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AsstracT: Data from two large (188 and 135 kg) male alligators (A/ligator mississip-
piensis) indicated that 4-5 C seemed to be the lowest body temperatures that they could
endure with subsequent recovery. Although one animal in shallow water managed to
keep a breathing hole open for several days, in ice that was 1.5 cm thick, it later died
following a decrease of its body temperature to 4.0 C. The second alligator which was
located in a deeper portion of the reservoir used both terrestrial and aquatic basking
behavior to raise its body temperature and level of activity. Except in the case of bask-
ing events, there was no clear evidence of significant elevations of the body
temperatures of either the live or dead alligators above those of their adjacent water,
When located side-by-side, diurnal cycles of deep body temperatures of both the live
animal and the dead animal’s carcass were similar, with deep body temperatures ex-
ceeding adjacent water temperatures to a maximum extent near dawn and usually fall-
ing below water temperatures during the afternoon and carly evening hours. The
physical properties and thermal inertia of the bodies of such large alligators, when
placed in appropriate microclimates, may be sufficient in themselves to explain the
general patterns and levels of body temperature changes observed at these low
temperatures.

InTRODUCTION

Studies of the body temperatures and thermoregulation of crocodilians suggest that
these reptiles are capable of using their large body sizes and resultant thermal inertia to
buffer their body temperatures against extreme climatic conditions (Spotila et al., 1972;
Smith, 1976, 1979; Terpin, 1976). The Crocodilia, however, are strictly tropical in
their distribution, with the exception of the genus Alligator (Kellogg, 1929). Field
studies of alligators in the northernmost portion of their range therefore provide an op-
portunity to compare the natural thermoregulatory responses of these reptiles to those
of the more common smaller temperate ectotherms. Such information should help to
determine the role of low temperatures in limiting the northward distribution of the
Crocodilia and the importance of climatic cooling in bringing about the late Cretaceous
extinction of many other large-bodied archosaurs. Recent proposals that many
dinosaurs may have been homeothermic (Desmond, 1976) might also be supported if it
could be demonstrated that present-day crocodilians possess thermoregulatory abilities
which promote survival during periods of cold weather.

This paper reports the body temperatures and behavior of two large, free-living,
adult male American alligators (Alligator mississippiensis) during extremely cold winter
weather, including periods of subfreezing temperatures and heavy ice formation.
Following the death of one of the animals, an opportunity arose to compare the body
temperatures of the dead animal with those of the remaining live one, under similar
microclimatic conditions. Such comparisons should help to determine the extent to
which physiological or behavioral mechanisms, as opposed to the physical properties of
the alligator’s body itself, may be responsible for the body temperature patterns
observed.
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METHODS

Study area. — This study took place in the “Pond B” reservoir of the Par Pond reser-
voir complex on the U.S. Department of Energy's Savannah River Plant located in
Barnwell Co., South Carolina (32° 18 'N, 81° 33 ‘'W). This region represents the
northwesternmost extension of this species’ range into this part of the southeast.
Average monthly temperatures in this region over the past 10 years have been 4.9, 4.6
and 4.9 C for December, January and February, respectively. Extreme lows for these
same months during the same period were -8.9, -15.6 and -10.0 C, respectively. A
minimum air temperature of -8.4 C was recorded during the course of the study
reported here.

Although the Par Pond reservoir system was constructed to receive heated effluents
from nuclear production reactors, the “Pond B” reservoir has been under ambient
temperature conditions since 1964. Detailed descriptions of the Par Pond and “Pond B”
habitats have been provided elsewhere (Parker et al., 1973; Gibbons and Sharitz, 1974;
Domby et al., 1977). Briefly, the “Pond B” reservoir comprises some 110 ha of open
water with a maximum depth of approximately 10 m. The northern portion of the
reservoir includes several shallow coves with stands of rooted emergent vegetation. In
the deeper parts of the lake, the bottom slopes more abruptly from shore and the
shoreline is more open, being cleanly edged with old-field vegetation dominated by
Andropogon sp. Studies of the alligator population occupying the Par Pond reservoir
system (Murphy and Brisbin, 1974; Murphy, 1977; Murphy, 1981) have indicated
that a breeding population, now heavily weighted towards large adults, has apparently
been resident in the area for a considerable time.

Procedures. —On 4 January 1977, a large adult male alligator was discovered lying in
shallow water (approximately 90-100 cm) in one of the northern coves of the reservoir.
This alligator, which appeared lethargic in the cold water, was captured and outfitted
with a radio transmitter collar similar to that described by Standora (1977). This collar
contained only a locational transmitter and no temperature-sensing leads were im-
planted in the animal. Following release, this animal (325 cm total length, 188 kg body
weight) moved approximately 200 m to the W and was again found in water of similar
depth the following day. This alligator remained in this location with no evidence of
movement or other activity until 17 January, when it was again removed from the
water for 45 min and a calibrated thermistor probe inserted into the cloaca and/or co-
lon, to a depth of approximately 30 cm, and sutured in place. Because of the alligator’s
torpid state during this period, the free end of the probe could easily be retrieved and
plugged into a YSI model 401 telethermometer, while the investigator was standing on
ice that had formed above the alligator. Air, water and deep body (cloacal/colonic)
temperatures of this alligator were read periodically (+0.1 C), until on 20 January it
was concluded that the animal had died, since the breathing hole that had earlier been
kept open in the ice just above the animal’s snout, had frozen over.

On 23 January, a second large adult male alligator was found approximately 1.8
km SE of the first, lying about 2 m offshore in the deeper portion of the lake. This
alligator was perpendicular to the shoreline with its head pointed inshore and was lying
on top of sloping bottom sediments in water which was approximately 80 cm deep at
the head, 150 cm deep at the cloaca and 200 cm deep at the tip of the tail. The steeply
sloping bottom on which this alligator was laying led directly to the deepest portion of
the reservoir, which was less than 0.5 km from where the alligator was positioned.

This second alligator (277 cm total length, 135 kg body weight) also appeared to be
lethargic when it was removed from the water for about 30 min to be outfitted with a
radio transmitter collar and a telethermometer probe, as described previously. For the
second alligator, the free end of the body temperature probe was attached to a small
buoy which floated on the water surface above the alligator. Since no ice formed above
this animal, body temperatures were read by retrieving the free end of the probe from a
boat and then connecting it to the telethermometer and reading them directly from the
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animal below. At the same time, a second probe was lowered and positioned visually
using a glass-bottomed viewing box, so as to read the temperature of: (1) the water at
the dorsal part of the alligator’s thorax; (2) on the dorsal surface of the midpoint of its
tail, and (3) in the surface water. The temperatures of the air (at a height of ca. 1 m)
and of the shallow water at the nearest point on shore were also recorded.

On 1 February, the carcass of the dead alligator was towed to the location where the
second alligator had remained in essentially the same position since it was first fitted
with the cloacal temperature probe. The carcass of the dead animal was placed in a
position identical to that of the live animal approximately 15 m from the latter. From
1-7 February, the cloacal temperatures of both the live and dead alligators and the air
and water temperatures proximate to each, were read from a boat at 4-hr intervals
(0400, 0800, 1200, 1600 and 2000 hr), using procedures described above. On 7
February, a warming trend caused the live alligator to emerge from the water to bask
and move about the reservoir, and the study was terminated at that time. Body, air and
water temperatures for the first and second alligators, while both were located at the
deeper water site, were compared using analyses of variance. Statistical computations
were performed using the Statistical Analysis System (Barr et al., 1976).

REesuLts

A body temperature of 5.1 C was recorded for the first alligator when it was first
discovered lying in shallow water. At that time, the air temperature was 9.0 C and a
water temperature of 5.9 C was recorded next to the alligator’s body. Over the next 29
days, 18 determinations of air and water temperatures, taken in the mid to late after-
noon at the site where the alligator remained lying in shallow water, indicated average
air and water temperatures of 5.2 C and 6.1 C, respectively, with minimum values of
-3.1 C and 4.8 C, respectively. It is possible, however, that even lower temperatures
were reached late at night during this period. By 17 January, a cover of ice, approx-
imately 0.5 cm thick, had formed in the part of the cove where the alligator was
located. Three days later, this ice cover had increased to a thickness of about 1.5 cm
and easily supported the weight of the investigator above the alligator, while a small
hole was broken in the ice near the base of the alligator’s tail to retrieve the free leads
from the cloacal probe. During this period, a small rounded opening, about 10 em in
diam, remained open in the ice directly above the tip of the alligator’s snout, apparently
as a result of the occasional efforts of the alligator to raise its snout to the surface to
breathe. It appeared that such breathing movements could be undertaken without the
necessity of the alligator’s raising itself from its resting position on the bottom of the
shallow water. With the exception of such presumed breathing movements, there was
no evidence of any other movements or activity during this period. On 20 January, the
breathing hole above the alligator’s snout had frozen over and this suggested that the
alligator had died some time during the previous night. Body temperatures were
monitored from this individual over the following 11 days until, as explained above, its
body was moved and repositioned near that of the second live alligator which had been
found in deeper water.

Unlike the first alligator in the shallow water cove, the second alligator in the deep
water made minor changes in the position of its body on several occasions between 1-7
February. These movements consisted of either moving towards the shoreline, until at
one point the snout was within 1 m of the land, or alternatively, of sliding backwards
down the slope of the bottom into deeper water, while still maintaining its body axis
perpendicular to and pointed towards shore. These movements of the live alligator
could, in the extreme, vary the depth of water in which it was located by more than 1.5
m. Whenever such shifts in the position of the live alligator were observed, the dead
alligator was also moved to a corresponding position in deeper or shallower water,
respectively.

At 1400 hr on 7 February, with an air temperature of 8.5 C, the live alligator was
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observed on shore basking in direct sun, where it remained until 1530 hr, at which ti
it returned to the water following an inadvertent disturbance by the observers.
reading of deep body temperatures, immediately following this animal’s return to t
water, indicated that the basking event had raised its temperature to 11.0 C, which »
3.8 C warmer than the water temperature and 3.6 C warmer than that of the de
alligator (Fig. 1). That evening and the following day, the live animal seemed to
more active and swam to several different locations in the general vicinity of the de:
water site. Late the following afternoon, this alligator was observed with its head out
water, suggesting a position of aquatic basking just under the water surface, as d
scribed by Smith (1979). Immediately after this head-emergent basking event, tt
body temperature of the live alligator was 7.6 C while that of the dead animal was 6.
and the water and air temperatures were 6.9 and 7.2, respectively (Fig. 1, Table 1

Comparisons of the air, water and deep body temperatures of the live and deac
alligators at the deep water site are presented in Table 1. Because of the possibility tha
some bacterial decay may have occurred in the carcass of the dead alligator, resulting
in some increase in its temperature after it was moved to the deeper water site, a two-
way analysis of variance was conducted upon the differences between the body
temperatures of each animal and the corresponding average temperatures of its adja-
cent water. The results of these analyses indicated that both the live and dead alligators’
body temperatures differed from the temperatures of their adjacent water in the same
way (F = 0.19; df = 1,58; P = 0.67) and that both showed only a slight tendency to
change the ways in which their body temperatures differed from those of their adjacent
water over time, throughout the period of observation (F = 3.49; df = 1,58; P =
0.07). However, the failure of the interaction term to show statistical significance (F =
0.01; df = 1,58; P = 0.93) confirmed that any tendencies of the live and dead
alligators to change the relationships between their body temperatures and those of
their adjacent water over time were similar for the two ammals. Thus, any progressive
effect of bacterial decay in the carcass of the dead animal throughout the period of
study apparently did not influence the results observed.

A correlation analysis revealed that the deep body temperatures of both the live and
dead alligators were more closely correlated with the temperature of the water im-
mediately adjacent to their respective bodies than with the temperatures of either the
air, surface water or shallow water (r = 0.66 and 0.34 for adjacent water temperatures
vs. r = 0.49 and 0.30 for surface water temperatures, r = 0.36 and 0.27 for shallow
water temperatures and r = -0.11 and -0.14 for air temperatures, for the live and dead
alligators, respectively). Neither of the preceding correlations involving air
temperature was statistically significant and only the live alligator’s body temperature
was significantly correlated with the surface and shallow water temperatures (P < 0.05
being the criterion for significance of correlation).

Linear regression analyses revealed that the body temperatures of the dead animal
were much less closely coupled to the temperature of the adjacent water than were
those of the live alligator (Table 2; Fig. 1). In cyclic downswings of body temperatures,
those of the live animal were nearly always the first to turn back toward adjacent water
temperatures, frequently preceding the same responses by the dead animal by as much
as 8 hr (Fig. 1). The general cycle of changes in the body temperatures of both animals
suggested a lag of 12-16 hr in the peaking of differences between body and water
temperatures, relative to the times of peaking air temperatures which generally oc-
curred in the midafternoon. This produced a pattern of minimal body-water
temperature differences near midday and maximal differences at or shortly after mid-
night, with deep body temperatures themselves also tending to be higher during the
night than during the day, except in the case of basking events (Fig. 1).

From 1-7 February, the deep body temperatures of the live alligator averaged 0.21
+ 0.59 (sp) C warmer than its adjacent water, while those of the dead animal averaged
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0.29 + 0.70 (sp) C warmer. A t-test for paired comparisons indicated that these
average difference values did not themselves differ (t=0.91, df =30, P>0.05). The
95% confidence limits about both of these values included zero difference between
body and water temperatures.
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Fig. 1.—Temporal changes in deep body temperatures and in the differences between deep
body temperatures and adjacent water temperatures for both a live adult male alligator and the
carcass of a recently deceased adult male alligator of comparable size, while located approximate-
ly 15 m apart on the bottom of a deep water site of the “Pond B” reservoir of the Savannah River
Plant. The double-headed arrow indicates the period over which statistical comparisons of the
live vs. dead animal were made as reported in the text and in Tables 1 and 2
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Discussion

The usually accepted lower limit of body temperature for the alligator generally has
been considered to be 3 C, as attributed to Colbert ef al. (1946). Data presented by
these authors, however, do not clearly support the conclusion that 3 C is the critical
lower limit of body temperature for this species, and such a claim is indeed not made by
those authors. To the best of our knowledge, the minimum body temperaturc of 5.0 G
attained by the second (live) alligator in the present study is the lowest body
temperature ever reported for this species under natural conditions with subsequent
recovery to normal health and activity, Although the first alligator attained a minirnum
body temperature of 4.0 C while still alive (as evidenced by the animal’s breathing hole
in the ice being kept open), the death of this animal approximately 3 days later does not
permit this temperature to be recorded as a minimum limit from which recovery is
possible. Based on the information presented in this study, the critical lower limit of
body temperature for these alligators would appear to be somewhere between 4.0
and 5.0 C.

General accounts of the natural history of the alligator in the Southeast (e.g.,
Kellogg, 1929; Mcllhenny, 1935) indicate that during winter, alligators make frequent
use of subterranean dens into which they retreat during periods of cold weather. Exten-
sive searches of both the “Pond B” and Par Pond reservoir shorelines, however, have
failed to reveal any such alligator dens and no radio-collared alligators in the Par Pond
area have ever been known to use dens in winter (Murphy, 1977; in press).

Deep-water reservoirs such as those occupied by the alligators in this study, repre-
sent atypical and possibly marginal habitat for this species, as compared to the more
typically used shallow marshes (Joanen and McNease, 1972; Murphy, 1977). However
such deep-water areas may also serve as heat sources and/or sinks which could serve the
same function as subterranean dens for alligators in shallow-water marshes. The
behavior and fates of the two alligators observed in this study tend to support this
hypothesis. The alligator which remained in direct proximity to the deeper portions of
the lake and occasionally shifted the position of its body downwards into deeper water
survived the winter cold spell, enduring air temperatures as low as -8.4 C at night,
while the alligator which remained immobile in the shallower cove died. The use of
deep-water pools by overwintering alligators has also been reported by Kellogg (1929),
and Spotila (1974) has discussed the use of water in conjunction with behavioral ther-
moregulation in this species.

Torpid and lethargic states have been reported in overwintering alligators by
earlier studies (e.g., Kellogg, 1929; Mcllhenny, 1935). Almandarz (1975) reports the
induction of torpor in tropical crocodilians at temperatures ranging from 8-11 C. Even
though the alligators observed in the present study appeared to be quite lethargic and
would, on some occasions, respond only with slow limb movements to prodding with a

TasLE 2. — Results of linear regression analyses in the form: y=a + bx, relating deep body
temperatures® (y) to adjacent water temperatures® (x) for both a live adult male alligator and the
carcass of a recently deceased adult male alligator of comparable size, while located approximate-
ly 15 m apart on the bottom in a deep water site of the “Pond B” reservoir of the Savannah River

Plant®

Probability
Degrees of y-intercept Slope  Coefficients of F of a
freedom (a) (b) correlation (r) greater F
Live alligator 30 3.1 0.48 0.66 22.63 0.0001
Dead alligator 30 4.5 0.26 0.34 3.85 0.0595

“Measured at a depth of approximately 30 cm inside the cloaca

*Measured as the average of the water temperatures at the dorsal surface of the thorax and on the
dorsal surface of the midpoint of the tail

All temperatures are measured in C
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boat paddle, these animals still remained capable of performing routine body
movements such as raising the snout to the surface to breathe and moving into deeper
water on a regular basis. It cannot be determined, however, whether the death of the
first alligator in the shallow cove resulted from the icing over of its breathing hole when
torpor became so deep that breathing movements became too widely spaced to prevent
ice formation, or whether the alligator first died and then the breathing hole iced over
secondarily. It is possible that stress associated with removing this alligator from the
water twice may have contributed to its eventual death, although the second alligator
which survived was also treated similarly. No autopsy could be performed on the dead
alligator because of the use of its carcass in the second part of this study, and its state of
health at the beginning of the study is unknown.

Data presented by Frair ezal. (1972) and Neill and Stevens (1974) have led these lat-
ter authors to conclude that thermoregulation by large sea turtles must be largely a
physical process based on the thermal inertia of their large body sizes, as seems to also
have been the case with the alligators in the present study. The thermal inertia of large
varanid lizards (McNab and Auffenberg, 1976), like that of the alligators in the present
study, prevented them from reaching thermal equilibrium over night, and the body
temperatures of these lizards, like those of the alligators, generally exceeded that of
their substrate during most of the nighttime hours. A detailed analysis of ther-
moregulation through the thermal inertia of large ectotherm body size is provided by
Spotila et al. (1973).

The major difference between the body temperature patterns of the live and dead
alligators was in the greater degree to which the temperatures of the live animal
matched the temperatures of its adjacent water (Table 2; Fig. 1). This difference may
have been due, at least in part, to the larger body size (188 vs. 135 kg body weight) of
the dead animal. The effect of differences in body size (and hence in surface/volume
ratio) upon heating and cooling time constants of alligators is discussed in detail by
Robertson and Smith (1979). The closer coupling of the body temperatures of the live
alligator to its adjacent water temperature could also have resulted from changes of
blood flow or other physiological mechanisms, which have been found to enable
crocodilians to significantly increase body temperatures while basking in cool shallow
water (Robertson and Smith, 1979; Smith, 1976; Smith, 1979). Such shallow-water
basking appears to have been employed by the live alligator while under study at the
deep water site. There was no clear evidence of a significant overall elevation of the
average body temperatures of either the live or dead animal above that of their adjacent
water, as was also reported for alligators by Smith (1975, 1979) and for sea turtles by
Heath and McGinnis (1980). The temperature relations of the live alligator, and to
some extent those of the dead one as well, corresponded closely to the description of
prebasking thermoregulatory relationships described by Smith (1975) for this species.
There was, however, little evidence of endogenous production of metabolic heat by the
live animal in this study as has been suggested elsewhere for large alligators (Smith,
1976, 1979). Such a situation is to be expected in light of the very low body
temperatures experienced by the alligators in the present study.

The pattern of increase in body temperature following the terrestrial basking of the
live alligator on 7 February (Fig. 1) was generally similar to other reports of body
temperature increases in this species following basking (Spotila, 1974; Smith, 1975,
1979). The magnitude of the increase in body temperature produced by the basking
event reported here (4.6 C, Fig. 1) was similar in magnitude to those reported by
Smith (1979), who reported postbasking increases in alligator body temperatures from
4.0-4.5 C above water temperature.

The results of this study emphasize the importance of behavioral mechanisms as a
means of regulating the body temperatures of the alligator, even during periods of cold
winter weather. Physical properties inherent in the thermal inertia of large body size
and physiological mechanisms involving cutaneous blood flow patterns might also con-
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ermoregulatory abilities during cold winter weather although their
ould seem to be secondary to the more primary importance of
:gulatory mechanisms. While the body temperatures of large
dically be higher than that of the water in which they are located,
‘egarded as presumptive evidence for a physiologically based
ation of body temperature. The physical properties of the body of a
1 the use of appropriate behavioral positioning under the ap-
atic conditions, may be sufficient in themselves, to explain the
levels of body temperature changes observed.
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