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ABSTRACT

Boreal chorus frogs, Pseudacrig triseriata maculata

captured in spring and fall and acclimated to cold temperatures
(0°C) had lower plasma ionic concentrations than frogs acclimated
to 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
than spring frogs, but the spring frogs had a significantly
higher total body water content than the fall frogs which could
explain the decrease in plasma osmolality. Increased plasma
osmolality seems to be correlated with higher chloride ion

levels.

Water content in isolated tissues was higher in 0°C
acclimated frogs than in 10°C frogs, although a significant

difference was found only in the 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
animal's ability to survive the freezing temperatures of a

Manitoba winter.
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INTRODUCTION

The boreal chorus frog Pseudacris triseriata maculata has

a broad distribution, ranging from Northern Ontario to Great Bear
Lake in Canada, south through Colorado and Utah and intergrades
with the western chorus frog in a broad band extending from the
northern peninsula of Michigan to Nebraska (Conant, 1958). It is
the northern-most of all the chorus frogs and is also the most

common frog found in Manitoba.

These frogs are small, 2.0 to 2.8 cm (Conant, 1958) and
tend to be secretive. They are semi~terrestrial and seem to share

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

breeding season (from mid~April to mid-May in Manitoba) they are
found in or near temporary, shallow bodies of water. After the
breeding season they tend to disperse and are found in grassy
meadows and the edges of wooded areas which are adjacent to dried
up ponds and marshes. By early September they are difficult to

locate,

There is little information about the sites of over-
wintering of the boreal chorus frog. Blanchard (1933) collect-
ing in southern Michigan in November, 1931 found a number of

amphibians including Pseudacris nigrita (=triseriata) in

compact groups under litter in small depressions or cavities in

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



assumed this was their overwintering site.

In Manitoba, poikilotherms that overwinter on land face
the danger of environmental temperatures which may freeze their
body fluids. Because a few specimens of Pseudacris which were
collected in late fall and early spring have been located in
crevices in the soil or under litter and debris, overwintering
at or just beneath the soil-snow interface seems most likely.
Although air temperatures may go much below 0°C during the
winter months, the ground temperatures just below litter may not
if the snow cover is adequate. However if the snow cover is not
sufficient or if there is an excessively long period during late
autumn when there is no snow and the air temperature is less
than that of the soil, these animals would be subjected to

temperatures which could result in freezing and subsequent death.

The exposure of poikilotherms to low temperatures may
or may not result in the freezing of interstitial and intracellular
body fluids. 1Ice formation in a variety of poikilotherms has

been shown to be delayed or prevented in the following ways:
(1) Vvitrification

Ice formation below zero can be prevented by very rapid
cooling resulting in the formation of very tiny ice crystals or

an amorphous solid (Hoar, 1966).



The survival of vinegar eels and frog spermatazoa
subjected to-190°C by immersion in liquid air was found to be
dependent on vitrification and devitrification (Luyet and
Hartung, 1941 a,b), but apparently it is technically impos=-
sible to cool animals larger than vinegar eels with sufficient
speed to ensure vitrification of their body water at very low

temperatures.

(2) Supercooling

Lowe et al. (1970) define supercooling as the metastable
condition in which the tissue temperature is below its freezing
(melting) point without the formation of?ice. As the temperature
drops it passes an infinite number of supercooling points until
a limit is reached and freezing ensues. But ice formation will
occur rapidly if the fluid is seeded with an ice crystal or if

it is agitated (Hoar, 1966).

Supercooling occurs in a number of species of invertebrates
as well as in fish and reptiles. Among invertebrates the larvae

of the wheat-stem sawfly Cephus cinctus will supercool between

-20° and -32.7°C before freezing (Salt, 1950). The longer the
period in the supercooled state, the greater the probability of
freezing. But Barnes et al. (1956, 1957) found that the larvae

of the European corn borer Pyrausta nubilalis collected during

winter and early spring survived supercooling to -29° and sub-



sequent freezing to the same temperature. During the summer
and early autumn however, their cold-~hardiness decreased so that

they did not tolerate being frozen after supercooling.

Scholander et al. (1957) found bottom dwelling fish off
the NorthemLabrador coast had a plasma freezing point of -0.9°
to -1.0°C and yet they lived in water at a temperature of -1.7°C
all year round. Thus they were supercooled by -0.7°C; but they
were in no danger of being seeded because ice formation did not

reach the depths at which they lived.

Lowe et al. (1970) stated that reptiles are also able to
escape the lethal effects of freezing by supercooling the entire
body to as low as -8°C, 2 to 8°C below the freezing point of body

tissues (ca. -0.6°C).
(3) 1Increased Solute Concentration:

An increase in the solute concentration of the body fluids
of insects, fish and reptiles exposed to freezing temperatures is

a well documented phenomenon.

Scholander et al. (1957) found that shallow water fish
(cod and sculpin) off the coast of Labrador which were super-
cooled but in danger of becoming seeded, had osmoconcentrations
that were twice as high as those in summer. They were almost
isosmotic with sea water although they still supercooled from

-0.2° to -0.4°C.



Many subarctic and a few temperate-zone marine fish living
at low temperatures have elevated chloride concentration (Prosser
et al., 1970), but cold temperatures do not cause an increase in
ion levels in all species of fish. Goldfish acclimated to 5°C
had significantly lower plasma values of Nat, K+ and C1~ than in
15° and 25°C fish, suggesting that lower concentrations may be
a compensation to reduced osmotic work (Prosser_EE _EE., 1970).
Freshwater fish have either reduced or unaltered plasma Na+ and

CI,~ concentrations when acclimated to low temperatures (Hickman,

et al. 1964).

Scholander (1957) found that in the summer, chloride
(halides) accounted for approximately 80% of the osmotic pressure
in both deep and shallow water Labrador fish. When the fish were
transferred from warm surface water to deep cold water (-1.73°C),
the total osmotic concentration increased, but the chloride rise
Was small and chlorides only contributed 50% of the total freez-

ing point of the plasma.

Binyon and Twigg (1965) found very slight hemoconcentration

in Natrix natrix, the grass snake during winter torpor and Zain-

ul-Abedin et al. (1969) found indications of hemoconcentration

in the lizard Uromastix hardwicki during the hibernating state.

The increase in body fluid solute concentration may be

either active or passive. The animal may be actively making



physiological adjustments to resist freezing, or the increase in
solute may be the result of dehydration i.e. environmental factors

are causing the changes.
(4) Antifreeze Production

Another active adjustment some animals make in order to
tolerate freezing is the production of an antifreeze such as
glycerol. Glycerol is a viscous liquid which is miscible with
water (White, Handler and Smith, 1968). Because of its high
viscosity it has a strong tendency to supercool. Small amounts
of water depress its freezing point and conversely it depresses

the freezing point of water, thus facilitating supercooling.

Salt (1959, 1961) showed that glycerol accumulated in

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

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

eratures.

Glycerol has another function; it also acts as a "salt
buffer", preventing strong salt concentrations from damaging

cells (Lovelock, 1954; Barrington, 1968).

Recently De Vries et al. (1970) have isolated glyco-
proteins from the blood of Antarctic fish which can depress the
freezing point of water more than would be expected on the basis
of the number of particles present in solution. De Vries (1971)

has proposed that the unusual behavior of these glycoproteins




can be explained by their being adsorbed onto the surface of the
ice crystals thereby preventing water molecules from joining the
ice lattice and effectively removing the ice crystals as

nucleation sites.

If poikilotherm cannot resist freezing, the formation of

ice can affect the animal in two ways:

(1) by the crystals causing a structural breakdown within
the cells;

(2) Dby raising the electrolyte concentration in the
remaining body fluids causing the denaturation of
proteins and the dissolving of lipoproteins (Hoar,
1966).

Lovelock (1954) states that cells which are highly per-
meable to water and cells which have high surface to volume ratios
lose water as freezing progresses at a rate sufficient to main-
tain the freezing point of their interior contents at or a little
above that of their suspending fluid. By the time the medium has
concentrated to saturation the electrolyte levels within the cell
will be high enough to prevent freezing. But these high electro-

lyte concentrations may be detrimental to the cells.

Ling (1967) reviewing the effects of cooling and freezing
on living cells stated that ice formation does not extend into

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



example was given, but he concluded that the cell membrane acts
as a barrier to ice formation. Also, the increasing electrolyte

concentrations may be preventing intracellular ice formation.

Maetz (1968) in a review of salt and water 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 to withstand desiccation because of a remarkable tolerance
of the tissues to changes in osmotic concentration. McClanahan

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

cognatus had a high tolerance to increased intracellular ionic
concentration. Schmid (1965) found that terrestrial anurans
had a greater tolerance to desiccation than aquatic frogs.

Pseudacris nigrita (=triseriata)was found to be the most tolerant

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

than the toads Bufo americanus and Bufo hemiophrys.

Since all evidence indicates that the boreal chorus frog
would be subjected to temperatures below 0°C,they probably make
some physiological adaptations that would be advantageous to their
survival. The most logical adaptation would be to increase
actively or passively, the osmotic concentration of the body
fluids thereby lowering the freezing point. Thus the physio-

logical basis of overwintering was investigated with reference to



the effect of varying seasonal and experimental temperatures

and photoperiods on:
(1) the total body water content of the animal
(2) the freezing point depression of the body fluids, and
(3) specific ion levels in the plasma.

The ability of the animal to supercool was also examined.



MATERTALS AND METHODS
1. Experimental Animals

Preliminary experiments were performed on breeding chorus
frogs collected from ditches and flooded fields in the vicinity
of Winnipeg, Manitoba between April 19 and 22, 1972. Subsequent
experiments that year used frogs collected in mid-August 1972
from pasturelands in the vicinity of Lake Minnedosa, Manitoba.

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

Experiments in the spring of 1973 were performed using
breeding frogs caught on April 19, 1973 near the Seine River in

Winnipeg. These animals will be referred to as "spring frogs'".

No distinction was made between age and sex, although the
majority of the animals were 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 water but were not fed before
or during any experiments. Tap water (0.5 to 1.0 ppm chlorine)
was used rather than dechlorinated water to check fungal

infection which occurred quite frequently.

Frogs kept at low temperatures were provided with a sub-

strate of moist soil and leaf litter.

After capture the fall frogs were kept at 10°C, 12L-12D
photoperiod before final acclimation. Spring frogs were held at

8°C, 13L-11D photoperiod for four days and then dropped to 5°C

10
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for ten more days where upon final acclimations were made.

2. Acclimations
(A) Preliminary Experiment

In subsequent experiments total body water content of the
frogs held at various temperature and photoperiod regimes was to
be determined. As all frogs were not fed there was the possibility
that the starvation would mask the effects of the acclimations.
For this reason a number of animals that were captured in the
spring of 1972 were acclimated at 10°C, 12L-12D for approximately
3 months. This was the highest temperature to be used in all
other experiments, so the rate of metabolism would presumably
be greater at this temperature than at lower ones. Total body
water percentage was determined by weight change of frogs after
desiccation. These observations were made at capture and at

2 week intervals for 3 months.

(B) Fall Frogs
To see if there was any effect of temperature and photo-
period on the water content and plasma osmolality of fall frogs
a series of 6 combinations of tempefature and photoperiod were
set up simultaneously (Table TI). All acclimations were done in
controlled environment chambers with temperature variations of
+1.0°C. The frogs acclimated to 0°C were pre-—acclimated to 5°C

for 1 week before the actual 0°C acclimation was done.
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Table I. A summary of the acclimations used in the various

experiments.
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(C) Spring Frogs
Again, temperatures and photoperiod acclimations were
simultaneously set up. But this time more natural conditions
were simulated instead of extremes. Also the number of acclima—

tions were restricted due to lack of facilities (Table I).

3. Sampling Procedure

When acclimations were completed the frogs were individual-
ly surface dried and weighed in plastic bags. Before weighing
gentle pressure was applied to the lower abdomen to eliminate

any urine from the bladder.

After weighing, blood samples were obtained by cutting
the femoral vein and artery in the thigh and the blood was col-
lected in heparinized microhematocrit capillary tubes which were
immediately sealed and kept cool. The blood samples were
centrifuged in an International IEC micro-capillary centrifuge
at 1500 X G for 3 minutes and the plasma was collected again in
heparinized capillary tubes. Each plasma sample (5 to 10 u 1)
was moved to the centre of the capillary tube to allow for air
spaces on both sides and thevtubés were sealed with micro-
hematocrit tube closures. The capillary tubes were put in capped

plastic test tubes and were immediately frozen for analysis at a
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later date.

After the blood samples were drawn the frogs were then
killed and put in a drying oven at approximately 105°C and were
dried until 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 total wet weights
were determined, heart, liver, forelegs and hind legs were
removed and placed in pre-weighed glass vials with stoppers.

The remaining carcass was wrapped in pre-weighed aluminium foil
on which the dissections were done. All tissues and the carcasses
were weighed to determine the wet weights. The vial stoppers
were then removed and the pieces of foil on which the carcasses
lay were unwrapped; the vials and foil containing the tissue and
remaining carcasses were put in the oven at 100°C and dried until
constant weights were determined (24 hours). All weighing was
done as quickly as possible to minimize water evaporation from

wet tissues and absorption of moisture by dry tissues.
4., Osmolality Determinations

The ionic concentrations of the plasma samples were
determined by the comparative melting point method (Gross, 1954;
Schmid, 1965).

Frozen capillary tubes containing standards of 0.22, 0.20,
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0.18, 0.16, 0.14 and 0.12 molal NaCl as well as 2 frozen plasma

samples were set on a plexiglass rack and the rack was submerged
in a 25% alcohol bath that had previously been chilled to -5.0°C
with dry ice. The volumes of standards/tube equalled the volumes

of the samples.

The alcohol bath (Figure 1) agitated by an electric

stirer was warmed up at the rate of 1°C per 20 to 25 minutes.

When the frozen samples were observed using transmitted
light and crossed polarizing filters, they fluoresced white
against a dark blue background. As the samples melted the
fluorescence decreased, thus making it easy to determine when
the samples melted. The melting point was taken at the time at

which approximately 90% of the sample had melted.

As the bath warmed up, the standards melted in order of
concentration. The osmolalities of the unknowns were determined
by interpolation of the graph of osmolalities of standards vs.
melting times. The graph should theoretically, be a straight
line, so a linear regression analysis was performed to obtain
the best straight line from the standard results. All plasma

osmolalities were then expressed in terms of NaCl molality.
5. 1Ion Determinations

Chloride determinations were done using a Type ClOl

titration electrolyte for a Radiometer titrator Type CMT20.
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Figure 1. Apparatus used for freezing point determinationms.
By using crossed polaroid lenses and transmitted light, the
frozen standard salt solutions and plasma samples glowed
against a dark blue background making it easy to observe
melting times. This diagram is approximately 1/3 the

actual size.
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Sodium and potassium detérminations were made using an Instru-—

mentation Laboratory IL 143 Digital flame photometer.

Appropriate dilutions were made for both machines. In
some instances it was necessary to pool samples to obtain enough

plasma for the proper dilutioms.

There was the possibility that the capillary tubes in
which the plasma samples were stored had been treated with
sodium heparin by the manufacturer. Sodium and potassium
determinations were done on blank tubes and the amount of
sodium was found to be negligible (Nat+ x = 1.96 + 0.07 mequiv/

1; R+ x = 0.1 + 0.02 mequiv/1).
6. Supercooling Method

Supercooling and freezing points were done on live
animals by inserting 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 1/2 x 3 1/2 inch plastic jar which was then
stoppered. A YSI Model 42SC telethermometer and YSI Model 81
dual channel recorder were used to record body temperatures.
The jar was then submerged in a Neslab Bath Cooler PBC-2 con-
taining ethylene glycol at the temperature at which the animal
had been acclimated (8° or 5°C). As these temperatures were
quite low, oxygen consumption 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 stabilize for half an hour, and then the bath
temperature was decreased 2°C per half hour until first the
supercooling limit and then the freezing point of the animal was

reached.

When the frog was removed from the container it was placed
on its back on a wet paper towel. If it showed signs of life
i.e. the heart was still beating, the time it took the animal

to right itself was recorded.
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RESULTS
1. Starvation Experiment

During a 3 month period there was no effect of starvation
on the water content of the frogs (Figure 2). A one-way
analysis of variance showed there was no significant change in
the water contents (P).05) during this time (see Appendix A
for statistical analysis), although there was an upward trend

after approximately one month of starvation.

Since all further experiments were carried out on
animals that were held for less than 3 months, starvation would

not effect their water contents.
2. Fall Frog Acclimations

Six acclimations were set up simultaneously for 16 days
(10 frogs/treatment) to test the effect of temperatures and
photoperiod on the percentage body water, plasma osmolality and

plasma chloride levels.

A. Water Content

There were no significant trends in the results (Table II).
A two-way analysis of variance showed that acclimation temperature
alone and photoperiod alone do not have an effect on the water
contents of the frogs, but there is a significant interaction
effect at P<.05. Duncan's New Multiple Range Test showed that
the water content of the 10°C 121-12D frogs was significantly
higher than the water content of the 5°C 0L-24D frogs. See Appendix

B (III) for the statistical analysis.
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Figure 2. The effects of starvation on the percent body

water of the chorus frog, Pseudacris triserata maculata.

The numbers in brackets indicate the sample size (n) and

the vertical bars represent the 95% confidence intervals.
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Table II. The effect of acclimation temperature and photoperiod

on the total water content of chorus frogs.

Acclimation Average Body Percentage Body
Temperature (°C) Photoperiod n Weight (g.) Water (%)
o x o+ .E.
0 OL-24D 10 0.5015 80.6183 .5584
121-12D 10 0.4864 79.0026 L6432
5 0L-24D 10 0.4313 78.3105 .7884
121.-12D 10 0.4664 79.7940 . 7695
10 OL~-24D 10 0.5039 78.8942 0.5819
121-12D 10 0.3691 80.6480  0.3260

21
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B. Osmolality

There was a trend of decreasing plasma osmolality with
decreasing temperature (Figure 3). A two-way analysis of variance
(for unequal sample size) showed a significant effect of temp-
erature, and an interaction of temperature and photoperiod at
PéOl (Appendix B (Ib, 1V, V). The least significant difference
method was used to determine which temperatureand photoperiod
acclimation pairs differed significantly. At the 0L-24D photo-
period, the 10°C mean plasma osmolality was significantly (P(.OS)
higher than the 0°C and 5°C values. At the 12L-12D photoperiod,
the 5°C mean plasma osmolality was significantly (P<:OS) higher
than the 0°C value. See Appendix B (V) for the comparison of all

the means.

C. Chloride Determinations

The results are shown in Table III and Figure 4. There was
a high positive correlation between the chloride levels in the plasma
and osmolélity of the plasma; the correlation coefficient, r is equal

to 0.8225 and it is significant at the P(.OS level.

3. Spring Frog Acclimations

Two groups were simultaneously acclimated to 0°C 8L-16D and
10°C 121-12D for 17 days. Total body water contents, plasma
osmolality and plasma Nat and K+ levels were determined (Table TIV).
The mean osmolality of the 0°C 8L-16D acclimated frogs was signif-—
icantly lower than the osmolality of the 10°C 12L-12D frogs (P{.OS).
Total body water contents, Nat+ and K+ levels in the plasma were not

found to vary significantly between the two treatments.
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Figure 3. Chorus frog plasma osmolalities at various

temperature and photoperiod acclimations.

957% confidence intervals.
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Table III: Plasma osmolalities and chloride ion levels at various

fall acclimations.

Acclimation Osmolality Cl-Level
Temperature Photoperiod (n) m NaCl m equiv/1l
GO x + SE. x + SE

0° 121.-12D 10 0.152 + 0.006 73.50 + 9.00
0° 0L-24D 7 0.142 + 0.005 81.25 + 5.04
5° 121-12D 8 0.183 + 0.009 111.00 + 7.55
5° 0L~24D 8 0.148 + 0.006 102.30 + 0.88
10° 121-12D 8 0.166 + 0.006 96.00 + 4.58
10° 0L-24D 8 0.19 + 0.004 106.00 + 2.34
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Figure 4. The relationship between plasma chloride ion
levels and plasma osmolality in the chorus frog. The

correlation is significant r (4,.05) = 0.8110.
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4. Tissue Water Content

The percentage water contents were determined in tissues
of spring frogs simultaneously acclimated for 17 days to 10°C
121-12D and 0°C 8L-16D. This was done to see if there were any
shifts of water into or out of specific tissues. The tissues
used were: (1) muscle of the hind and forelegs; (2) liver;

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

The tissue water contents were consistently higher in frogs
at 0°C (Figure 5). Both the hind and forelegs were significantly
higher (P{.05) in the 0°C frogs than in the 10°C frogs, but no
significant differences between 0°C and 10°C frogs were found
in the liver, heart, remaining carcass or total body water.

There was an upward trend in the water contents of all tissues

with decreasing temperature.
5. Comparison of Spring and Fall Frogs

Frogs had been simultaneously acclimated to 0°C and 10°C
in both fall and spring. To see if there were any seasonal
variations in total water content and plasma osmolality a
comparison was made between the two groups (i.e. spring and

fall). See Appendix E for homogeneity of variance.

A. Relationship of Size to the Various Parameters Measured
(1) Size vs. Total Body Water Content

In all experiments the smaller frogs tended to have a
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Figure 5. Percent total water contents of various tissues
of chorus frogs acclimated to 0°C 8L-16D and 10°C 12L-12D.
The vertical bars represent 95% confidence intervals.

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

In comparing the water contents of the spring and fall
frogs,the difference in size ranges must be taken into account
(mean weight of fall frogs = 0.4598 + 0.0167 g; mean weight of

spring frogs = 0.9572 + 0.0398 g).

Initially a plot of wet weight of the fall animal vs.
the percent body water was made and there was an obvious negative
correlation (Figure 6). But since these are not independent
variables it was decided to plot dry weight vs. water weight per

animal.

The model assumed was W= a D b, where W = water content
and D = dry weight. The value of b’ would equal 1 if the water
content is in constant proportion with the dry weight, but if the
proportion was significantly higher in smaller frogs then' b’ would
be less than 1. If 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 two groups.
If this relationship was similar for spring and fall frogs, but
for any given size of frog the water content was higher for one
group than the other, then the value of "a’would differ between

the two groups.

The model can be transformed to a linear additive model

by taking logarithms of both sides: log W = log a + b log D. The

29
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Figure 6. The correlation between the wet weight and the
percent body water in the chorus frog. The correlation

coefficient 1s-0.6087 and it is significant at P{.05.
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Figure 7. The relationship between size and water content in

chorus frogs. Each point represents one frog.
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first test, for similar values of“b”between the two groups, amounts
to a test for similarity of slopes in the regression of log W on

log D. The slopes were not significantly different from each other
(P).05); but were significantly less than b = 1 (P{.05), implying
that the relationship between proportion of water and size of frog
is similar for spring and fall frog. To test whether the value
of'a”differs between the two groups, the appropriate statistical
test is for difference in the intercepts between the two regressions.
The intercepts are significantly different (P(;Ol), implying that
water content is greater for a spring frog than for a fall frog

of the same size.

The two seasonal groups were compared after correcting
for size differences. For each group the logarithm of water
content of each frog was corrected to the value appropriate to
a frog of "standard dry weight", i.e. mean dry weight = 0.1177g.

(See Appendix G for calculations).

€ii)  Size vs. Osmolality

There was no significant correlation between the dry weight
of the frogs and the osmolality.
B. Water Content Comparison Between Spring and Fall Frogs

Although the average actual water content values at each
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acclimation temperature were significantly lower (P(;OS) in
spring than in fall frogs, once the water content values were
corrected for size differences, the water content was significantly

higher in the spring frogs. See Figure 8a.

C. Plasma Osmolality Comparison Between Spring and Fall Frogs

The mean plasma osmolality of the fall frogs at 10°C was
0.1810 m NaCl and that of the fall frogs at 0°C was 0.1482 m NaCl.
The difference was statistically significant at the P<.05 level.
The mean osmolality of gspring frogs at 10°C was 0.1467 m NaCl
which was significantly higher (P(.OS) than the osmolality of the
0°C frogs which was 0.1223 m NaCl. 1In both spring and fall
animals the osmolality was higher at 10°C than at 0°C. (Figure 8b).
But the seasonal effect on osmolality can be seen in both acclim-
ation temperatures (10°C and 0°C). At both acclimations the
osmolality in the fall is significantly higher than in the

spring (P{.05).

6. Supercooling

This experiment was performed to see if the chorus frog
actually did have the ability to supercool and if so, what the
limits were. Spring frogs that had been acclimated to 0°C and

5°C OL-24D photoperiod for at least two weeks were used.
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Figure 8a. Actual and corrected percent total body water
values in spring and fall chorus frogs, held at 0° and 10°C
acclimations. Vertical bars represent 95% confidence

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

Figure 8b. Comparison of plasma osmolalities of spring and
fall chorus frogs held at 0° and 10°C acclimations. Vertical
bars represent 95% confidence intervals and the bracketed

numbers, the sample sizes (n).
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A standard cooling curve was recorded for all animals with
variations observed in the supercooling limits and freezing

points. Figure 9 gives a typical recording pattern. The animals
supercool to a point where the body temperature will rise and
freezing occurs. The supercooling limit is easily recognizable

on the recording because the body temperature will drop with the
lowering of the ekternal temperature until it reaches a point

where supercooling ends and freezing ensues. At this point the

body temperature rises to near 0°C where it remains until the animal
is completely frozen. The temperature again declines with the

external temperature.

The mean supercooling limit for the 5°C acclimated frogs
was =3.1°C'¢ and for the 0°C frogs it was -2.9°C. There is

not a significant difference at P))OS level. (Table V).

It was observed that even if the frog had reached its
supercooling limit and was at its freezing point, the animal
would survive if it did not freeze solid. As long as the internal
organs (specifically noted was the heart) were not frozen, the

animal would revive with no apparent harmful effects.

As an animal froze it was observed that the eyes would
become opaque and ice crystals could be felt in the appendages
and abdomen. Once removed from the chamber and left at room

temperature, the frogs would revive fully within 1 hour. By the
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Figure 9. An example of a recording made when a chorus frog was
supercooled. 1In this case the supercooling limit was

approximately -3.0°C and the freezing point was -0.5°C.
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Table V. Supercooling limits and freezing points in the chorus

frog and garter snake.

Acclimation Supercooling Freezing Point
Animal Temperature Limit °cC
°C n °C x + SE
x + SE
Pseudacris 0° 3 -2.96 + 0.13 -0.88 + 0.12
Pseudacris 5° 4 -3.12 + 0.12 -0.70" + 0.10
Thamnophis 1° 2 -2.35 + 0.25 ~0.62: + 0.12
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following day, the eyes cleared and vision seemed normal. All

revived, supercooled frogs were kept for over one month.

Frogs which were supercooled, frozen 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 revive.

To see if other poikilotherms of Manitoba also had this

ability to supercool, the garter snake Thamnophis sirtalis

parietalis was also tested. Animals used were those that had
just come out of hibernation or were still in hibernation.

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

So it appears that the boreal chorus frog does have the
ability to supercool, apparently to a slightly greater degree

than the garter snake under laboratory conditions.
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DISCUSSION
1. Temperature and photoperiod effects on fall and spring frogs.

Among frogs caught in the fall and acclimated to 0°, 5°
and 10°C with a 121~12D or 0L-24D photoperiod, the plasma
osmolality decreased with decreasing temperatures. There was an
exception to this in the case of the 10°C, 12L-12D acclimated
frogs, where the osmolality dropped from that at 5°C. This
reduction in osmolality is not in agreement with the results in
the OL-24D acclimations 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

infection).

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

decrease in plasma osmolality is common at low temperatures
(Schmidt-Nielsen and Forester, 1954; Miller et al., 1968). The
aquatic green frog R. clamitans becomes hydrated at 5°C and the
plasma osmolality correspondingly decreases. When these frogs
are warmed up the excess water is excreted. This phenomenon oc-
curs in the frog's natural habitat in fall and winter as well.
The dilution of electrolytes in cold treated R. pipiens has also

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

tion might not be as efficient.

Thus in the case of the chorus frog, this decrease in

plasma osmolality at low temperatures could be a result of:

(1) an overall hydration of the frog;

(2) movement of water out of the tissues and into the

plasma;

(3) movement of ions out of the plasma and into the

tissues.
Both the movement of water out of and the movement of ions into

the tissues would increase tissue freezing resistance.

In reference to the overall hydration of the frog, the
percent total body water values at the various acclimations did
not change significantly (P{.05). But the hydration necessary
to decrease the plasma osmolality may be so slight that it would
not be detectable due to the lack of sensitivity in the procedure

used.

To test this idea, the fall animal data was examined.
The mean weight of these animals was 0.4788+ 0.0179 g. Plasma
volume is approximately 7% of the body weight (Gordon, 1972), thus
the amount of plasma in a frog this size should be approximately
0.0335 g. The mean osmolality of the 10°C fall frogs was 0.1956

m NaCl and for the 0°C frogs it was 0.1425 m NaCl. It 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 0.1425 m NaCl.
This addition of water should result in a 2.6% increase in
percent body water of the animals at 0°C. Comparing the mean
percent body water values at the two acclimation temperatures
the difference is 1.7247 which is less than the expected change.
If the 957 confidence intervals are observed, rather than the
means, the maximum possible change is 2.538% which is slightly
larger than the theoretical expected change. It is possible
that this small hydration does account for the dilution of the

plasma.

In the spring animals the 0°C 81L-16D acclimated frogs
had a plasma osmolality which was significantly lower than that
of the 10°C 12L-12D acclimated frogs. Again the water contents
did not vary significantly between the two temperature acclima-
tions. The theoretical change in water content was again
calculated and found to be 1.37%. The 95% confidence intervals
of the two mean water contents (0° and 10°C) allows a maximum
possible difference of 1.057%. This value is very close to the

theoretical percent change expected.

It is possible that slight hydration is occurring, but if
it is not then the plasma must be losing ions to the tissues or

else water is being shifted out of the tissues and into the
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plasma. Hydration would allow the animal to tolerate greater
desiccation which a terrestrial overwintering frog might be
subjected to during the winter. However, hydration would not be
advantageous to the animal if it were subjected to temperatures
at or below 0°C because it would be diluting body fluids and

therefore the animal would be less resistant to freezing.
2. Tissue water contents in spring animals

Because plasma osmolality changed with temperature and
there was no significant change in total body water, partition-
ing of water within the frog seemed likely. The water content
was found to significantly increase (P{.05) at low temperatures
in the muscle and although the differences were not significant
in the other tissues, there was a trend towards increasing water

content at low temperatures.

Stangenberg (1955) reported a higher muscle water content

in cold-adapted Rana esculenta, but Rieck (1960) and Bishop and

Gordon (1967) reported that Rana pipiens muscle water content

was constant during cold acclimation. So it appears that adapta-
tion to cold in terms of water content can vary even among frogs

which overwinter subaquatically.

In Pseudacris there is an increase in the water content
of the tissues as well as a dilution of the plasma at low

temperatures. Even though the total body water content did not
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increase significantly at the low temperature, this tissue
water content data tends to support the idea of overall hydration.
If in fact, the total body water values do not change at low
temperatures possibly the ions in the plasma are being shunted
into the tissues as an adaptation to cold i.e. resistance to
freezing. But the mechanism may be imperfect and water may
follow into the tissues by osmotic pressure. The result of this
would be:

(1) no change in total body water content;

(2) an increase in tissue ion concentration and water

content;

(3) a decrease in plasma osmolality;

(4) a decrease in plasma volume.
Three of these effects were observed 1i.e. (1) no significant
change in total body water content (assuming the method of water
determination was sensitive enough), (2) an increase in tissue
water content, (3) a decrease in plasma osmolality. Tissue
osmolality (intracellular) and plasma volumes were not measured
because of limited facilities and experimental animals. An
attempt was made to record hematocrit values in blood samples
but it was found that lymph was sometimes taken up with the blood

samples causing the hematocrit values to fluctuate .

Increasing the tissue osmolality would be advantageous

as an antifreeze mechanism. But it must be noted that these
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frogs in addition would lose water to the freezing environment
causing the ionic concentration in the tissues, particularly
the muscle to increase. Thus these animals must be able to

tolerate high intracellular salt concentrations.
3. TIon levels in the plasma

In the experiments on fall frogs, chloride ion levels were
determined in the plasma samples. There was a high correlation
between Cl1 levels and plasma osmolality (r=0.8225). Hibernating
green frogs (genus and species not named) taken from the ponds
during winter and brought into a warm laboratory were found to
give off large quantities of urine rich in chloride ious
(De Haan, 1972). This supports the idea that changes in plasma

osmolality may be due to fluctuations in chloride ion levels.

In the experiments on spring frogs, Cl levels were not
determined, instead Na+ and K+ readings were done. Both Nat+
and K+ levels did not change significantly between the 0°C and

10°C acclimations, although the plasma osmolalities did.

Moore (1964) gives the Cl levels in frog plasma as
ranging between 64 and 96 m moles/liter (genus: Rana, but no

species named). Gordon (1972) gives Cl wvalues in Rana esculenta

of 75 m moles/1 and Nat+ levels of 105 m moles/l. 1In Rana
temporaria there was 74 m moles Cl /1, 104 m moles Na+/1l, and 2.2

m moles K+/1.
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Chorus frogs collected in the fall had much higher C1
levels than those reported in the literature. This again supports
the idea that a chloride ion level increase causes a change in

the plasma osmolality.
4. Seasonal variation in water content and plasma osmolality.

When size difference was corrected for, it was found that
the spring frogs actually had a significantly higher water content
than the fall frogs. Therefore the low plasma osmolality in the
spring frogs may be due to the increase in overall water 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 osmo-
regulatory mechanism may not be as efficient as aquatic frogs
in dealing with excess water intake. Also, in the spring, water
temperatures were quite low and as discussed before the frogs
might not have been capable of effective osmoregulation. This

has been found in the aquatic bullfrog, Rana esculenta which

increases body water when transferred from room temperature to
low temperatures of 2 to 3°C (Jgrgensen, 1949), so it may be

occuring in Pseudacris as well.

In the winter when the surrounding free water freezes,
these frogs are subject to desiccation. Therefore, prior to
emergence in the spring they are probably at their tolerance

limit for desiccation. On emergence, due to the availability of
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water i.e. spring run-off, they dehydrate rapidly.

From the results, the fall frogs seem to be dehydrated

when compared to spring frogs.

Schmid (1965) determined the osmolarities of plasma
samples from a number of anuran species (osmolarity and osmolality
are considered equivalent at the level of biological fluids
(Gordon, 1972). The values ranged from 0.153 M NaCl in the

aquatic mink frog, Rana septentrionalis to 0.1710 M NaCl in

the terrestrial common toad, Bufo americanus and 0.1625 M NaCl

in the semi-terrestrial wood frog, R. sylvatica. From the

above values there seems to be a trend of increasing'plasma
osmolality in the more terrestrial species of anurans. Since
Pseudacris is semi-terrestrial, one would expect a plasma
osmolality somewhere between thevaquatic and terrestrial values.
But the experimental value obtained in fall frogs is higher even
than that of the terrestrial toad B. americanus, suggesting

hemoconcentration in Pseudacris.

Spring animals had plasma osmolality values that were
even lower than the values found for the aquatic mink frog,

R. septentrionalis, suggesting hydration of the chorus frogs in

the spring.
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In the gartersnake Thamnophis sirtalis parietalis, the

water content decreases in the fall (Aleksiuk and Stewart, 1971).
It was stated that this could be a mechanism of resistance to
freezing i.e. hemoconcentration. TFarrell (1971) found that the

tree frog Hyla crucifer had a reduced water content at 7°C as

compared to 20°C. Their tolerance to desiccation was also greater

at 7°C.

Poikilotherms lose water to varying degrees when exposed
to cold or they will resist water loss completely. 1In the two

turtles Terrapene cardina c¢arolina and Pseudemys scripta elegans,

hemoconcentration occurs at low temperatures (Hutton and Good-

night, 1957). 1In the grass snake, Natrix natrix there is a very

slight degree of hemoconcentration (Binyon and Twigg, 1965) and in

the turtle Chrysemys picta, hemodilution occurs in cold torpor

(Musacchia and Sievers, 1956).

Pseudacris does have an increased plasma osmolality in
the fall, suggesting that it does hemoconcentrate and that this
change is not induced by temperature alone, but is a seasonal

adjustment.
5. Ability to supercool ,

Chorus frogs were found to supercool by approximately 3°C

below the freezing point of their body fluids.

Lowe et al. (1970) state that the supercooling limit is

directly proportional to the freezing point. Since it was found
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that the plasma osmolality decreased at low temperatures during
short term acclimations it would be expected that the freezing
point and associated supercooling limit would not be as great
at 0°C as at 5°C. Also the fall animals with a much higher
osmolality would be expected to supercool to an even lower

temperature.

To see if other poikilotherms common to Manitoba are
capable of supercooling, the red-sided garter snake, Thamnophis

sirtalis parietalis was tested. They supercooled to -2.0°C.

Pseudacris, therefore, can supercool to a slightly lower level

than the garter snake.

Bailey (1949) found that Thamnophis radix could withstand

a minimum temperature of -2.0°C. He attributed this tolerance
to (1) gradual physiological preconditioning to low temperatures
(2) the low temperature of crystallization of protoplasm as
compared to water and (3) supercooling of the body tissues.

Supercooling limits in T. sirtalis parietalis seem to agree

with results obtained by Bailey (1949).

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 experiments were done with faster rates and the

results were the same. Possibly with slower cooling rates, more
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in line with natural situations, the supercooling limit would have

decreased.

Kirton et al. (1973) tagged wood frogs R. sylvatia in
Alaska and followed them to their overwintering sites. He
monitored the temperatures at these sites and found three frogs

survived temperatures of -5°, -7° and -9°C.

Vincent (1971) monitored ground temperatures at a depth
of 21 cm. and 56 cm. in a natural snake den and found the temp-
eratures never went to below -3.0°C and in an artificial lime-
stone den the lowest temperature was approximately -5.0°C at

0.3 m below the surface.

The most likely overwintering sites for Pseudacris in

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

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

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

in such areas probably provides sufficient insulation to prevent

ambient temperatures from dropping below -5.0°C. Although this
value is lower than the supercooling point of chorus frogs in
the laboratory, they may well supercool to a lower temperature
in nature. Also, ambient temperatures of -5.0°C at or near the
soil interface are not a regular feature of soil temperature
profiles in Manitoba, nor do they persist for a great length of

time. Temperatures between -1°C and -3°C at the soil-snow




50

interface are more usual over the winter as a whole, and these
temperatures are within the observed supercooling range deter-

mined in the laboratory for Pseudacris.
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CONCLUSIONS

1.

Plasma osmolality decreased at low temperature acclimations
in both fall and spring frogs. The biological significance

for this is not obvious.

Fall animals had a much higher plasma osmolality and a lower
total body water content than spring animals. This hemo-
concentration may be an active freezing resistance mechanism,
but it is not extensive enough to allow the animals to

tolerate very low temperatures without freezing.

Temperature affected the total water content, plasma
osmolality and chloride ion levels of chorus frogs, whereas
photoperiod did not. This shows that temperature plays a
more important role in triggering overwintering physiological

adaptations in Pseudacris.

The boreal chorus frog can supercool to approximately -3.0°C.
Selection of appropriate overwintering sites and the ability
to supercool probahbly allows the chorus frog to survive with-
out additional freezing-resistance mechanisms. In fact,
freezing may not be as serious a problem to these frogs as

dehydration would be.
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Appendix A.

Starvation Experiment

I. Bartlett's Test

56

Treatment d. Variance s
i 4 0.5951

2 6 19.0649

3 8 10.9651

4 9 9.2575

5 4 5.3599
M/C = 9.1280

%% (.05,4) = 9.49 (4 d.f.)

Variances are homogeneous at P(ﬁOS level,

II. One-way Analysis of Variance

Source of Variation d.f. SS MS
Treatment 4 53.6968 13.4242
Error 31 309.2490 9.9757
Total 35 362.9458

= 1.3456

F 05(4,31) = 2.68

". Means are not significantly different




Appendix B

Fall Frog Experiments
I. Bartlett's Tests

a. Water Content

Treatment == .= . . C.o..odJE. Variance s2

L1192
L1127
.9004
.2011
.0628
.3504

N U N
O WO WO W O W
w = o U W B

M/C = 7.1917 (5 d.f.)
x> (.05,5) = 11.07

Variances are homogeneous at P<.05 level.

b. Plasma Osmolality

Treatment d.f. Variance S2

.0004
.0002
.0006
.0001
.0003
.0001

SN B~ W N
~N N N Oy O
o O O o O O

M/C = 8.4493 (5 d.f.)
X% (.05,5) = 11.07

Variances are homogeneous at P(ﬁOS level.
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c. Chloride Levels

Treatment d.f. Variance s
1 1 162.0

2 3 101.583

3 2 171.0

4 2 2.333

5 2 63.0

6 3 22.0

M/C = 6.6664 (5 d.f.)
x> (.05,5) = 11.07

". Variances are homogeneous at P<305 level.

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

Anova Table
Source d.f. SS MS F Significance
*T 2 7.289 3.645 0.9216 N.S.
P 1 4,400 4,400 1.1125 N.S.
TP 2 35.160 17.580 4.4450 SIGN
Within 54 213.550 3.955
Total 59

F.05(2,54) = 3.17
F.05(1,54) 4.02
F.05(2,54) 3.17

*T = Temperature
P Photoperiod

Acclimation temperature and photoperiod individually do not have
an effect on the water content of the frogs. There is a signifi-
cant interaction at P<305 level.
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III. Duncan's New Multiple Range Test on Pairs of Means of Water
Contents in Fall Frogs.

A B C D B F
Acclimations: 0°c 5°C 10°¢C 0°cC 5°C 10°C
OL-24D  OL-24D OL-24D  121-12D 12L-12D 121-12D
X (%) 80.62 78.31 78.89 79.0 79.79  80.65

Sx = Jerror M.S./r

= 0.629

d.f. = 54

Values of P: 2 3 4 5 6
SSR 2.846 2.996 3.086 3.156 3.206
LSR 1.790 1.884 1.941 1.985 2.016

Pairs Difference Significance

F-B = 2.36 > 2.016 Significant

F-C = 1.76 £ 1.985 NS

F-D = 1.65 £ 1.941 NS

F-E = 0.86 < 1.884 NS

F-A = 0.03 { 1.790 NS

A-B = 2.3 > 1.985 Significant

A-C = 1.73 ¢ 1.941 NS

A-D = 1.62  1.884 NS

A-E = 0.83 < 1.790 NS

E-B = 1.48 ¢ 1.941 NS

E-C = 0.90 < 1.884 NS

E-D = 0.79 < 1.790 NS

D-B = 0.69 (¢ 1.884 NS

D-C = 0.11 ¢ 1.790 NS

C-B = 0.58 ¢ 1.790 NS




IV. The Effect of Temperature and Photoperiod on the Plasma
Osmolalities of Acclimated Frogs. Two-Way Analysis of
Variance

Preliminary ANOVA

SOURCE d.f. S.S. M.S. F
Among Cells 5 0.0160 0.0032 8.9385%
P ignoring T 1 .000032

T ignoring P 2 .009100

Within Cells 43 0.0154 0.000358

* Significant at P{.01 level

F o1 (5,43) = 3.475

Simultaneous Equations

Assume YijK = u +Xi + Bj + EijK
= +

m 8.1190 = 49m + 23Pl + 26p2 + l7tl + l6t2 16t3

Py 3.8010 = 23m + 23pl + Op2 + 7tl + 8t2 + 8t3

P, 4,3180 = 26m -+ Opl + 26p2 + lOtl + 8t2 + 8t3

ty 2.5195 = 17m + 7p1 + lOp2 + l7tl + Ot2 + Ot3

t, 2.7035 = 16m + 8p1 + 8p2 + Otl + l6t2 + Ot3

t3 2.8960 = 16m + 8pl + 8p2 + Otl + Ot2 + l6t3
Solutions: m = 0.0493, Pq= -0.1510, P, =-0.1480

t= 0.2482, t,= 0.2692, t3 = 0.2813
= iY¥j -CT
R (t, p) mY...+§ t, oyt gp k| ‘
1 J
= 0.0096

Final ANOVA
SOURCE d.f. S.S. M.S. F
Photoperiod 1 0.0001134 0.0001134  0.3167
Temperature 2 0.0094002 0.0047 19.70949%*
Interaction 2 0.0064 0.0032 8.93850%
Within 43 0.000358
F.01 (2,43) = 5.135

F.01 (1,43) = 7.24

* Temperature and Interaction are Significant at P<.Ol Level.




V. Comparing Plasma Osmolities (Cont'd).

Multiple Range Test - Least Significant Difference.

x-xjyt

ot

(.05,43)

0]
I

0°c
OL-24D
A

X 0.1425

Comparisons

Ubdbd"lrj"l-d"lxj$itldl.’dMOO(‘\’)O
FOPHUOPEPOOPEHAERO R
o wnonn

2.
0.

M1

QOO O OO OCOOOOOCOOOO0O

%) S 1 +1

ni nj
017
01892
5°C 10°cC
0L-24D  OL-24D
B C

0.1548 0.1956

I
51
ot

.0531
L0434
.0408
.0293
.0125
.0406
.0309
.0283
.0168
.0238
L0141
L0115
.0123
.0026
.0097

@) s’_l_ R
n, n,
1

OO0 OO OO OOOOOOO0O

0°C
121.-12D
D

0.1522

.0212
.0192
.0204
.0204
.0204
.0212
.0192
.0204
.0204
.0212
.0192
.0204
.0212
.0192
L0212

5°C

10°C

121-12Dp 121L-12D

E

0.1831

J

F

0.1663

Significance

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

Sign.
Sign.
Sign.

Sign.
N.S.

zZ =z 2=
v wnwnn

61



Appendix C.

Spring Frog Experiments

I. Testing for Homogeneity of Variances (2-tailed F test)

Treatment = . . d.f.. 32
a) Water Content 1 9 2.2473
2 8 2.9732
F = 1.323
F
.05 (8,9)= 4.10
Variances are Homogeneous
b) Osmolality 1 8 0.0003
8 0.0001
F=3.0
F
.05 (8,8) = 4.43
Variances are Homogeneous
c) Na' Levels 1 8 56.9652
2 5 40.6000
F = 1.4031
F
.05 (8, 5) = 6.76
Variances are Homogeneous
d) K+ Levels 1 8 1.3375
2 5 1.5164

1.1338

T .05 (5, 8) = 4.65

Variances are Homogeneous




Appendix D.
Tissue Water Contents

I. Testing for Homogeneity of Variances

63

Treatment d.f. Variance s
a) Hind Legs 1 9 1.3374
2 9 1.5266
F = 1.1414
F
.05 (8,8) = 4,43
Variances are Homogeneous
b) Forelegs 1 9 1.9449
2 8 0.6675
F=2.9137
F
.05 (9,8) = 4.30
Variances are Homogeneous
¢) Heart 1 9 27.8653
2 9 10.3032
F o= 2,7045
F
.05 (9,9) = 3.96
Variances are Homogeneous
d) Liver 1 9 3.1658
2 9 0.6999
F = 4,5232
F.05 (9,9) = 3.96
Variances are not Homogeneous
e) Total Body Water 1 8 2.9713
2 9 2.2473
F=1.322

F 05 (8,9) = 4.10

Variances are Homogeneous




Appendix E.

Comparison of Spring and Fall Frogs

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

64

Treatment d.f. Variance s

a) Total Body Water

Body Water

at 10°C 1 (spring) 9 0.5811
2 (fall) 19 1.3446

F = 2,3138

F.05 (19,9) = 2.77

Variances are Homogeneous

Body Water

at 0°C 1 (spring) 8 1.0659
2 (fall) 19 1.3501

F=1.2666

F

.05 (19,8) = 2.91

Variances are Homogeneous

b) Osmolality

10°C 1 (spring) 8 0.0003
2 (fall) 15 0.0004

F = 1.33

F

.05 (15, 8) = 4.10

Variances are Homogeneous

0°c 1 (spring) 8 0.0001
2 (fall) 16 0.0004

F=4.0

F o5 (16,8) = 4.10

Variances are Homogeneous
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Appendix G.

Correcting Spring and Fall Water Contents of Frogs for Size
Variation.

-2.14
0.1177g.

loge L x dry weight (for all animals |

x dry weight
Spring standard water weight at x weight:

WW
DW = dry weight

water weight

log WW = log a + b log DW
= .833 + .7261 (-2.14)
= -0.7208

. . WW = 0.4863 g.

Fall standard water weight at x dry weight:

log WW = log a + b log DW
= 7550 + .7441 (-2.14)
= ~0.8374

. . WW=0.4328 g.
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