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Hibernaculum Use by a Population of Desert Tortoises 
(Gopherus agassizii) in the Sonoran Desert 

SCOTT J. BAILEY,1'2 CECIL R. SCHWALBE,1'3 AND CHARLES H. LOWE4 

1School of Renewable Natural Resources, 3National Biological Service, Cooperative Parks Studies Research Unit, and 

4Department of Ecology and Evolutionary Biology, University of Arizona, Tucson, Arizona 85721, USA 

ABSTRACT. - We quantified aspects of hibernaculum use by desert tortoises (Gopherus agassizii) in the 
San Pedro Valley, Arizona. Tortoises hibernated primarily on steep south-facing slopes. Hibernacula 
included burrows in silt, silt with loose gravel, diatomite and/or diatomaceous marl, and beneath layers 
of well-lithified volcanic ash. Burrows were often also associated with live vegetation, dead and downed 

vegetation, and/or packrat (Neotoma albigula) nests. Male tortoises used longer hibernacula (x = 118.3 
cm) than females (i = 24.4 cm). Maximum temperatures of hibernacula of females (x = 24.5 C) were 

consistently higher than maximum temperatures of hibernacula of males (k = 18.2 C), but the difference 
was not significant. Minimum temperatures of hibernacula of females (x = 4.3 C) were lower than minimum 

temperatures of hibernacula of males (x = 9.3 C). Temperatures in hibernacula of females fluctuated over 
a wider range than temperatures in hibernacula of males. Hibernacula used by males provided greater 
thermal buffering than those used by females. No tortoise (N = 8) used the same hibernaculum during 
both years of the study. 

Use of burrows and other shelters for ther- 
moregulation and other purposes has been doc- 
umented for all extant members of the genus 
Gopherus, and for other genera of land tortoises 
(Woodbury and Hardy, 1948; Mackay, 1964; Auf- 

fenberg, 1969; Rose and Judd, 1975; Douglas 
and Layne, 1978; Morafka, 1982; Geffen and 
Mendelssohn, 1989). Desert tortoises (Gopherus 
agassizii) use burrows throughout the year for 

thermoregulation, nesting, and protection from 

predators (Woodbury and Hardy, 1948; Auffen- 

berg, 1969; Luckenbach, 1982; Vaughan, 1984; 
Barrett and Humphrey, 1986; Nagy and Medica, 
1986; Barrett, 1990). Tortoises in the northern 

Mojave Desert remain below the surface in bur- 
rows approximately 98% of the year (Nagy and 
Medica, 1986). Although detailed data for So- 
noran Desert populations are not yet available, 
those tortoises also spend considerable time 
within burrows (S. Bailey, unpubl. data; J. Snid- 
er, Arizona Game and Fish Dept., pers. comm.). 

Many reptiles hibernate and some species of 
turtles hibernate for more than half of their 
lives, but until recently this phenomenon re- 
mained poorly understood (Mayhew, 1965; 
Gregory, 1982; Ultsch, 1989). Little data con- 

cerning hibernation in desert tortoises is avail- 
able, and quantitative data are generally limited 
to a few characteristics of hibernacula (e.g., di- 
mensions) and duration of hibernation (Wood- 
bury and Hardy, 1948; Auffenberg, 1969; Burge, 
1977, 1978; Luckenbach, 1982; Vaughan, 1984; 

2 Present Address: 3617 E. Third Street, Tucson, Ar- 
izona 85716, USA. 

Burge et al., 1989; Nagy and Medica, 1986; Lowe, 
1990). During most years desert tortoises in the 
United States hibernate throughout the winter 
months (Nagy and Medica, 1986; pers. obs.). 
The majority of desert tortoises in the Mojave 
and Sonoran Deserts spend over 100 d (many 
over 150 and some over 200) per year in their 
hibernacula without exiting (Burge, 1977; 
Vaughan, 1984; Nagy and Medica, 1986). 

Male and female reptiles often select differ- 
ent thermal environments and differ in their 
use of habitat and shelter sites (Beauchat, 1986; 
Burger and Zappalorti, 1989; Sievert and Hutch- 
ison, 1989; Kaufmann, 1992; Brafia, 1993; Mag- 
nusson, 1993). In addition, some male and fe- 
male reptiles are known to hibernate for dif- 
ferent periods of time (Prestt, 1971; Gaffney and 
Fitzpatrick, 1973). Female desert tortoises in the 
Sonoran Desert seem to use shallow hibernac- 
ula more often than males and, thus, are ob- 
served more often in their shelters during the 
winter than males (C. Lowe and C. Schwalbe, 
unpubl. data). Our objectives were to quantify 
characteristics of hibernaculum use in a popu- 
lation of Sonoran desert tortoises to test the 
hypotheses that male and female desert tor- 
toises differ in their use of overwintering sites 
and that thermal environments differ between 
hibernacula used by males and females. 

MATERIALS AND METHODS 

Study Area.-The study was conducted in the 
San Pedro River Valley (Lat. 32038'N, Long. 
110?34'W), in Pinal County in southeastern Ar- 
izona. Vegetation was ecotonal between the Ar- 
izona Upland subdivision of the Sonoran Des- 
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ert and semidesert grassland (Shreve, 1951; 
Brown, 1982; Turner and Brown, 1982). The plant 
community was diverse and most areas were 
dominated by foothill paloverde (Cercidium mi- 
crophyllum), creosotebush (Larrea tridentata), and 
saguaro (Carnegiea gigantea). Elevations ranged 
from approximately 800 to 950 m. Topography 
varied, consisting of steep arroyos, rocky slopes, 
sheer cliffs, and nearly level gravel-covered ar- 
eas between arroyos. Geology of the area was 
characterized by granitic bedrock, lake bed sed- 
iments composed principally of silt, marl, and 
diatomite (interbedded with volcanic ash layers 
and thin-bedded conglomerates), undifferen- 
tiated silt and gravel, and alluvium in present 
day washes (Shenk, 1990). Unlike most desert 
tortoise habitats in the Sonoran Desert, there 
were no large boulders (> 1 m in diameter) that 
could be used for shelter sites. Shenk (1990) and 
Bailey (1992) provide further descriptions of the 
area. 

Tortoises and Shelter Characteristics. -We 
equipped four adult male and three adult fe- 
male tortoises with Telonics (Mesa, AZ) radio 
transmitters in September, 1990, and one adult 
female in July, 1991. Tortoises were monitored 
approximately weekly until they emerged from 
hibernation in April, 1992. We located a male 
tortoise without a transmitter in a shelter in 
December, 1990, and monitored him through 
the 1990-1991 hibernation season. Tortoises 
ranged in size from 209 to 277 mm median car- 
apace length. All but two had relatively little 
shell wear, and all appeared healthy and robust. 

Each time we found a tortoise in a shelter we 
recorded shelter length, height, and width of 
shelter opening, shelter type, aspect, shelter 
opening orientation, percent slope, and posi- 
tion of the tortoise within the shelter (e.g., depth, 
facing in or out, etc.). We measured shelter 
length from the mouth to the rear of the shelter. 
We classified shelters based on the material(s) 
that provided cover. These included burrows in 
and/or beneath the following substrates (1) silt, 
(2) silt with loose gravel, (3) terrace gravels, (4) 
diatomite and/or diatomaceous marl, and (5) 
layers of well-lithified volcanic ash. Cover was 
also provided by (6) live vegetation, (7) dead 
and downed vegetation, and (8) white-throated 
woodrat (Neotoma albigula) nests. Shelter types 
6, 7, and 8 were non-burrow shelters that were 
used both independent of, and in conjunction 
with, burrow-type shelters. We placed twigs 
erect at the entrance of occupied shelters to de- 
termine if movement out of the shelter occurred 
between inspections. 

Determination of Hibernation Duration.-All of 
the tortoises we monitored were active through 
early October (at least one through mid-Decem- 
ber). During active periods, tortoises rarely re- 

mained within a shelter for longer than a week 
without exiting. However, these individuals 
entered shelters between mid-October and mid- 
December and did not emerge for several 
months. Therefore, we determined onset of hi- 
bernation a posteriori, as the first date in the fall 
after which a monitored tortoise did not emerge 
from a shelter site for at least two weeks. We 
defined the end of hibernation as the first date 
of movement out of the hibernaculum in the 
spring. Because we found the non-telemetered 
male tortoise after hibernation began, we could 
not determine hibernation duration for this in- 
dividual; shelter temperature and length mea- 
surements were included in analyses. 

Temperature Measurement. -We measured 
shelter site temperatures with calibrated max- 
imum-minimum recording thermometers. We 
checked and reset thermometers approximately 
weekly during both winters of the study (mid- 
December 1990 to early June 1991 [1991 hiber- 
nation season]; mid-December 1991 to early 
April 1992 [1992 hibernation season]). We placed 
each thermometer upright and flat on the shel- 
ter floor, and all were at least partially protected 
from direct exposure to outside ambient con- 
ditions by the shelter roof. 

All male tortoises overwintered in large shel- 
ters during both years; thermometers within 
shelters were placed as close to the tortoises as 
possible (Fig. 1). Because of shelter structure, 
two males were not visible during hibernation 
in 1991, and none were visible in 1992. Under 
these circumstances we placed the thermome- 
ters as far into the shelter as physically possible 
(all thermometers were >75 cm into the shel- 
ter). 

Female tortoises, with one exception in 1992, 
overwintered in shelters too small to accom- 
modate the tortoise and a thermometer. Under 
these circumstances, we measured temperatures 
in a surrogate shelter as close (<5 m from the 
actual shelter) and as similar in size, exposure, 
and aspect to the actual shelter as possible (Fig. 
1). A thermometer was placed in the female's 
shelter after she departed in the spring, and 
temperatures were measured in the actual and 
surrogate shelters for an additional five to seven 
weeks. We compared temperatures measured in 
the two shelters using a two-tailed Mann-Whit- 
ney-Wilcoxon two-sample test and calculated 
the coefficient of variation for the difference 
between the two shelters. If surrogate shelter 
temperatures differed significantly from those 
in the actual shelter, we intended to adjust sur- 
rogate shelter temperatures accordingly. 

Thermal Buffering.-We defined the thermal 
buffering provided by a hibernaculum used by 
a tortoise as the difference between shelter tem- 
perature and ambient surface temperature. Am- 
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bient surface temperatures were measured dur- 
ing the 1992 hibernation season with a maxi- 
mum-minimum recording thermometer (paint- 
ed white to match albedos of the pale soils more 
closely) placed in the open within one meter 
of the opening of each tortoise hibernaculum 
(Fig. 1). We calculated mean maximum and mean 
minimum thermal buffering for each hibernac- 
ulum over the nine sampling periods that all 
of the tortoises were hibernating. 

Statistical Procedures.-We analyzed aspects 
used by tortoises during hibernation using cir- 
cular descriptive statistics and goodness of fit 
testing (Zar, 1984). We compared slope orien- 
tations for male and female tortoises using Wat- 
son's U2 test for two samples with ties. We used 
Watson's one-sample U2 test to determine if the 
data were uniformly distributed, and we deter- 
mined mean angle and angular deviation (anal- 
ogous to standard deviation). 

We compared lengths of hibernacula used by 
male and female tortoises, and the mean ther- 
mal buffering of hibernacula used by males and 
females during 1992 with two-tailed Mann- 
Whitney-Wilcoxon two-sample tests (Gibbons, 
1976). We compared hibernation duration of 
male and female tortoises at San Pedro with 
tortoises living in the Picacho Mountains 
(Vaughan, 1984), and the temperatures of hi- 
bernacula of males and females at San Pedro 
with two-factor ANOVAs following rank trans- 
formation of the data (Zar, 1984). We used mean 
values in analyses for individuals monitored 
during both winters and raw data for those 
monitored during one winter at San Pedro. Raw 
data were used from Picacho. Critical values for 
hypothesis testing were at a = 0.05 level of 
significance. Means are presented +1 standard 
error (SE), unless otherwise indicated. Bailey 
(1992) provides further details on statistical 
methods used in this study. 

RESULTS 

Characteristics of Hibernation.-All tortoises 
monitored during both years at San Pedro used 
a different hibernaculum each winter. In 1991, 
seven of eight tortoises overwintered on slopes 
with some degree of southern exposure (91? to 
269?), and five of seven were on slopes with 
some degree of southern exposure in 1992 (Ta- 
ble 1). Orientation of slopes used by males and 
females during hibernation did not differ sig- 
nificantly (U2 = 0.102, P > 0.20), so data were 
combined for subsequent analyses. Aspects used 
by tortoises during hibernation were not uni- 
formly distributed around the compass (U2 = 
2.377, P < 0.001). The mean angle and angular 
deviation for combined data was 185 ? 63.5?. 

We occasionally found tortoises at San Pedro 
using relatively gradual slopes prior to hiber- 
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FIG. 1. Cross sectional diagrams (top view) show- 
ing placement of maximum-minimum recording 
thermometers used to measure hibernacula (TH) and 
surface ambient (Ts) temperatures at San Pedro. Ther- 
mometers are shown in relation to male (A) and fe- 
male (B) tortoises and their hibernacula. Surface am- 
bient temperatures were measured in the open within 
one meter of each hibernaculum. 

nation, both while moving about and resting. 
However, all but one tortoise hibernated on 
slopes >49% (Table 1). In 1992, one female hi- 
bernated on a 16% slope (Table 1). 

Female tortoises at San Pedro occupied short- 
er hibernacula than did males (Table 1; P < 
0.02). Mean length of hibernacula occupied by 
males was 118.3 ? 6.8 cm (range = 82-178 cm, 
N = 5), and mean length of hibernacula used 
by females was 24.4 + 6.6 cm (range = 16-44 
cm, N = 4). Due to shelter structure, the exact 
lengths of two hibernacula used by males in 
1991 and all hibernacula occupied by males in 
1992 were not measurable. The values reported 
and used in the analysis reflect the deepest mea- 
surable point of each hibernaculum and, thus, 
are conservative estimates. 

Tortoises at San Pedro hibernated in burrows 
in silt, silt with loose gravel, diatomite and/or 
diatomaceous marl, and beneath layers of well- 
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TABLE 1. Characteristics of tortoise hibernation in the San Pedro River Valley, Arizona, during 1991 and 
1992 hibernation seasons. Burrow shelter types: 1 = silt, 2 = silt with loose gravel, 3 = terrace gravel, 4 = 
diatomite and/or diatomaceous marl, and 5 = beneath layer of well-lithified volcanic ash. Non-burrow shelter 
types: 6 = base of live vegetation, 7 = dead and downed vegetation, and 8 = Neotoma albigula nest. 

Shelter 
Tortoise Begin hibernation End hibernation Duration length Slope Aspect 
#/Sex (mm/dd/yy) (mm/dd/yy) (days) (cm) Shelter type (%) (degrees) 

80/M 10/17/90 05/12/91 207 174a 4 59 132 
10/30/91 04/11/92 164 82a 1, 6 52 190 

81/Mb 10/27/90 05/04/91 189 178 5 61 236 
11/24/91 03/20/92 117 103a 1 49 193 

88/Mb 12/01/90 06/01/91 182 111 4, 8 50 307 
11/24/91 03/20/92 117 103a 1 49 193 

91/MC 12/01/90 04/06/91 126 107a 3 53 241 

99/MC _d _d d 109 4 62 93 

83/F 12/01/90 03/17/91 106 17 2 61 92 
11/08/91 03/29/92 142 16 2, 6 66 291 

89/F 12/01/90 03/17/91 106 14 2, 7 59 132 
12/07/91 03/08/92 92 18 2, 6 53 159 

90/F 12/19/90 04/27/91 129 21 4 51 113 
10/30/91 03/16/92 138 21 2, 6 65 188 

102/F - - - - - - - 

10/19/91 04/04/92 168 44 2, 6, 8 16 358 

a Deepest measurable point. b Shared hibernaculum during 1991-1992. 
c Monitored one winter only. 
d Discovered after hibernation had begun, data not available. 

lithified volcanic ash (Table 1). These shelters 
were used both independent of other shelter 
types (e.g., tortoise hibernating in a silt bur- 
row), and in conjunction with non-burrow shel- 
ter types (e.g., tortoise hibernating in a silt bur- 
row beneath live vegetation). Several tortoises 
(including some not equipped with radio-trans- 
mitters and not found again) were occupying 
burrows in terrace gravel just prior to hiber- 
nation during both years. All occupied terrace 
gravel shelters were vacated prior to winter; 
tortoises fitted with radios moved to one of the 
other burrow shelter types for hibernation. Live 
vegetation, dead and downed vegetation, and 
white-throated woodrat nests were not used in- 
dependently as shelter during hibernation. They 
were used only in conjunction with burrow 
shelter types. 

Duration of hibernation at Picacho and San 
Pedro did not differ between sites (H = 0.648, 
P > 0.25) or between sexes (H = 2.068, P > 
0.10), and there was no site by sex interaction 
(H = 0.0002, P > 0.975). Mean duration of hi- 
bernation of males at San Pedro was 154 ? 12 
d (range = 117-207 d, N = 4), and females hi- 
bernated for an average of 131 + 14 d (range 
= 92-168 d, N = 4). At Picacho, males hiber- 
nated for an average of 140 ? 20 d (range = 
81-194 d, N = 5) and females hibernated for an 
average of 118 + 9 d (range = 64-154 d, N = 
9; calculated from Vaughan, 1984). 

Although hibernation duration did not differ 
between sexes, females at both the San Pedro 
and Picacho Mountains sites were more active 
in spring than male tortoises. Females at San 
Pedro were the first to terminate hibernation 
during both years of our study. During March 
of each year, we observed females actively mov- 
ing and foraging before any males had emerged. 
Similarly, most females at Picacho terminated 
hibernation in February and March, whereas 
most males terminated hibernation in April and 
May (from Vaughan, 1984). 

Thermal Characteristics of Hibernacula.-Three 
of 14 (21%) comparisons between temperatures 
measured in actual hibernacula used by female 
tortoises and surrogate shelters in which we 
measured temperatures of overwinter shelters 
(seven maximum and seven minimum temper- 
ature comparisons) were significantly different 
(P < 0.05). However, the coefficients of varia- 
tion (CV) were so high (>43%) that no correc- 
tions were applied to the measurements ob- 
tained in the surrogate shelters. The differences 
in temperatures may in fact be real, but quan- 
titative adjustment was not justified with such 
high variability. Mean differences between ac- 
tual and surrogate shelters were all less than 4 
C (most less than 2 C). 

Minimum temperatures of hibernacula used 
by females were consistently lower than min- 
imum temperatures of hibernacula used by male 
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FIG. 2. Mean maximum (A) and minimum (B) tem- 
peratures of hibernacula used by male and female 
desert tortoises at San Pedro during 1991 hibernation 
season. Dates shown are days that data were recorded 
and thermometers reset for the next sampling period. 
Vertical bars are ?2 standard errors, and numbers 
above and below error bars are sample sizes. * data 
used in statistical analyses. 

tortoises during both winters at San Pedro (Figs. 
2, 3). Mean minimum temperature of hibernac- 
ula of females was significantly colder than mean 
minimum temperature of hibernacula of males 
(Table 2; H = 11.487, P < 0.001). Minimum tem- 
peratures of hibernacula did not differ between 
years (H = 0.835, P > 0.25), and there was no 
year by sex interaction (H = 0.445, P > 0.50). 

Maximum temperatures of hibernacula used 
by females were consistently warmer than max- 
imum temperatures of hibernacula used by 
males during both winters (Fig. 2, 3), but means 
did not differ significantly (Table 2; H = 3.722, 
0.05 < P < 0.10). Maximum temperatures of 
hibernacula did not differ significantly between 
years (H = 0.796, P > 0.25) and there was no 
significant year by sex interaction (H = 1.250, 
P > 0.25). 

Female tortoises at San Pedro were exposed 
to a wider range of temperatures during hiber- 
nation than male tortoises. Mean temperature 
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FIG. 3. Mean maximum (A) and minimum (B) tem- 

peratures of hibernacula used by male and female 
desert tortoises at San Pedro during 1992 hibernation 
season. Dates shown are days that data were recorded 
and thermometers reset for the next sampling period. 
Vertical bars are ?2 standard errors, and numbers 
above and below error bars are sample sizes. * data 
used in statistical analyses. 

range (the difference between maximum and 
minimum shelter temperatures) was signifi- 
cantly greater in hibernacula of females than in 
hibernacula of males (Table 2; H = 7.184, P < 
0.01). Shelter temperature ranges did not differ 
significantly between years (H = 1.990, P > 
0.10) and there was no significant year by sex 
interaction (H = 0.179, P > 0.50). 

In 1992, mean thermal buffering was greater 
for hibernacula of male tortoises than for hi- 
bernacula of females at San Pedro for both min- 
imum and maximum temperatures (P = 0.114 
and P = 0.058, respectively). These are the low- 
est P values obtainable with a two-tailed Mann- 
Whitney-Wilcoxon two-sample test for sample 
sizes of three and four. Hibernacula tempera- 
tures of female tortoises were more similar to 
minimum and maximum ambient temperatures 
than were the hibernacula temperatures of male 
tortoises. Minimum temperatures measured in 
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TABLE 2. 

1992. 
Hibernaculum temperatures of male and female desert tortoises, San Pedro Valley, Arizona, 1991- 

Mean max. Mean min. Temp. range Mean max. Mean min. Temp. range 
Tortoise temp. 1991 temp. 1991 1991 temp. 1992 temp. 1992 1992 

#Sex (?C) (?C) (?C) (?C) (?C) (?C) 

80 M 20.4 9.5 10.9 15.4 9.5 5.9 
81 M 16.8 8.3 8.4 20.0 13.3 6.6 
88 M 15.3 6.7 8.6 20.0 13.3 6.6 
91 M 22.6 7.4 15.2 N/A N/A N/A 
99 M 14.7 6.7 7.9 N/A N/A N/A 

Means (+1 SE): Max. = 18.2 + 1.1a, Min. = 9.3 + 1.0b, Range = 8.8 + 1.1c 

83 F 24.7 4.9 19.8 17.8 1.6 16.3 
89 F 27.6 2.0 25.6 23.8 3.2 20.6 
90 F 25.7 6.1 19.6 39.7 6.3 33.4 

102 F N/A N/A N/A 12.4 6.2 6.3 

Means (?1 SE): Max. = 24.5 + 3.0a, Min. = 4.3 + 0.7b, Range = 20.2 ? 2.9c 

'0.05 < P < 0.10. 
bp < 0.001. 
c < 0.01. 

hibernacula averaged 12.2 + 1.6 C warmer than 
minimum surface ambient temperatures for 
males and 5.7 ? 1.4 C warmer for females. Max- 
imum temperatures measured in hibernacula 
averaged 24.1 + 1.4 C cooler than maximum 
surface ambient temperatures for males, and 11.0 
+ 0 C cooler for females. 

DISCUSSION 

Characteristics of Hibernation.-The fact that 
each tortoise we monitored at San Pedro used 
a different hibernaculum each year contrasts 
with reports from other sites in the Sonoran 
and Mojave Deserts, where some individuals 
use the same hibernaculum during consecutive 
years (B. Martin, R. Murray, pers. comm.; Wood- 
bury and Hardy, 1948). This difference may be 
associated in part with the friable soil and mod- 
erate minimum winter temperatures at San Pe- 
dro. Tortoises at San Pedro can excavate new 
shelters readily. Desert tortoises in other parts 
of the Sonoran Desert occur in areas with less 
well-developed soils (Vaughan, 1984; pers. obs.) 
and are more restricted to existing shelters. Des- 
ert tortoises living near the northern limit of 
the species range repeatedly use the same deep 
winter dens, often two meters or deeper (Wood- 
bury and Hardy, 1948; Burge, 1977, 1978). Tor- 
toises there, even at elevations nearly 300 m 
lower than San Pedro, are subject to potentially 
lethal minimum temperatures (<-4.4 C, the 
supercooling limit of desert tortoises [Lowe et 
al., 1971]) approximately twice as often as tor- 
toises at San Pedro (National Weather Service 
Weather Station Database; Beaver Dam, Mohave 
County, and San Manuel, Pinal County, Ari- 
zona). Fewer shelters are likely to meet the ther- 
mal requirements of tortoises at colder sites. 

Despite apparent similar availability of north 
and south-facing slopes at our study site, most 
tortoises hibernated on south-facing slopes (Ta- 
ble 1), as did tortoises in other Sonoran Desert 
populations (Auffenberg, 1969; Vaughan, 1984; 
R. Murray, R. Repp, pers. comm.). South slopes 
receive greater amounts of solar radiation and 
are warmer and dryer than north slopes. Using 
south-facing slopes during hibernation reduces 
the likelihood of exposure to fatally low tem- 
peratures and may allow for early spring emer- 
gence (Gregory, 1982). 

As at San Pedro, tortoises in other Sonoran 
populations also occupy shelters on steep slopes 
during hibernation (Auffenberg, 1969; Vaughan, 
1984; Barrett, 1990; Lowe, 1990; R. Murray, R. 
Repp, pers. comm.). By using steep slopes, tor- 
toises avoid potentially adverse factors associ- 
ated with valley floors and washes in the So- 
noran Desert (e.g., thermal sinks, periodic 
flooding, extended periods of damp soil, etc.). 
Use of steep slopes during hibernation by So- 
noran tortoises contrasts with Mojave tortoises, 
which typically overwinter in shelters in washes 
and on valley floors and lower to upper bajadas 
(Woodbury and Hardy, 1948; Burge, 1977, 1978; 
Burge et al., 1989). Most desert tortoises in the 
Mojave Desert occur in areas with more friable 
soils, lower annual and seasonal precipitation, 
and longer seasonal drought versus Arizona 
Upland desert environments (Lowe, 1990). 

Other studies suggest that sexual variation in 
hibernaculum use occurs over much of the range 
of the desert tortoise. Mean hibernaculum 
length was greater for males than for females 
at three other study sites in the Sonoran and 
Mojave Deserts (Fig. 4-calculated from Burge, 
1978; Vaughan, 1984; Burge et al., 1989). 
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We do not know why tortoises at San Pedro 
used some types of shelters and avoided others 
during hibernation. Further studies are needed 
to characterize structural and thermal proper- 
ties of potential tortoise hibernacula and ad- 
dress microhabitat differences among various 
shelter types. 

Environmental factors, including tempera- 
ture and photoperiod, affect hibernation onset 
and termination and associated physiological 
and biochemical processes in other land tor- 
toises (Kuchling, 1981, 1982; Lawrence, 1987). 
Other exogenous and endogenous factors (e.g., 
amount and timing of precipitation, sex, repro- 
ductive state, general health, size and age) may 
affect hibernation onset and termination in des- 
ert tortoises (pers. obs.). 

Female tortoises at Sonoran Desert sites may 
tend to terminate hibernation earlier in the 
spring than males due to several factors. Be- 
cause hibernacula of females do not provide as 
much thermal buffering as those of males (Lowe, 
1990; this study), shelter sites become too hot 
to occupy beyond early spring. Maximum tem- 
peratures in hibernacula of females during the 
first month after hibernation ended exceeded 
45 C. This is higher than temperatures mea- 
sured in shelters used during active seasons (S. 
Bailey, unpubl. data), and exceeds the critical 
thermal maximum for desert tortoises (39.5 to 
43.0 C; Brattstrom, 1965). Female tortoises also 
require additional nutrients for egg production. 
Early spring emergence provides females with 
opportunities to forage when annual plants may 
be abundant and drinking water from late-win- 
ter and early-spring rains may be available. Salt 
accumulation, from eating succulent annual 
vegetation, may prevent tortoises in the Mojave 
Desert from ingesting enough food to achieve 
a positive energy balance in the spring (Nagy 
and Medica, 1986). Because they live in areas 
with greater amounts of winter-spring precip- 
itation relative to Mojave Desert habitats (Jae- 
ger, 1957; Turner and Brown, 1982), female tor- 
toises in the Sonoran Desert often have greater 
access to drinking water. This may allow them 
to excrete excess salts and more fully utilize 
nutrients from spring annual plants. 

Hibernation may affect reproductive physi- 
ology in both male and female desert tortoises. 
Annual testicular cycles of male Hermann's tor- 
toise (Testudo hermanni hermanni) are affected by 
temperature and photoperiod (Kuchling, 1982). 
Extended exposure to high temperatures results 
in temporary and/or permanent sperm sterility 
in desert night lizards (Xantusia vigilis; Cowles 
and Burleson, 1945). Morafka and Banta (1973) 
compared populations of X. vigilis that used dif- 
ferent types of cover in areas with different 
climates but with similar coversite types and 
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FIG. 4. Hibernaculum lengths for male and female 
desert tortoises at four study sites in the Sonoran and 
Mojave Deserts. Values presented are from studies at 
San Pedro Valley, Arizona (this study), Picacho 
Mountains, Arizona (Vaughan, 1984), Arden, Nevada 
(Burge, 1978), and Twenty-nine Palms, California 
(Burge et al., 1989). Sample sizes are shown above 
each error bar. 

availability. They suggested that interpopula- 
tion differences in coversite use are associated 
with a need to avoid high temperatures. Mod- 
erate and relatively constant hibernacula tem- 
peratures may be important for maintenance of 
normal testicular cycles and the avoidance of 
sterility in male desert tortoises. 

Hibernation may be closely tied to aspects of 
female reproductive physiology in reptiles, in- 
cluding sperm storage, energy consumption, 
number and timing of clutches produced, and 
regulation of reproductive cycles (Gregory, 
1982). The source and timing of energy used 
for egg production by female desert tortoises 
has not been determined (Turner et al., 1986). 
Hibernaculum selection may directly impact 
energy acquisition and use. By using shallow 
hibernacula, terminating hibernation early, and 
foraging during periods of abundant annual 
plant growth, female tortoises may increase en- 
ergy and nutrient intake for egg production. 
Hibernaculum selection undoubtedly has an 
impact on overwinter energy consumption, as 
temperature directly affects metabolic rates of 
reptiles (Schmidt-Nielsen, 1975). 

Exposure to low temperatures commonly re- 
sults in winter mortality among many species 
of reptiles (Gregory, 1982; Ultsch, 1989). Female 
desert tortoises in shallow hibernacula may be 
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killed or injured during catastrophic freezes. 
However, due to selection of favorable micro- 
habitats and postures, heating rates are much 
faster than cooling rates for desert tortoises, and 
the shell is an effective insulator against heat 
loss when the limbs are retracted (Mackay, 1964; 
McGinnis and Voigt, 1971; Voigt, 1975). Thus, 
the body temperature of a female tortoise with 
the rear of its carapace exposed to the sun dur- 
ing the day may remain warmer than overnight 
minimum ambient temperatures throughout 
much of the winter. 

Hibernation strategies of long-lived ecto- 
therms such as tortoises may vary with age and 
physical condition, and with differences in sea- 
sonal environmental conditions. Studies are 
needed to understand how factors such as age, 
reproductive status, and geographic location in- 
fluence hibernation, and to determine what 
causes sexual variation in hibernaculum use. 
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