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TEMPERATURE RESPONSES
IN FREE-LIVING AMPHIBIANS AND REPTILES
OF' NORTHEASTERN KANSAS

By
Henry S. Fitch
INTRODUCTION

Crivatic Facrors anp Apaprations 1o THEM —The field study
here teported upon, of temperature in amphibians and reptiles
was made chiefly on the University of Kansas Natural History
Reservation, 5% miles north and 1% miles east of the University
campus, in the most northeastern section of land in Douglas County.
The general region, being near the geographical center of North
America, is characterized by a continental climate, with seasonal
extremes of temperature and with frequent sudden changes at all
times of the year. Ectothermal animals of terrestrial habits living
in such a climate must have developed behavior patterns limiting
their activities in time and space to stay within a tolerable tempera-
ture range, avoiding the extremes of high and low temperature
which occur frequently in the general environment.

Flora (1948) has thoroughly described the climate of Kansas
and has presented data for many specific localities in the state,
including Lawrence, only a few miles from the site of my study.
Data from the Lawrence weather station provide the following
jtems of information: For killing frosts, average latest date in
spring is April 10 and average earliest date in autumn is October
93, Average length of the growing season is, hence, 196 days, but
in different years it has varied from 221 days to 164 days. Kiliing
frosts have occurred as late as May 6 and as early as September
97. Recorded temperatures have ranged from 45.5° C. to —31.1°
(see Table 1).

TABLE 1.—~MONTHLY TEMPERATURES IN DECREES CENTIGRADE, MEAN, EXTREME
MaxiMuM, AND EXTREME Minmvun, FOR LAWHENCE, Kansas

Jan. Feb., Mar. Apr. May June July Aug. Sept. Oct. Nov. Dee.

Mean -1.2 3.9 6.0 12.8 18.2 23.226.1 25.3 21.0 14.6 5.4 .5
Maxi-
mum 22.8 28.9 82.7 34.5383.0 41.6 45.0 45.6 41.1 36.7 25.5 24.4
Mini-
mum —28.9 -31.1 -19.4 -11.7 -1,1 4.4 10.0 6.7 -.6 -8.9 -15.6 -26.1

(419)

o
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Reptiles and amphibians are notably sensitive to temperature.
In the Life-zone system developed by C. H. Merrdam and his
co-workers many kinds were listed as indicators. Relatively few
range throughout several life-zones and there are many that are
characteristic of a single life-zone. It is characteristic of reptiles
that the optimum temperature is only a little below the critical
maximura. There is a much wider range between the optimum
level and the critical minimum, At progressively lower tempera-
tures the animal becomes increasingly inefficient in its gemeral
activity and incapable of essential functions. Chadwick and Rahn
(1954:442), for instance, found that the rate of vibration of the
tail in a rattling prairie rattlesnake was directly proportional to
temperature over the range 37° C. to 5° At the higher tempera-
tures the rate was even higher than the speed of vibration of a
hummingbird’s wing. At 8 the rate was decreased to less than
one-{fifth of the maximum.

Environmental temperatures thus control to a large extent the
time, place and degree of activity, and impose limitations on the
distribution and movements. The Reservation is situated in an
area near the margins of the geographic ranges of many species
of “cold-blooded” vertebrates. In general, species characteristic
of the humid deciduous forests of the eastern United States reach
their western limits at approximately this longitude, and others
characteristic of the drier regions of the Great Plains and more
western states reach their eastern limits in this region. Several
species of southern distribution reach their northern limits near
the Reservation.

A total of nine species of amphibians and 26 species of reptiles
have been recorded from the University of Kansas Natural History
Reservation, and at least 24 other species are known to occur within
a ten-mile radius. Among these many kinds are animals of ex-
tremely diverse habits, and each species is subject to somewhat
different limiting factors. Certain species that tend to be ecologi-
cally similar show common trends in their responses to temperature
and in their ranges of tolerance to temperature.

For each species, environmental temperatures during part of the
annual cycle are so low that all activity is inhibited, and so low that
death would invariably result if sufficiently insulated hibernation
shelters could not be found. For all essential activities, such as
breeding, fighting with rivals, feeding, escaping from enemies,
travelling, or emerging from shelter, there are separate threshold
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temperatures. In general, the thresholds are successively lower for
each one of the siX important activities listed. These thresholds
vyary but little between individuals of a species but they differ
greatly between species. All practice behavioral thermoregulation
to some extent, altering their temperatures from that of the general
environment by shifts in position or changes in orientation. The
temperature range within which the individual can efficiently per-
form all or most of its essential functions may be limited to certain
situations and to certain times in the annual and daily cycles. In
the amphibians moisture requirements impose even more severe
restrictions on the time and place and extent of activity. For both
amphibians and reptiles, morphological, physiological, and be-
havioral adaptations are to & Jarge degree designed to overcome OF
circumvent the limitations imposed by sensitivity to moisture and
temperature. RBehavioral theromoregulation includes warming by
insolation to maintain the body temperature near the optimumni level
(often much different from that of either the air or the substrate),
and the habit of seeking insulated shelters to escape temperatures
of the general environment that are either too high or too low,

The main groups of amphibians and Teptiles, namely the frogs,
wurtles, lizards and snakes, differ somewhat in their tolerances of
temperature extremes and in their preferred or optimum tempera-
tures. In general, the body temperatures maintained are higher in
lizards than in snakes, higher in snakes than in turtles, and probably
higher in turtles than in frogs, but there are exceptions to this trend.
Those species that habitually frequent open situations and maintain
their body temperatures by basking in direct sunlight all have rel-
atively high optima. This group includes nearly half of the species
studied. It is noteworthy that species of amphibious habits prefer
somewhat lower temperatures than do strictly terrestrial species.
Certain other species generally avoid direct sunlight and regulate
their body temperatures by resting on the surface of the soil
beneath, and in contact with, flat rocks that are warmed by the sun.
Species of a third group are nocturnal in their prowling, and ordi-
narily neither bask in the sunlight nor depend on sunshine-warmed
rocks to maintain their body temperatures: (except that in cool
weather of spring and summer SOme of them temporarily alternate
to daytime activity ). Still other species are more or less persistently
subterranean, generally remaining beneath the soil surface even
when they are active, in contrast with those that emerge for their
periods of activity.
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MEeTHODS.—The present account is based mainly on observations of reptiles
and amphibians under natural conditions, and study of their temperature re-
lationships at different seasons under the special climatic conditions prevailing
at this locality, A small amount of experimentation was done, and occasional
observations are included on captive individuals under unnatural conditions.

No exhaustive search of the literature concerning temperature relationships
of amphibians and reptiles has been made, but a number of earlier publications
have been cited that are of special significance or that have pertinent informa-
tion concerning the species herein discussed, or closely related species.

At the University of Kansas Natural History Reservation field work is
carried on nearly every day of the year on a variety of ecological problems.
In the course of routine field work I recorded temperatures and responses of
amphibians and reptiles living under natural conditions. I usually carried a
small Schultheis thermometer of the type first used and described by Bogert
{1949:197), and with it recorded body temperatures of the animals and their
surroundings.

Many of the amphibians and reptiles examined were in live-traps of dif-
ferent types. For such vestrained individuals body temperatvres ordinarily
were not recorded because the situation was unnatural, but temperature read-
ings from such trapped animals occasionally yielded significant data regarding
tolerance of high temperature, or capacity for movement at a temperature be-
low the normal range of activity. At each capture other than those made with
traps a temperature reading was taken immediately. In snakes and lizards and
the larger amphibians the small thermometer bulb was inserted deeply in the
cloaca. In the smaller amphibians, Acris, Pseudacris and Gastrophryne, the
thermometer bulb was used to force the mouth open, and was inserted deeply
into the stomach. Approximately 15 seconds were required to obtain a tempera-
ture reading. During this time the animal was held down and handled with
heavy leather gloves or with several layers of cloth to prevent absorption of
heat from the hand of the field worker. In the smallest animals even such
handling resulted in disturbance of the delicate temperature equilibrium from
the separate heat sources of substrate, air and direct sunlight, so that changes
occurred which may have been sufficiently rapid to affect the reading obtained.
In the larger animals, body temperatures were found to be much more stable—
so that even contact with the bare hand did not affect the temperature ap-
preciably in the short time vequired to obtain a reading. In each instance the
position and activity of the animal was recorded, whether it was in the open
or under shelter, and whether it was in shade or sunlight. Air temperature at
a height of 40 inches above the point of capture was routinely recorded, and
other readings from air and substrate were sometimes taken.

In the present study a total of 1577 body temperatures were obtained for
29 species of amphibians and reptiles. More than 400 readings were obtained
from the collared lizard, with smaller numbers for the other kinds, down toa
single reading for one of the species. However, for 19 species, body tempera-
tures were obtained in numbers sufficient to show the trends, All temperatures
in this report pertain to the Centigrade scale but some were originally recorded
in Fahrenheit.
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ACCOUNTS OF SPECIES

Bufo americanus.—Smith (1930:81) states that in Kansas “Males
have been heard calling as early as March 24 and us late as April
98" At the pond near the Reservation headquarters breeding aver-
ages considerably later than these dates would indicate. In 1930
toads were first heard trilling on April 10 at 1 P. M. when the air
temperature was near 22.2°. By April 22 the chorus was at its peak.
Tn 1951 the Arst calling was heard shortly before dusk on April 23
at an air temperature of 21.2°. Calling increased in volume rapidly
and was near the peak by April 26. In 1952, a chorus was first
heard on April 21, following several warm days with temperatures
of approximately 23° and a rain of more than an inch, By April 29
these toads dominated the chorus at the pond. In 1953 and 1954
breeding was delayed by drought. In April 1953 no water was
available at the pond or elsewhere on the area. Rain on May 4 and
5 totalled nearly an inch; by May 7 shallow water had collected
in the bed of the pond, and that evening several toads were heard
trilling. A little more than 1.5 inches of rain fell on May 16 and 17.
On the morning of May 18 the pond was filled to overflowing, and
there was a great chorus of toads., Air temperature was approxi-
mately 17°.

In 1954 the first toad recorded was seen on April 23 at the en-
trance of a deep crevice in a hilltop rock ledge in early afternoon,
perhaps just emerging from hibernation. It was partly in sunshine;
the sky had begun to clear only 2 few minutes before. The toad
was alert and wary, and several times when the observer ap-

TapLE 2.—Bony TEMPERATURES OF AmenicaN Toans IN BREEDING CHORUSES,
AND TEMPERATURES OF THEIR SURROUNDINGS,

Date Toad Air Water
temperature | temperature temperature
May, 6, 1854, 8P M..........oonn 20° 13° 20°
May 29, 1954, 7:45 PM.... 23.6° 24.5° 24.8°
May 29, 1954, 745 PM............ 25.3° 24 .5° 24.8°
May 20, 1954, 7:45 PM............ 22.5° 24, 5° 24.8°
May 29, 1054, 7:45 PMoioeeoro. 24.0° 24.5° 24.8°
June, 1, 1954, 9P M. ..o 21.4° 14.8° 24.3°
June 1, 1954, 9P M.l 23.9° 14.8° 24.3°
June 4, 1954, ... ... 23.5° 14.0° Not recorded
April 27,1055, . ..o 21.7° 27.4° - 21.7°
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proached, it ram back into the crevice, each time emerging
cautiously a few minutes later. The first breeding chorus in 1954
was heard at 8 P. M. on May 6 and in the next few weeks choruses
were heard from time to time on warm evenings after heavy rains.

In 1955 the pond was full throughout the season, and availability
of water was not a limiting factor, Calling was first heard on
April 12 after a rain. A single toad was trilling at 4 P. M., when
air temperature was 23.3° and water was 21.5°. By nightfall several
more had arrived and joined the first one in a chorus. More rain
fell during the night and the weather continued mild. On April
13 calling continued throughout most of the day. All the toads
were concentrated in an area about 30 feet in diameter where the
water was one to two feet deep. Twenty-one toads including six
mated pairs, were caught and marked. Breeding was at its height.
Air temperature was 15.8° and water was 21.0° The afternocon
was windy with falling temperature. By 4:30 P. M., when air
temperature was 14.3° and water was 19.0°, the chorus had ceased,
aithough in the following hour there were occasional half-hearted
attempts at calling by several different individuals. On several
subsequent occasions when the toads were heard calling, tempera-
ture of both air and water was above 20.0°.

Piatt (1941:264) recorded water temiperatures of 23°, 94.5° 25.5°,
and 24.5° at times in late April and early May when toads were
breeding.

From time to time throughout the seasou of activity on the
Reservation toads were found active in daylight, always at times
when the humidity was high. Most of these were small young,
which were of course far more numerous than the adults in years
of successful reproduction. The records were obtained mostly in
hot weather of mid-summer, when the young were most abundant.
These records therefore perhaps reflect the upper limit of volun-
tary tolerance but may not show the entire range or the preferred
level, if there is one. The toads were mostly found in damp scil
in thick woods. They were usually in heavily shaded places, but
did not avoid patches of sunlight. After sunset toads were often
found foraging in more open places where none was active in the
hotter part of the day. The 72 body temperatures recorded ranged
from 32.3° to 17.5° but 57 were in the relatively narrow 26.3° to
31.0°

In the San Bernardino Mountains of southern California the toads
(B. boreas) were found to depend on burrows of the golden-
mantled ground squirrels and pocket gophers for shelter from both
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unfavorably high and unfavorably low temperatures in the outside

environment (MuHally,

PSEUDACRIS

1052:275).

o

NUMBER a(}F RECGCROS
}

BUFO

15 20 25 30

Q 3D
DEGREES CENTIGRADE

Fic. 1. Body temporatures recorded in
five kinds of frogs and toads. For each
kind a temperature near 29° secms
to be preferred, but the cricket frog
and chorus frog are active at relatively
low temperatures. For the American
toad preferred temperatures and maxi-
mum temperatures are somewhat lower
than for the others. The ant-eating
frog and ericket frog tolerate relatively
high levels.

Fven in spring and autumn
when temperatures at night
were consistently below freez-
ing the toads were nocturnal in
their activity. Their emergence
from burrows seemed to be de-
termined by light intensity, but
presumably diurnal foraging
wonld expose the animals fo
the danger of desiceation. Body
temperatures of foraging toads
on October 19 and 20 varied
from 12.0° to 3.0° the latter
being the minimum tempera-
ture at which normal activity
is possible. At about this
temperature the toads retired
underground and individuals
restrained on the surface froze
solid and were killed at ap-
proximately —2°. Mullally was
able to detect slight tempera-
ture differences between the
dorsal and ventral parts of the
body by taking deep cloacal
readings. The dorsal half was
glightly more affected by the
air temperature, but both dor-
sal and ventral parts were
much nearer to the tempera-
ture of the substrate than to
the temperature of the air.

Stuart (1951:221) found that

in Bufo bocourti of the Guate-

malan highlands the critical
minimum temperature is
slightly below 3.5° while in
B. marinus of the nearby low-

lands, the critical minimum is in the neighborhood of 15°. Critical
maximum temperatures similarly differ in these two species, ap-
proximately 34° to 85° and 41° to 427, respectively.
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Bufo woodhousei—The garden toad is rarely found on the reser-
vation and has never been heard in the breeding chorus at the
pond. However, it is common on nearby areas where habitat
conditions are more favorable. On July 6, 1955, at dusk, a small
adult found foraging on a road had a body temperature of 26.5°
when air was 25.6>. On July 10, 1955, a young one less than half-
grown was found at 10:42 A. M. sitting in sunshine on damp sandy
soil of a field near the Kaw River. This toad had a body tempera-
ture of 33.7° (air 32.7°), which was higher than was recorded in any
individual of B. americanus. This suggests that the garden toad is
more tolerant of heat. ‘

Acris gryllus—The cricket frog, usually found near the edge of
water, in damp situations, is active over a wide range of tempera-
tures, from slightly sbove freezing to summer heat. Of the 59
species of amphibians and reptiles in the area of this study, the
cricket frog is the only one that is commonly seen in winter. When
there are unseasonably warm sunny days, these frogs may be
found in small numbers at the edge of the water in the same situa-
tions where they are abundant in summer. These seem to be only
a small proportion of the total population, and probably are the
individuals that have attempted hibernation in the more super-
ficial situations, and as a resilt have been activated by rising
temperatures.

Several hopped into the water when I passed one corner of the
pond on the moming of November 14, 1951, while there was
still frost on the ground in shaded places. On the morning of
December 4, 1954, when the sky was overcast and air temperature
was 10.4°, a frog hopped sluggishly over the concrete slab in a
gully bottom. On January 16, 1952, when the air temperature
was 18.3°, four were flushed along a 50-foot stretch of pond edge.
The pond surface at this time was partly covered with ice, although
ice had melted along the edges after several days of warm weather.
On February 9, 1952, a clear sunny day, many were seen along
the edge of the pond at 2:30 P. M. when the air temperature had
reached approximately 15.6°. Temperatures had been below freez-
ing for several nights previously.

In March 1955, cricket frogs could be found along the edge
of the pond at almost any time when the air temperature was a few
degrees above freezing. On March 16 at 11 A. M., when air
temperature was only 4.5°, a frog that had been sitting in the
sunshine had a body temperature of 20.5°. On the morning of
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March 17, when the sky was overcast, and air temperature was
4.6°, a frog crouching on damp soil had a body temperature of
8.8° (approximating that of the substrate). The frog, disturbed
by my approach, repeatedly leaped approximately one foot, but
its movements were relatively slow and poorly coordinated. This
was especially noticeable as it sprawled on the ground with legs
extended at the end of a leap. The frog required approximately
half a second to withdraw its legs into position for the next leap.
As a result it was easily caught. On March 19 at 8:45 A. M., when
the sky was overcast, a recently emerged frog was found on mud
a few inches from the edge of the water. Alr temperature was
4.0°, water was 7.2°, and the mud where the frog was sitting was
85°. At my approach the frog hopped clumsily back into the
water. No others could be found.

Linsdale (1927:76) wrote of finding several on February 2, 1927,
in Doniphan County, northeastern Kansas. “They were in the
water above old ice and below a top layer of new ice. All of the
frogs were stiff and floating and apparently they were dead.” Lins-
dale observed that these frogs could be found active throughout
the winter in the relatively warm water flowing from springs.
Blair (1951:178) found cricket frogs active in winter in & spring
at a cave entrance.

Three that were kept for several days were in good condition
after a cold night, when air temperature in the container had
fallen to —1° C. They were almost smmobilized, however. When
stimulated, they would attempt to jump, but the slow and poorly
coordinated contractions of the hind limbs were too weak to drive
the body forward.

Despite the cricket frog’s winter activity it requires relatively
high temperatures to breed. In 1951, calling was first heard at
noon on April 27, at a temperature of 31.2°, and on subsequent days
the chorus was continued with increasing volume. In 1952, call-
ing was first heard on the afternoon of April 24, at the pond and
at a shallow pool in a ditch about 100 yards from it, at an air
temperature of 20.6°. In 1933, breeding was delayed, because of
drought, and calling was first heard on the evening of May 9,
soon after water began to cover the bed of the pond; there had
been heavy rains on May 4 and 5. In 1954, calling was first heard
on April 27 and again on May 6, a lone individual in each instance.
On May 19 desultory calling was heard, and a few more were
present by the end of the month. The first big chorus was heard
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on June 8 at 7:30 P. M. when air temperature was 26.3° and water
was 29.3°. In 1955, breeding began much earlier. Calling was
first heard on April 10 when air temperature was 22.2° and water
temperature was approximately the same. In the following week
calling increased; by April 17 there was a sizable chorus and by
April 22 it was near the maximum. On May 28, 1955, at an air
temperature of 14.6° and water temperature of 19.5° a chorus
was heard. Tn cooler weather the frogs were invariably silent.

In all, 102 bedy temperatures were recorded, ranging from 8.3°
to 34.8°. More than half of the temperatures were within the
relatively narrow range 28.0° to 31.7° which seems to be preferred
by the frogs. In only a few instances were the frogs’ temperatures
lower than air temperatures. Usnally they were considerably
higher. In cool weather the frogs’ temperatures often exceeded
air temperatures by 10° or more, but in warm weather they basked
less and were usually nearer the air temperatare. Even on the
hottest summer days these frogs have been seen sitting in the
sunshine, but not for long periods. One flushed from a shaded
spot and caused to jump to a spot exposed to sunshine, but not
further disturbed, usually moved to a shaded spot again within
two or three minutes. On hot days these frogs avoided overheat-
inng by remaining on damp soil that was relatively cool, and also by
evaporation of moisture from their skins. The frogs having body
temperatures of less than 20° were noticeably slow in their move-
ments and would have been relatively vulnerable to predators.
These were mostly individuals that had recently emerged and had
not yet had time to adjust their temperatures by basking, or indi-
viduals whose basking had been interrupted by cloudiness.

Iyla versicolor—The tree toad is a relatively late breeder and
has not been observed active when temperatures were low, Nor-
mally it breeds in the latter half of April. In 1950, earliest calling
was not recorded but the tree-toad chorus was near its maximum
on April 22 at an air temperature of 30°. In 1951, calling was first
heard when temperature had reached approximately 21.2° on the
afternoon of April 23, in a gully bottom 100 yards from the pond.
On the evening of April 24 at an air temperature of 27° several
were calling in the pond. By April 26 the chorus had much in-
creased in volume although the weather had cooled slightly. In
1952, on the humid, cloudy afternoon of April 18, when the tem-
perature was approximately 21.2°, one was heard calling at a dis-
tance from water, near the Reservation headquarters. On April
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91 at an air temperature of 24° several were heard calling at
different places in the woods, and after dark there was a chorus
at the pond. In 1953, the first one of the season was heard in
the vicinity of headquarters calling late in the afternoon, when
humidity was high, after a shower. On May 7 when the tempera-
ture had risen to 16° following the rain of May 4 and 5 a tree-toad
chorus had started at the pond. On the evening of June 1, 1954,
several males that were calling were out of the water near the edges
of a small pool when water temperature was 24.2° and air 14.8°.
One of these males was found to have a body temperature of 19.2°.
The calling tree-toads were flattened against the damp soil, and
by conduction from it, evidently were enabled to maintain their
body temperatures at levels well above that of the air. In 1055,
the first calling was heard at the pond before dark on April 16
when the air temperature had reached 30°. On the evening of
April 17 approximately a dozen were calling, and for the following
six weeks there was a chorus nightly except on a few occasions
when the weather was unseasonably cool. On April 25 several
were calling when air temperature was only 16° and water tem-
perature was 18.5° to 20° at the surface. On May 13 several were
calling when air temperature was 15.2° and water was 17.4°. On
May 15 at 7:30 A. M. two were calling when air temperature was
16.5° and water was 17.5°. On several other nights that same week
when temperatures were slightly lower, the choruses were silenced.
On the evening of May 29 one was heard to call a few times when
water temperature was 17.5° and air temperature was only 10.5%.

In summer when humidity is high tree toads are seen occasionally.
At other times they probably keep under cover where they are
protected from desiccation. In the summers of 1949, 1950, and
1951 they were often seen at an old rock quarry, and several lived
in small holes and niches in the limestone. The rock surface,
heated by direct sunlight, was often uncomfortably hot to the
touch, but the tree-toads themselves were much cooler. In the
hotter and drier summers of 1952, 1953, and 1954 none was found
at this guarry.

Most often tree-toads have been seen on foliage of low vegetation.
On warm days they have been seen perched on leaves in the sun-
shine, seeming to suffer no discomfort, as they could have moved
into the shade with only short shifts. A total of 48 body tempera-
tures were recorded. For nine recorded from tree-toads that were
members of breeding choruses temperatures ranged from 23.7° to




