = a D b, 
,01-rur. W = water content

and D = dry weight. The value of"b"would equal l if the v/ater

contenË is in constant proportion with the dry weight, but if the

proportion \¡ras significantly higher in smaller frogs then"b"would

be less than 1. rf the relationship between proportion of water

and size of frog was similar in spring and fall frogs, then the

value of"b" should not differ significantly between the Ëwo groups.

If thís relationship was sÍmÍlar for spríng and fall frogs, but

for any given síze of frog the rtrater conËent was higher for one

group than the other, then the value of"a'rvould differ beËvreen

the Ëwo groups.

The model can

by takíng logarithms

transformed to a linear additive model

both sides: log I^I = log a * b 1og D. The

be

of



30

Figure 6. The correlation between the wet

percenË body water in the chorus f.rog. The

coeffícienË ís-0.6087 and it is significant

weight and the

correlation

ar P (.05.
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Figure 7. The relationship between size and water content in

chorus frogs. Each point represenËs one frog.
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first test, for sími1ar values ofttb"between the two groups, amounts

to a test for similarity of slopes in the regressi-on of 1og w on

1og D. The slopes \^7ere not signíficantly different from each other
(r).os¡; but were signíficantly ress rhan b = 1 (p(.05), irnplyíng

that the relationship between proportíon of \.^/ater and size of frog
is similar f.or spring and fall frog. To test whether the value

of "a'ld.iffers, betv¡een the tÌnro groups, the appropriate statistical
test is for difference in the inÈercepËs between the two regressíons.

The intercepts are significanËly dífferent (p(.0r), implying that
\^iater content is greater f.or a spring frog than for a fall frog
of the same size.

The two seasonal groups r^rere compared after correctíng

for size differences. For each group the logarithm of \^zater

content of each frog was correctecl to the value appropriate to

a frog of 'rstandard dry weight'r, i.e. mean dry weíght = 0.rr77g.
(See Appendix G for calculatíons).

(ii¡ Síze vs. Osmolality

There !/as no significant iorrelation between the dry weight

of the frogs and the osmolality.

B. Inlater content comparison Between Spring and Fall Frogs

Although the average acËua1 \^/ater content values at each
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acclimation temperature were significantly lower (P(.05) in

spring Ëhan in fa11 frogs, once the water content values were

corrected f.or size differences, the water content was significantly

higher in the spring frogs. See Figure Ba.

C. Plasma Osmolality Comparison Between Spring and Fa11 Frogs

The mean plasma osmolality of the fall frogs at lOoC was

0.1810 m NaCl and Ëhat of the fall frogs at OoC was 0.1482 m NaCl.

The difference r^ras statistically signifícant at Lhe P(.OS tevet.

The mean osmolality of spring frogs at lOoC was 0.I46i rn NaCl

which was significantly hÍgher (P(.05) than rhe osmolality of rhe

OoC frogs which was 0.L223 rn NaC1. In both spring and fal1

anímals the osmolality was higher at 10oC than at OoC. (Figure Bb).

But the seasonal effecË on osmolality can be seen in both acclím-

ation temperatures (10"C and 0oC). At both acclimations Ëhe

osmolalíty in the fall is sígnificantly hígher than in the

spring (P(.05).

6. Supercooling

This experíment was performed to see if Ëhe chorus frog

actually did have the abiliËy Ëo supercool and if so, what the

liniËs r,^rere. Spring frogs that had been acclimated to 0"C and

5"C OL-24D photoperiod for aË least two weeks rnrere used.
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Figure 8a. Actual and corrected percent total body water

values in spríng and fa1l chorus frogs, held at 0o and. lOoC

acclimations. Vertical bars represent 95"/" conf.idence

intervals and the bracketed numbers, the sample sizes (n).

Figure Bb. Comparison of plasma osmolalíties of spring and

fall chorus frogs held at 0" and lOoc acclímations. vertÍcal

bars represent 951l conf.ídence intervals and the bracketed

numbers, the sample sizes (n).
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A standard cooling curve r^/as recorded for afl animals with

variations observed in the supercooling limits and f.reezirng

points. Fígure 9 gives a typical recording pattern. The animals

supercool to a point where the body temperature v¡il1 rise and

fxeezing occurs. The supercooling limit is easí1y recognízable

on Ëhe recordíng because the body tempeïature will drop wíth the

lowering of the external temperature until it reaches a point

where supercoolíng ends and freezing ensues. At this poínt the

body ternperature rises to near 0"C where it remains untí1 the animal

is completery frozen. The temperaËure again declines wíth the

external temperature.

The mean supercooling lirnit for the 5oC acclimated frogs

was -3.1"C , an<i for the OoC frogs it was -2.9"C. There is

not a significanË differenee ar p).05 level. (Table V).

It was observed that even if the frog had reached its

supercooling limít and r¿as at its f.reezÍ.:ng point, the animal

would survive íf it did not freeze solid. As long as the internal

organs (specifically noted was Ëhe heart) were not frozen, the

animal would revive r¿ith no apparenË harmful effecËs.

As an animal froze ít was observed that the eyes would

become opaque and íce crystals could be felt in the appendages

and abdomen. Once removed from the chamber and left at room

temperature, Ëhe frogs would revíve fully withín I hour. By the
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Figure 9. An example of a recording mad.e when a chorus frog was

supercooled. In this case the supercooling 1ímit was

approximately -3.0oC and the freezíng point was _0.5"C.
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Table V. supercooling limÍts and Í.reezing points in the chorus
frog and garter snake.

Aníma1
Acclimation
Temperatureocn

Supercooling
Lírnit
oc

i+s¡

Freezing Point
oc

x tSE

Pseudacrís 0"

Pseudacris 5o

Thamnophis 1o

-2.96 + 0.13 -0.98 + 0 .L2

-3.12

-2.35

o.r2

0.25

-0. 70

-0.62

0.10

o.L2

t
+

t
+
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following day, the eyes cleared and vis:Lon seemed normal. Alt

revjvsd, supercooled frogs were kept for over one monËh.

Frogs which \^7ere supercooled , f.rozen and kept in the bath

until their internal temperatures started to drop to that of the

air inside the chamber, would freeze solid and not revÍve.

To see íf other poikilotherms of Manit,oba also had this

ability to supercool, the garter snalce Thamnophís sirtalis

paríetalis was also tested. Anímals used r¿ere those that had

just come out of hibernation or were still in híbernation.

The supercooling limit was found to be -2.0"C.

So iË appears Ëhat the boreal chorus frog does have the

ability to supercool, apparently to a slightly greater degree

Ëhan the garter snake under laboratory condiËions.
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DISCUSSION

Temperature and photoperiod effects on fall and spring frogs.

Among frogs caught in the fal1 and acclimated to 0o' 5"

and 10oC with a LZL-LZD or 0L-24D photoperíod, the plasma

osmolality decreased with decreasíng temperatures. There \¡/as an

exeeption Ëo thís in the case of the 10oC, I?L-L2D acclímated

frogs, where the osmolality dropped from Ëhat at 5oC. Thís

reductíon in osmolality is not in agreement with the results in

tine 0L-24D acclimatíons or with subsequent experiments (see spring

experiment results - figure 8b). It is believed that the plasma

osmolality of this group of frogs may not be indicative of the

values in the normal frogs as these animals were smaller than

all others sampled and did not appear healthy (possible fungal

Ínfection) .

In more aquatic frogs, Rana clamitans and R. pipiens' a

decrease in plasma osmolality is common aË 1ow temperatures

(Schuridt-Nielsen and I'orester, L954; Míller et al., L96B). The

aquatic gïeen frog R. clamitans becomes hydrated at 5oC and Ëhe

plasma osmolality correspondingly decreases. Inihen these f rogs

are \üarmed up the excess \dater is excreted. This phenomenon oc-

curs in Ëhe frogts natural habitat in fall and winËer as well.

The dílution of electrolytes ín cold treated R. Þipíens has also

been accounted for by hydration. Since these frogs are at a low
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temperature, metabolísm would be reduced and. therefore osmoregula_

tion might not be as efficient.

Thus in the case of the chorus Írog, this decrease in
plasma osmolality at 1ow temperatures could be a resur_t of:

(1) an overall

(2) movement of
p lasma;

(3) movement of
tissues.

hydration of the frog;

\^/ater out of the tissues and into the

ions out of the plasma and into the

Both the movement of \üateï out of and the movement of ions inËo

the tíssues would increase tissue freezing resistance.

rn reference to the overall hydration of the frog, the

percent total body water values at the varíous acclimatíons did

noË change significanËly (p(.05). But the hydrarion necessary

to decrease the plasma osmolalíty may be so slight thaË it would

not be detectable due to the lack of sensitivity ín the procedure

used.

To test this idea, the falr anímal d.ata was examined.

The mean weíght of these animals was 0.47g8! 0.0179 g. plasma

volume is approximately l"/" of the body weight (Gordon, rgiz), thus

Ëhe amount of plasma in a frog this size shourd be approximately

0.0335 g. The mean osmolality of the 10oc fa1l frogs was 0.1956

m Nacl and for the Ooc frogs it was 0.L425 m Nacr. rt was
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calculated that 0.0125 g of water must be added to 0.0335 g. of

plasma to decrease the osmolality from 0.1956 to 0.L425 m NaCl.

This addition of rn/ater should result in a 2.67" increase in

percent body water of the animals at 0oC. Comparíng the mean

percent body water values at the two acclimation temperatures

the dífference is 1.7247" whLch is less than the expected change.

If the 957" confídence intervals are observed, rather than the

means, the maximum possible change is 2.538% r¿hich is slightly

Larger than the theoretical expected change. It is possible

that this small hydration does accounË for the dilution of the

plasma.

In the spring animals the 0"C BL-16D acclimated frogs

had a plasma osmolality whích was significantly lower than that

of the 10"C 12L-l2D acclimated frogs. Again the water contents

did not vary significantly betrueen the two temperature acclima-

tions. The theoreËica1 change in vrater content vras again

calculated and found to be L.377". The 957" confidence intervals

of the tr¡ro mean water contents (0o and 10'C) allows a maximum

possíble difference of 1.0577". Thís value is very close Ëo the

theoretical percent change expected.

It is possible that slight hydration is occurrÍng, but if

it is not then the plasma must be losing íons to the tissues or

else ruater is being shi-fted out of the tissues and into the
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plasma. Hydration viould alloru the animal to tolerate greater

desiccation v¡hich a terrestrial ovenuintering frog míght be

subjected to during the winter. However, hydration would not be

advanËageous to the anínal if it vrere subjected to temperatures

aL or l¡elow OoC because it would be diluting body fluids and

Ëherefore the animal would be less resístant to freezíng.

.) Tíssue \,Íater contents in spring anímals

Because plasma osmolalÍty changed rvith temperature and

there vras no sígnificant change in total body water, partition-

ing of \üater within the frog seemed likely. The \,/ater contenË

was found to sígnificantly íncrease (P<.05) at low temperatures

in the muscle and although the differences vüere not signíficant

in the other tíssues, there hras a trend torvards increasing l,rater

contenË at low temperatures.

Stangenberg (1955) reported a higher muscle \^/ater content

in cold-adapt.ed Rana esculenta, but Ríeck (1960) and Bishop and

Gordon (L967) reporËed that Rana pipiens muscle \,rater content

r^7as constant during cold acclimation. So it appears that adapta-

tíon to cold in terms of water content can vary even among frogs

which overwinter subaquatically.

In Psêudacris there

of the tissues as ruel1 as a

temperatures. Even though

is an increase ín the \^7aËer conËent

dilution of the plasma at low

the total body water content did not
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i-ncrease significantly at the low temperature, this tíssue

vrater content data tends to support the idea of overall hydration.

rf in fact, the total body water values do not change at 1ow

temperatures possibly the ions in the prasma are beÍ_ng shunted

into the tissues as an adaptation to cord i.e. resístance to

freezi-ng. But the mechanism may be imperfect and T/rater may

follow into the tíssues by osmotic pressuïe. The resurt of this
would be:

(1) no change ín total body water conËent;

(2) an increase in tissue ion concentration and \./ateï
conËent;

(3) a decrease in plasma osmolality;

(4) a decrease in plasma volume.

Three of these effects were observed i.e. (1) no sÍgníficant
change in total body water content (assuming the method of water

determínation \,ras sensÍtive enough) , (2) an increase in tissue
water content, (3) a decrease in plasma osmolalíty. Tissue

osmolality (intracellular) and plasma volumes r¡/ere not measured

because of limited facilities and experimental anímals. An

attempË was made to record hematocrit values in blood samples

but ít was found that lymph was sometimes taken up with the blood

samples causing the hematocrÍt values to fluctuate .

fncreasing the tissue osmolaliËy would be advantageous

as an antífreeze mechanism. But it must be noËed that these
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frogs in addítion would lose water to the freezing environment

causing the ioníc concentration ín the tissues, particularly

the muscle to increase. Thus these animals must be able to

tolerate high intracellular salt concentraËions.

J. Ion levels Ín the plasma

rn the experiments on f all frogs, chloride ion levels \47ere

determined in the plasma samples. There \^ras a high correlation

between cl levels and plasma osmolality (r=0.8225). Hibernating

green frogs (genus and species not narned) taken from the ponds

duríng winter and brought into a r\7arm laboratory \¡rere found to

give off large quanËÍties of urÍne rich in chloride ions

(De Haan, L972). This supports rhe idea that changes ín plasma

osmolaliËy may be due to fluctuations in chloride íon levels.

In the experiments on spring f -rogs, Cl levels \^/ere not

determined, ínstead Na* and I(* readings \^/ere done. Both Na*

and K* levels did not change significantly between the OoC and

10oC acclimatíons, although the plasma osmolalitíes did.

Moore (L964) gives the Cl levels in frog plasma as

ranging between 64 and 96 m moles/liter (genus: Rana, but no

species narned). Gordon (L972) gives cl values in Rana esculenta

of 75 m moles/l and Na* levels of 105 rn moles/l. fn Rana

temporaria there was 74 m moles CL /L, 104 m moles Na+/l, and 2.2

m moles Kl/L.
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4.

chorus frogs collected in the fa11 had much hÍgher c1

levels than those reporËed in the literature. This again supports

the idea that a chloríde ion level increase causes a change ín

Ehe plasma osmolality.

Seasonal variatíon i-n water content and. plasma osmolality

i,lhen size difference was corrected. for, Ít was found that

the spring frogs actually had a signifícantly higher \^7ater content

than the fal1 frogs. Therefore the low plasma osmolaliËy in the

spring frogs may be due to Ëhe increase in overall \^7ater content

of the animal. This increase could be explained by the fact

that although these frogs are mainly terrestrial, those caught

in the spring were in breeding pools. Therefore their osno-

regulatory mechanism may not be as effícient as aquatic frogs

in dealing with excess water inËake. A1so, ín the spring, r,n/ater

temperatures \¡rere quíte low and as discussed before the frogs

might not have been capable of effective osmoregulation. This

has been found in the aquatic bul1frog, Rana esculenta which

increases body water rvhen Ëransferred from room temperature to

low temperaËures of 2 to 3'C (Jlrgensen, Lg4g), so it may be

occuring in PseudacrÍs as rnrell.

rn the winter when the surrounding free \ùater freezes,

Èhese frogs are subject to desiccation. Therefore, prior to

emergence in Ëhe spring they are probably at theír tolerance

lirnit for desiccat.ion. on emergence, due to the availability of
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\,Iater i.e. spring run-off, they dehydrate rapidly

From the results, the fall frogs seem to be dehydrated

when compared to spring frogs.

Schrnid (1965) determined the osmolarities of plasma

samples from a number of anuran species (osmolarity and osmolality

are consÍdered equivalent at the 1evel of biological fluids

(Gordon, L972). The values ranged from 0.153 M Nacl ín the

aquatic rnink frog, Rana septentrionalis to 0.1710 ,n{ Nacl in

the terrestrial ."rn*." a- and 0 .1625 M Nacl

in the semi-terresrríal rooa fr[, * From rhe

above values there seens to be a trend of increasing plasma

osmolality in the more terrestrial species of anurans. since

Pseudacris is semi-terrestríal, orre would expect a plasma

osmolalíty somewhere between the aquatíc and terrestrial values.

But the experimental value obtaÍned in fall frogs is hígher even

than that of the terrestrial toad B. americanus, suggesting

hemoconcentration in Pseudacris.

Spríng animals had plasma osmolality values that were

even lower than the values found for the aquatic nr-ink frog,

R. septentriónális, suggesting hydration of the chorus frogs i-n

the spríng.



47

fn the gartersnake Tharrrophis sirtalis parietalis, the

r,,/ater content decreases in the fa1l (Aleksiuk and stewart, L}TL).

rt \^/as stated that this could be a mechanism of resÍstâ.nce to

freezing i.e. hemoconcentration. Farrelr (Lg7L) found that the

tree frog Hyla crucifer had a reduced r,^/ater content at 7oc as

compared to 20"* ;r Ëolerance to desiccatíon was arso greater

at 7"C.

Poikilotherms lose water to varyíng degrees when exposed

to cold or they will resíst water ross compretery. rn the Ëwo

turtles Terrapene cardína carolina and pseudemys scripta elegans,

hemoconcentraËion occurs at low Èemperatures (HutËon and Good-

night' L957). rn the grass snake, Natríx nâtrix there is a very

slight degree of hemoconcentration (Binyon and Twigg , 1965) and in
the turtle Chrysemys picta, hemodilution occurs in cold torpor
(iufusacchia and Síevers , 1956) .

Pseudacris does have an increased prasma osmolality ín
the fall' suggesËing that iË does hemoconceritraËe and that this
change ís not induced by temperature alone, but is a seasonal

adj us tment.

5. Ability to supercool .

Chorus frogs rvere

below tlne freezing point

Lowe er a1. (1970)

directly proportional to

found to supercool by approximately 3"C

of their body fluids.

state that the supercooling limít is

the freezing point. Since it was found
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that the plasma osmolality decreased at loru temperaLures during

short term acclimatíons it would be expected that the freezing

point and associated supercooling limit would not be as gïeat

at OoC as at 5"C. Also the fall animals r,¡ith a much higher

osmolality would be expected to supercool to an even lower

temperature.

To see if other poikilotherms coûtmon to Manitoba are

capable of supercooling, the red-síded garter snake, Thamnophis

sirtalis parietalis was tested. They supercooled to -2.0oC.

Pseudacris, therefore, can supercool to a slíghtly lower level

than the garter snake.

Bailey (I949) found that Tharnnophis radix could withstand

a minímum temperature of -2.0"c. I'Ie attributed Ëhis tolerance

to (1) gradual physiologícal preconditioning to low temperaËures

(2) the low temperature of crystallizatjon of protoplasm as

compared to water and (3) supercooling of the body tissues.

Supercoolíng lirnits ín T. sirtalis parietalis seem to agïee

with results obrained by Bailey (L949).

Pseudacris may supercool to a greater degree in nature

than that observed in the laboratory since the rate of cooling

is slower in nature. The rate used here was 2'C/0.5 hr.

Preliminary experíments rvere done rnTith faster rates and the

results r¿ere Ëhe same. Possíb1y wíth slower cooling rates, more



49

in líne with natural situations, Ëhe supercooling limit would have

decreased.

Kirton eË al. (L973) tagged wood frogs R. sylvatica in

Alaska and folloled them to their overwintering si_tes. Ile

monitored the temperatures at these sítes and found three frogs

survÍved temperatures of -5", -7 o and -9oC.

Vincent (L97L) monitored ground temperatures at a depth

of 2L cm. and 56 cm. in a natural snake den and found the temp-

eratures never went to below -3.OoC and in an artificial lime-

sËone den the lowest temperature was approximately -5.0oC at

0.3 m below the surface.

The most likely overwintering sites for pseudacris ín

Manitoba are under litter or in soil crevices, usually in wood-

lands. The protection of even a small amounË of overlying litter

or soil, and the tendency for a deep layer of snow to accumulate

in such areas probably provides suffícíent insulation to prevent

ambient temperaËures from dropping belorv -5.0oC. Although thís

value is lower than the supercooling poinË of chorus frogs in

the laboratory, Ëhey may well supercool to a lower temperaËuïe

in nature. Also, ambient temperatures of -5.0"C at or near the

soil ínterface are not a regular feaËure of soil temperature

profiles ín ManiËoba, nor do they persist for a great length of

time. Temperatures between -loC and -3oC at Ëhe soíl-snow
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interface are more usual

temperatures are within

mined in Ëhe laboratory

over the winter as a whole, and these

the observed supercooling range deter-

for Pseudacris.
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CONCLUSIONS

l. Plasma osmolality decreased at loro temperature acclimations

ín both fal1 and spring frogs. The bíological significance

for this is not obvious.

2. Fall animals had a much higher plasma osmolality and a lower

total body water content than spring animals. This herno-

concentration may be an active freezíng resistance mechanism,

but ít is not extensive enough to a1lor¿ the animals to

tolerate very low temperatures wíthout freezing.

3. Temperature affected the Lotal \,,/ater content, plasma

osmolality and chloride ion levels of chorus f rogs, r,rhereas

photoperiod did not. This shows that tempeïature plays a

more important role in triggering overrvintering physíologícal

adaptations in pseudacris.

4. The boreal chorus frog can supercool to approximately -3.Ooc.

selection of appropriate overwintering sites and the abilíty

to supercool probably allows the chorus frog to survive with-

out additíonal freezíng-resistance mechanisms. rn fact,

freezing may not be as serious a problem to these frogs as

dehydration would be.
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Appendix A.

StarvaLion Experiment

I. Bartlettrs Test

Treatnent d.f.
)

varr-ance s

1

2

3

4

5

4

6

8

9

4

0.59s1

t9.0649

10.9651

9.2575

5.3599

MlC = 9.L280

x2 (.05, 4) = g.4g (4 a.r.¡

Variances are homogeneous at P(.05 level.

II. One-way Analysís of Variance

Source of Variation d.f. SS MS

TreatmenË

Error
Total

F = 1.3456
I.'.05(4,3r) = 2.68

53.6968 73.4242

9 .97 5731 309.2490

35 362.9458

.'. Means are not significantly different
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Appendix B

Fall Frog Experiments

I. Bartlettts Tests

a. I^iater Content

Treatment d.f. .2varaânce s

L9
29
39
49
59
69

MlC = 7 .L9r7 (5 d.f .)
tX- (.05,5) = 11.07

Variances are homogeneous

4.Lr92

3.Lr27

5 .9004

6.20tL
L.0628

3. 3s04

at P(.05 level.

b. Plasma Osrnolality

TreaËment d.f. Variance

1,9
26
JI

47
57
67
M/c -- 8.4493 (s d.f .)

2X- (.05,5) = 11.07

Variances are hornogeneous

0 .0004

0 .0002

0.0006

0 .0001

0.0003

0 .0001

ar P(.05 level.
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c. Chloride Levels

Treatment d.f. .2varl-ance s

1

2

3

4

5

6

M/c = 6.6664 (s d.f .)
)X- (.05,5) = 11.07

1

J

2

2

2

-l

L62.0

101 .583

L7L.O
Ô Ô1ô¿. JJJ

63 .0

22.0

.'. Variances are homogeneous at p(.05 level.

II. Two-way Analysis of Variance - Effect of Temperature and
Photoperiod on Total h7aËer Contents of Fall Frogs

Anova Table

Source d.f. SS MS F Signíficance

i.T 2 7 .289 3.645 0.92L6 N. S.

P 1 4 .400 4. 400 r.rr25 N. S.

TP 2 35 .L60 17.580 4.4450 srcN

irlithin 54 213.550 3.955

Total 59

F.05 (2 ,54) = 3.L7
F.05 (1,54) = +.OZ
F.05(2,54) = 3.17
à"T = Temperature
P = Photoperiod

Acclimation temperature and photoperiod individually do not have
an ef f ect on the \,rater content of the f rogs. There ís a signif i-
canË interaction at P<.05 leve1.
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lII . Llufrcan's
Contents

Ne\"r Multiple Range Test on Pairs of Means of l,rtater
in Fall Frogs.

A

Acclímations: 0oC

oL-24D

i ("/") 80 .62

S; = Gtrr. I'f.SJt

0.629

d.f . = 54

Values of P:
SSR
LSR

Pairs

B

50c

0L-24D

78.31

C

100c

oL-24D

78.89

D

00c

L2L_IZD TZL-L2D 72L-L2D

79.0 79 .79 80. 6s

F

50C

Significance

Significant
NS

NS

NS

NS

Signíficant
NS

NS

NS

NS

NS

NS

NS

NS

NS

F

l00c

2

2.846
L.790

3

2.996
1. 884

4
3. 086
L.94l-

56
3.156 3.206
1.985 2.016

F-B
F_C
F-D
F-E
F_A
A-B
A-C
A_D
A-E
E_B
E-C
E-D
D-B
D-C
C-B

Difference

2.34
7.7 6
1.6s ( r.94L
0.86
0 .03 ( t.tg0
2.3L
7.73 ( r.94L
L.62 ( 1.884
0.83 < r.790
1.48
0. 90
0.79
0.69 ( 1.884
0.11
0.58
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IV. The Effect of Temperature
Osmola1ítíes of Acclimated
Variance

Preliminary ANOVA

and Photoperiod
Frogs. Two-I^Iay

on the Plasma
Analysis of

SOURCE d.f. S. S. M. S.

Among Cells 5 0.0160 0.0032 B.93B5y¡
PignoringT 1 .000032
TignoringP 2 .009100
I^Iithin Cells 43 0.0154 0.000358
.' Significant at P(.01 level

F.or (s,43) = 3.475
Simultaneous Equatíons

Assume YijK = u *c(í + Bj + EijK
m 8.1190 = 49m+ 23pI+ 26Vr+ LTIL+ L6tZ+ 1613

pt 3.8010 = 23m + 23p, + 0n, 7t L + Br, + 8.3

p2 4.3180 = 26m * 01, * 26V, + 10rt + Bt2 + 8.3

.1 2.5195 = 17rn * 7rt 10n, + L7t, + 0t2 + 0.3

,Z 2.7035 = 16m * 8pt + 8pZ + 0r, + I6L2 + 0.3

.3 2.8960 = 16m * Bpt + 8pZ + 0r1 + OxZ + 16r_3

Solutions: m = 0.0493, pl= -0.1510: p2 =-O.f4B0

.1= 0.2482, t2= 0.2692, 13 = 0.28L3
R (t, p) = rnY...+ { .í y.+ { lívj -Cr

l-J

= 0.0096

Final ANOVA

SOURCE d. f. S. S.

Pirotoperiod 1 0.0001134
Temperature 2 0.0094002
Interaction 2 0.0064
hiithin 43

M.S. F

0.000Lt34 0 .3167
0.0047 L9 .70949",.
0.0032 8.93850,'.
0.000358

F.01 (2,43) = 5.135
F.01 (1,43) = 7.24
:t Temperature and Interaction are Signíficant at p(.01 Level.
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V. Comparing Plasma Osmolities (Contrd).

Multiple Range Test - Least SignifÍcant Difference.

*-x3)t (d,f)s_1 +1
ni nj

t (.05 ,43) = 2.0L7

= 0-01892

ooc 50C ooc 50c 10"c

IzL-LzD LzL_LzD L2L_L2D

DEF

0 .1522 0. 1831 0.1663

oL-24D OL-24D

A

0.L425

B

0. 1548

l00c

oL-24D

C

0.1956

Comparisons

;-;r_J r (ê{,t) Significance

Sign.
Sign.
Sign.
Sign.
N. S.
Sign.
Sígn.
Sígn.
N. S.
Sign.
N. S.
N. S.
N. S.
N.S.
N. S.

C-A
c-rl
C=B
C-F
C-E
E-A
E_D
E-B
E_F
F-A
F-D
F-B
B-A
B-D
D-A

0.0531
0.0434
0 .0408
0.0293
0.0125
0.0406
0.0309
0. 0283
0.0168
0.0238
0.0141
0.0115
0.0L23
0.0026
0.0097

0.0212
0.0L92
0.0204
0.0204
0.0204
0.0272
0.0L92
0.0204
0.0204
0.02L2
0.0L92
0.0204
0.02L2
0.0792
0.02L2
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Appendíx C.

Spring Frog Experiments

I. Testing for Homogeneity of V¿¡i¿n"." (2-tailed F test)

Treatment d. f.

a) Inlater Content 1

2

F = L.323
I'- .05 (8,9¡= 4.10

Variances are Homogeneous

b) Osmolality I
2

F = 3.0

d) K* Levels 1

2

F = 1.1338

!'=- .05 (5, B) = 4.65

Variances are Homogeneous

F- .05 (B,B) = 4.43

Variances are Homogerreous

c) Na+ Levels 1 g 56.9652
2 5 40.6000

F = 1.4031

ï'-.05 (8, 5) = 6.76

Variances are Homogeneous

2 .247 3

2 .97 32

0.0003

0.0001

L.3375

L.5164

()

5
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Appendix D.

Tissue i¡Iater Contents

I. Testing for Homogeneity of Varíances

Treatment d. f. Variance s2

a) Hind Legs 1

2

F = 1.I4L4
Ë'.05 (8,8) = 4.43

Variances are Homogeneous

b) Forelegs 1

2

F = 2.9137
I.' .05 (9 ,8) = 4 .30

. Variances are Homogeneous

c) Heart

F = 2.7045

1

2

d) Liver

F = 4.5232

1

2

F. os (9 ,9) = 3.96

, Varíances are Homogeneous

9 L.3374

9 L.5266

9 L.9449

B 0.6675

9 27.8653

9 L0.3032

9 3.1658

9 0.6999

B 2.9713

9 2.2473

ï'-.05 (9,9) = 3.96

Varíances are not Homogeneous

e) Total Body l^later 1

2

D - 1 aaaI _ L.JLL

r.'.05 (8,9) = 4.LO

Variances are Homogeneous
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Appendix E.

Comparíson of Spring and Fa1l Frogs

i. Testing for Homogeneity of Variances (2-Tailed F Test)

Treatment )c2(-I. r. varlance s

a) Total Body ülater

Body tr^Iater
at 10oC 1 (spring)

2 (f.aIL)

T = 2.3138
Ì''.05 (19,9) = 2.77

Variances are llomogeneous

Body trnlater
at 0"C 1 (sprÍng)

2 (faLI)
F = 1 .2666
I.'.05 (19,8) = 2.9r
Variances are Homogeneous

b) Osmolality

100C 1 (spring)

2 (f.aLL)
ñ - 1 1ô.C - I.JJ

F- .05 (15, 8) = +. ro

Varíances are Homogeneous

00c 1 (spring)

2 (faLI)
F = 4.0
T'^.05 (16,8) = 4.LO

Variances are Homogeneous

9

T9

B

L9

8

15

Õ

I6

0.5811

r.3446

1.06s9

1. 3501

0 .0003

0.0004

0.0001

0.0004
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Appendix G.

correcting spríng and Fal1 trrrater contents of Frogs for size
Variatíon.

1og. L -* ary weight (for all animats J = -2.t+
i ary weight = O.LL77g.

Spring standard r¡/ater weight at I weight:

I{l{ = water weight

Dtr{ = dry weight

1og trJI,i = 1og a * b 1og Dtr^I

= .833 + .726I (-2.I4)
= _0.7208

.'. IdW = 0.4863 e.

Fall sËandard water weight at ; dry weight:

log l,iüi = 1og a * b 1og Dtr^I

= .7550 + .744I (-2.I4)
= -0.8374

.'. WI^I = 0.4328 g.
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