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ABSTRACT 

I quantified several aspects of hibernacula use and 

estimated home ranges of desert tortoises (Gopherus aaassizii^ 

in the San Pedro Valley, Arizona. Tortoises hibernated 

primarily on steep southerly slopes. Hibernacula included 

burrows in silt, silt with loose gravel, diatomite and/or 

diatomaceous marl, and beneath an ash layer, often in 

conjunction with live vegetation, dead and downed vegetation, 

and packrat (Neotoma albiaulal nests. Male tortoises used 

longer hibernacula than females (p < 0.02). Female maximum 

hibernacula temperatures were consistently higher than male 

maximum hibernacula temperatures, but the difference was not 

significant (0.05 < p < 0.10). Female minimum hibernacula 

temperatures were significantly lower than males (p < 0.001) 

and female hibernacula temperatures fluctuated over a 

significantly wider temperature range than males (p < 0.01). 

Hibernacula chosen by males provided greater thermal buffering 

than those chosen by females. Duration of hibernation was 

positively correlated with shelter length. Home-range 

estimates did not differ significantly between males and 

females. 
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INTRODUCTION 

The desert tortoise (Gopherus aaassiziil is a large 

herbivorous reptile that occupies arid and semiarid habitats 

in the American Southwest. Distinct genetic subpopulations 

exist across the desert tortoise range (Jennings, 1985; Lamb 

et al., 1989). In addition, subpopulations are behaviorally, 

ecologically, and morphologically different (Lowe, 1964, 

1990; Luckenbach, 1982; Barrett, 1990). 

The United States Fish and Wildlife Service (USFWS) has 

designated desert tortoises west and north of the Colorado 

River as the Mojave population and tortoises south and east 

of the Colorado River as the Sonoran population (USDI, 1989, 

1990, 1991). The Mojave population occupies portions of 

Great Basin, Mojave, and Sonoran (Lower Colorado River Valley 

subdivision) desertscrub biomes (Turner, 1982a, b; Turner and 

Brown, 1982). Mojave desert tortoises most often are found 

on the flats and rolling hills of basins and mountain bajadas 

(Woodbury and Hardy, 1948; Burge, 1977; Luckenbach, 1982; 

Berry and Nicholson, 1984). The Mojave population was listed 

as threatened in April, 1990 (USDI, 1990). 

Tortoises in the Sonoran population commonly inhabit 

steep rocky slopes and bajadas primarily in palo verde-cacti-

mixed scrub communities of the Arizona Upland subdivision of 

the Sonoran Desert (Lowe, 1964; Burge, 1979; Vaughan, 1984; 

Barrett, 1990). Some populations in Arizona extend above 

desertscrub into semidesert grassland, interior chaparral, 
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and the lower edge of oak woodlands (Johnson et al., 1990). 

The Sonoran population is not listed as threatened or 

endangered because the isolated, patchy, and extremely rugged 

habitats they occupy are considered less subject to the types 

of disturbances that threaten Mojave populations (USDI, 

1991). In addition, the best available data at the time of 

the decision "show neither a significant decrease in the 

species' range nor a decline in abundance over a significant 

portion of the range" (USDI, 1991). 

Most of the published information available on desert 

tortoise ecology and management comes from studies in the 

Mojave Desert (Woodbury and Hardy, 1940, 1948; Turner et al., 

1984; Berry, 1986; Foreman et al., 1986; Nagy and Medica, 

1986; Turner et al., 1986). There is little published 

information concerning Sonoran desert tortoises (Ortenburger 

and Ortenburger, 1927; Lowe, 1964; Auffenberg, 1969; Barrett 

and Humphrey, 1986; Barrett, 1990). 

Several aspects of habitat and shelter site use by 

desert tortoises have been addressed qualitatively, but few 

have been quantified (Burge, 1977, 1979; Luckenbach, 1982; 

Berry, 1984a; Vaughan, 1984; Nagy and Medica, 1986; Shields 

and Woodman, 1988a., b; Holm, 1989; Barrett, 1990; Esque et 

al., 1990). 

Desert tortoises use burrows throughout the year for 

thermoregulation, nesting, and protection from predators 

(Luckenbach, 1982; Vaughan 1984, Barrett and Humphrey, 1986). 
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Tortoises in the northern Mojave Desert remain below the 

surface in burrows approximately 98% of the year (Nagy and 

Medica, 1986). Although similar detailed data for Sonoran 

Desert populations are not yet available, these tortoises 

also appear to spend considerable time within burrows (S. 

Bailey, unpubl. data; J. Snider, Arizona Game and Fish Dept., 

pers. comm.). 

Tortoises in the Picacho Mountains, Arizona, occupied 

significantly larger burrows in the summer than any other 

time of year and used steeper slopes in winter than in other 

seasons (Barrett, 1990). Mojave tortoises, on the other 

hand, use larger shelters in the winter than in other seasons 

and are found in relatively flat areas (Burge, 1977; Woodbury 

and Hardy, 1948). 

Much of the time spent in burrows is spent within a 

single winter hibernaculum. Unlike gopher tortoises 

(Gopherus polvphemus1 in the southeastern United States, 

which are often active on warm winter days (Douglas and 

Layne, 1978), most desert tortoises remain dormant throughout 

the winter months. Most desert tortoises in the Mojave and 

Sonoran deserts spend over 100 days (many over 150) per year 

in their hibernaculum (Burge, 1977; Vaughan, 1984; Nagy and 

Medica, 1986). 

Few quantitative data concerning microhabitat parameters 

of desert tortoise hibernacula have been reported. A few 

researchers have reported hibernacula lengths, percent slope, 
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aspects used during hibernation, and duration of hibernation 

(Burge, 1977, 1978; Vaughan, 1984; Burge et al., 1985). 

Thermal buffering data and variation in the overwintering 

strategies of males and females have been reported by Lowe 

(1990). 

Microhabitat studies of hibernacula are facilitated by 

the length of time tortoises spend in the shelter and the 

inactivity of the tortoise while occupying the shelter. 

Unlike active periods, thermometers can be placed within the 

shelters without being disturbed by the tortoises. 

Studies of the movements and home ranges of desert 

tortoises have been used to understand the habitat requirements 

of tortoises and the impact of human disturbances on tortoise 

populations (Turner et al., 1981; Vaughan, 1984; Barrett, 

1990). Home-range size estimates (using the minimum convex 

polygon [MCP] method [Jenrich and Turner, 1969]) have been 

reported for desert tortoise populations in the Sonoran and 

Mojave Deserts (Turner et al., 1981; Vaughan, 1984; Barrett, 

1990). Estimates for tortoises in the Picacho Mountains, 

Arizona were similar to estimates reported for several Mojave 

desert tortoise populations (Vaughan, 1984; Barrett, 1990). 

My objectives were to document and quantify 

characteristics of hibernacula use in a population of Sonoran 

desert tortoises, to estimate the home-range sizes of adult, 

radio-equipped tortoises, and to identify some of the 



potential impacts to tortoises in the vicinity of the 

Whitecliffs diatomaceous earth mine. 
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STUDY AREA 

The study was conducted on the western slope of the 

Galiuro Mountains, approximately 2 km from the San Pedro 

River and 10 km from Mammoth, Pinal County, Arizona (Fig. 1). 

Elevations ranged from approximately 800 to 950 meters. 

Topography was varied, with steep arroyos and rocky slopes 

between 40 and 70%. Arroyos were separated by flat and 

rolling gravel-covered areas, and sheer cliffs were scattered 

throughout the site. Geology of the area was characterized 

by granitic bedrock, lake bed sediments composed principally 

of silt, marl, and diatomite (interbedded with volcanic ash 

layers and thin-bedded conglomerates), undifferentiated silt 

and gravel, and alluvium in present day washes (Shenk, 1990). 

Unlike most desert tortoise habitats in the Sonoran Desert, 

no large boulders (> 1 m in diameter) that could be used for 

shelter sites were in the area. 

The vegetation was ecotonal between the Arizona Upland 

subdivision of the Sonoran Desert and semidesert grassland 

(Brown, 1982; Turner and Brown, 1982b). The plant community 

was dominated by foothill palo verde (Cercidium 

microphvlluml, creosotebush (Larrea tridentata), and saguaro 

(Carnecriea qiaantea). An extensive (but not exhaustive) list 

of plant species found in the area are listed in Table 1. 
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Fig. 1. Location of desert tortoise study plot in the 

San Pedro River Valley, Arizona with a topographic 

representation (contour interval = 40 ft.[12.3 m]). The 

dashed polygon is the study area. 
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Table 1. Plants in an ecotone between the Arizona 

Upland subdivision of the Sonoran Desert and semidesert 

grassland on the western slope of the Galiuro Mountains, 

Pinal County, Arizona. 

Scientific name Common name 

Shrubs and Subshrubs 

Acacia constricta white thorn 

Acacia areaaii catclaw 

Alovsia wriahtii oregenillo 

Ambrosia dumosa white bursage 

AtriDlex canescens four-wing saltbush 

Brickellia coulteri brickel bush 

Calliandra erioDhvlla fairy duster 

Carneaiea aiaantea saguaro 

Celtis pallida desert hackberry 

Cercidium floridum blue palo verde 

Cercidium microDhvllum foothill palo verde 

ChrvsoDsis hisDida golden aster 

Dalea formosa feather dalea 

Dasvlirion wheeleri sotol 

Encelia farinosa brittle bush 

EDhedra nevadensis var. boundary ephedra 

asDera 

Ferocactus wislizenii barrel cactus 
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Table 1. (continued) 

Scientific name Common name 

Shrubs and Subshrubs (Continued) 

Fououieria splendens 

Krameria parvifolia 

Larrea tridentata 

Lvcium parishii 

Machaeranthera pinnatifida 

Melamoodium leucanthum 

Menodora scabra 

Nicotiana alauca 

Qpuntia spp. 

Prosopis iuliflora 

Psilotrophe cooperi 

Tamarix ramosissima 

Tiauilia canescens 

Yucca elata 

Zinnia acerosa 

Ziziphus obtusifolia 

ocotillo 

little-leaved ratany 

creosotebush 

Parish thornbush 

desert aster 

black foot 

twinberry 

tree tobacco 

prickly pear and cholla cacti 

mesquite 

yellow paper flower 

salt cedar 

shrubby coldenia 

soaptree yucca 

desert zinnia 

gray thorn 

Aristida adscensionis 

Bouteloua aristidoides 

Bouteloua barbata 

Grasses 

six weeks three awn 

six-weeks needle grama 

six-weeks grama 
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Scientific name Common name 

Bromus rubens 

Diqitaria californica 

Eraarostis cilianensis 

Erioneuron pulchellum 

Muhlenberaia porteri 

Panicum hirticaule 

Grasses (continued) 

red brome 

crab grass 

stinkgrass 

fluffgrass 

bush muhly 

panic grass 

Allionia incarnata 

Astragalus nuttalianus 

Bahia absinthifolia 

Baileva multiradiata 

Cassia covesii 

Dichelostemma pulchellum 

Erioqonum spp. 

Erodium cicutarium 

Erodium texanum 

Euphorbia spp. 

Hibiscus denudatus 

Ipomopsis lonaiflora 

Forbs 

trailing four-o'clock 

loco weed 

wild marigold 

desert senna 

blue dicks 

wild buckwheat 

filaree 

large-flowered stork's bill 

spurge 

rock hibiscus 

white-flowered gilia 
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Table 1. (continued) 

Scientific name Common name 

Forbs (continued) 

Janusia aracilis slender janusia 

Kallstroemia arandiflora summer poppy 

LaDDula redowskii stickseed 

Lesouerella aordoni Gordon bladderpod 

Lotus humistratus hill locust 

LuDinus SDarsiflorus lupine 

Mentzelia Dumila blazing star 

Pectis rusbvi fetid-marigold 

Salsola kali Russian thistle 

SDhaeralcea laxa caliche globe mallow 

StreDtanthus carinatus twist flower 

Svsimbrium irio London rocket 

Tidestromia lanuainosa wooly tidestromia 
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Two weather stations with incomplete records were 

located near the study area. Both stations recorded 

precipitation only; historical temperature data are not 

available. San Manuel, located approximately 10 km west of 

the plot, received an average annual rainfall of 404 mm 

during the 1980's and Redington, approximately 25 km south of 

the plot, received an average annual rainfall of 390 mm 

during the 1980's. 

The study was conducted on land adjacent to the 

Whitecliffs diatomaceous earth mine. Some of the tortoises 

found during the study were on land that may be used for 

future quarry sites, and others were found in areas adjacent 

to the existing quarries. The mine could negatively impact 

tortoises and other wildlife in the immediate vicinity of the 

quarries and the processing facility. Additionally, the San 

Manuel copper smelter, with its extensive tailings pile, was 

located approximately 10 km west of the site. Effluent from 

the smokestacks often lingered over the entire valley and 

dust from the tailings filled the air during high winds. 
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MATERIALS AND METHODS 

Location. Processing, and Tracking of Studv Animals.—I 

located tortoises by visual searches of potential shelter sites 

and surrounding areas. I measured tortoises with calipers and 

a metric rule and weighed them with Pesola spring scales. I 

photographed the carapace, plastron, and left fourth costal 

scute, assessed the health of the individual, noted any scute 

anomalies, and uniquely numbered each tortoise. I notched the 

marginal scutes with a file according to Berry (1984b) and 

applied a small area of white correction fluid to the right 

fourth costal scute, wrote the identification number on the 

white area, and covered the area with epoxy. 

I equipped an equal number of male and female tortoises 

(4 each) with radio transmitters (Telonics: models 070, 080, 

and 125). I attached stainless steel brackets, designed by 

Steve Allvin of the University of Arizona Sheet Metal Shop and 

me, to the marginal scutes of the tortoises with epoxy (above 

the forelimbs of females and above the hindlimbs of males). 

These brackets held the radio in place with tabs which were 

folded down over the tabs on the radio. This allowed me to 

change the transmitters quickly and repeatedly without the use 

of epoxy each time. I attached the transmitter antennas to the 

carapace with epoxy on some individuals, and on others I 

channeled the antenna through a length of plastic tubing that 

was attached to the carapace with epoxy. I avoided scute seams 

when applying epoxy. 
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I monitored tortoises equipped with transmitters on 

approximately a weekly basis during the winter and one to three 

times per week throughout the active seasons. I tracked the 

radio-equipped tortoises using a directional antenna and 

receiver and made observations of tortoises not equipped with 

transmitters whenever they were encountered. 

I fitted seven adult tortoises (three females and four 

males; #'s 80, 81, 83, 88, 89, 90, and 91) with radio 

transmitters in September, 1990 and monitored them during two 

winters. I equipped an additional female (#102) with a 

transmitter in July, 1991 and monitored her through one winter. 

I located a tortoise without a transmitter (#99) during visual 

inspection of a shelter in December, 1990. I monitored this 

individual throughout the 1991 hibernation season. All but two 

of these tortoises had relatively little shell wear, and all 

appeared healthy and robust. 

Shelter Characteristics.—Each time I found a tortoise in 

a shelter I recorded the following: length of shelter, shelter 

type, aspect, shelter opening orientation, percent slope, and 

position of tortoise within shelter (e.g., facing in or out, 

depth of tortoise in shelter, etc.). I measured shelter length 

by extending a metal metric rule from the mouth to the rear of 

the shelter. Shelters were classified as one or more of the 

following types: (1) burrow in silt, (2) burrow in silt with 

loose gravel, (3) burrow in terrace gravel, (4) burrow in 

diatomite and/or diatomaceous marl, (5) burrow beneath ash 
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layer, (6) base of live vegetation, (7) under dead and downed 

vegetation, and (8) packrat (Neotoma albiaulal nest. I 

determined aspect by turning my back parallel to the slope 

surrounding the shelter (10-20 m either side of the opening) 

and measuring that bearing in degrees with a compass. I also 

measured the orientation of the shelter opening in degrees with 

a compass. I measured percent slope (in the direction of the 

aspect) with an Abney level. I recorded the mean of two 

measurements (one uphill and one downhill) as the slope. I 

placed twigs erect at the entrance of occupied shelters to 

determine if movement out of the shelter occurred between 

inspections. 

Determination of Hibernation Duration.—I determined onset 

of hibernation for all telemetered tortoises -a posteriori, as 

the first date after which a tortoise did not emerge from a 

winter shelter site. I defined the end of hibernation as the 

first date of movement out of the hibernaculum in the spring. 

Because I found the non-telemetered tortoise (#99) after 

hibernation began, I was unable to determine how long this 

individual remained dormant, but shelter temperature and length 

measurements for this individual were included in analyses. 

Temperature Measurement.—I measured maximum and minimum 

ambient temperatures (1.5 m above the surface) at the study 

site with two calibrated maximum-minimum recording thermometers 

from October, 1990 to May, 1992. One thermometer was in a 
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foothill palo verde on a ridge top and the other was in a 

mesquite in the bottom of an arroyo. 

I measured shelter site temperatures with calibrated 

maximum-minimum recording thermometers. I checked and reset 

the thermometers on approximately a weekly basis during both 

winters of the study (mid-December 1990 to early June 1991 

[1991 hibernation season]; mid-December 1991 to early April 

1992 [1992 hibernation season]). 

All male tortoises overwintered in large shelters during 

both years so the thermometers were placed within the shelter 

as close to the tortoise as possible. Because of shelter 

structure two males were not visible during hibernation in 

1991, and none were visible in 1992. Under these circumstances 

I placed the thermometers as far into the shelter as physically 

possible (all thermometers were >75 cm into the shelter). 

In 1991, all female tortoises overwintered in shelters 

too small to accommodate the tortoise and a thermometer and all 

but one of the females occupied similar shallow shelters in 

1992. The newly telemetered female (# 102) occupied a slightly 

deeper shelter so the thermometer was placed in the shelter 

with her. When the shelter was too small for both the tortoise 

and a thermometer, I measured temperatures in a surrogate 

shelter as close and as similar in exposure and aspect to the 

actual shelter as possible (< 5 m). A thermometer was placed 

in the female's shelter after she departed in the spring, and 
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temperatures were measured in the actual shelter and surrogate 

shelter for an additional five to seven weeks. I compared 

temperatures measured in the two shelters using a two-tailed 

Mann-Whitney-Wilcoxon two-sample test and calculated the 

coefficient of variation for the difference between the 

shelters. 

Shelter Site Thermal Buffering.—During the 1992 

hibernation season I placed a single maximum-minimum recording 

thermometer (painted white to match albedos of the light 

colored soils more closely) in the open less than one meter 

from the opening of each tortoise hibernaculum. This allowed 

me to compare ambient surface temperatures to temperatures 

measured in the hibernaculum. The amount of thermal buffering 

provided by a shelter (for maximum and minimum temperatures) is 

the difference between ambient surface temperatures and shelter 

temperatures. I determined the amount of thermal buffering for 

each weekly sampling period. I calculated mean maximum and 

mean minimum thermal buffering for each tortoise over the nine 

sampling periods that all individuals were hibernating and used 

these values for statistical analyses. 

Home-Ranae Estimation.—I recorded each tortoise location 

on a 7.5 minute topographic map and analyzed the data using 

McPAAL, a software package for personal computers. Home ranges 

were estimated for all eight telemetered individuals using the 

minimum convex polygon method (Jenrich and Turner, 1969). 

Because differences in number of observations may affect home-
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range estimates I corrected the measured estimates for sample 

size bias using a logarithmic formula derived by F. B. Turner 

(from Vaughan, 1984 and Barrett, 1990): 

Corrected Measured Home-Range 

Home-Range 0.257 In n - 0.31 

where n = number of observations. I used corrected estimates 

for the analysis of home-range data to permit comparison 

between this study and a home-range study of tortoises in the 

Picacho Mountains, Arizona (Vaughan, 1984). 

Statistical Procedures.—I analyzed aspects used by 

tortoises during hibernation using circular descriptive 

statistics and goodness of fit testing (Zar, 1984). I 

compared slope orientations for male and female tortoises 

using Watson's U2 test for two samples with ties. I used 

Watson's one-sample U2 test to determine if the data were 

uniformly distributed and I determined the mean angle and 

angular deviation (analogous to standard deviation). 

I compared male and female hibernacula lengths measured 

during 1991 and 1992 using a two-tailed Mann-Whitney-Wilcoxon 

two sample test (Gibbons, 1976). Hibernaculum length for six 

tortoises (three males and three females) was measured during 

both winters and hibernaculum length for three tortoises (two 

males and one female) was measured during one winter. I used 

mean hibernaculum length in the analysis for all individuals 

monitored during both winters and raw data for all 
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individuals that were only monitored during one winter. 

Thus, sample sizes for the analysis were five males and four 

females. 

I compared hibernation duration for male and female 

tortoises at both the Picacho Mountains (Vaughan, 1984) and 

San Pedro study sites with a two-factor ANOVA following rank 

transformation of the data to make it a non-parametric test 

(Zar, 1984). I used mean duration in the analysis for 

individuals monitored during both winters and raw data for 

those monitored during one winter at the San Pedro site. 

Data was only available for one winter at the Picacho 

Mountains so raw data was used in the comparison. 

I used separate Spearman rank correlation analyses 

(Gibbons, 1976) to determine the relationship of shelter 

length and amount of time spent in hibernation at the Picacho 

Mountains (Vaughan, 1984) and San Pedro study sites. I used 

mean duration and mean hibernaculum length values in the 

correlation analysis for individuals monitored during both 

winters and raw data for individuals that were only monitored 

during one winter at the San Pedro study site. Data from the 

Picacho Mountains was only collected during a single winter 

so I used raw data in the analysis. 

I compared hibernacula temperatures for the period of 

time that all individuals were dormant each winter. This 

included sampling periods from 12 January to 17 March 1991 (n 

= 9 sampling periods) and from 18 December 1991 to 16 March 
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1992 (n = 9 sampling periods). The first sampling period of 

each year (7 Jan 1991 and 14 Dec 1991) was not used in 

analyses because carrying the thermometers to the shelters in 

a pack tends to separate the mercury column and raise the 

temperature (if the sun is shining directly on the pack), 

making the first measurement unreliable. Thus, the first 

weekly sampling period was used to acclimate the thermometers 

to the shelters. Additionally, two thermometers had 

unreliable measurements on 5 January 1992 due to mercury 

column separation. Temperatures measured during this 

sampling period were not used in the analyses. I calculated 

mean temperatures (maximum, minimum, and range), for each 

tortoise over the nine sampling periods during both years, 

and used these values in the statistical analyses. I used a 

two-factor ANOVA following rank transformation of the data 

for the shelter temperature analyses (Zar, 1984). 

I compared mean thermal buffering provided by male and 

female shelters during the 1992 hibernation season using a 

two-tailed Mann-Whitney-Wilcoxon two sample test (Gibbons, 

1976). 

I compared corrected home-range estimates for male and 

female tortoises at the Picacho Mountains (Vaughan, 1984) and 

San Pedro study sites using a two-factor ANOVA following rank 

transformation of the data (Zar, 1984). 



Critical values for hypothesis testing were at a = 0 

level of significance. Means are presented + 1 standard 

error (SE), unless otherwise indicated. 
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RESULTS AND DISCUSSION 

Weather Conditions Purina the Study.—Above normal 

winter and spring rains in 1991 and 1992 resulted in abundant 

spring annual plant growth. Summer rains were plentiful in 

1990 resulting in a considerable summer annual plant crop. 

However, summer rainfall was below normal in 1991 and few 

summer annual plants emerged. 

Winter and spring temperatures were similar during both 

years, but it was considerably warmer during late summer and 

fall 1991 than the previous year. In addition, fall ambient 

temperatures (1.5 m above the surface) decreased more rapidly 

in 1991 than the previous fall (Fig. 2). 

Tortoises Found.—A total of 21 tortoises were found 

during visits to the study site. Nine of the individuals were 

females (mean median carapace length [MCL] = 232.9 +. 6.9 mm 

[SE]; range = 201 - 270 mm), nine were males (mean MCL = 223.3 

+8.4 mm; range = 200 - 277 mm), and three were too small to 

determine their sex (mean MCL = 153.3 +10.0 mm; range = 141 -

173 mm). No live juvenile tortoises were found, but one 

recently dead juvenile carcass was found in August, 1992. All 

live tortoises appeared healthy. 

Identification of the Non-Telemetered Hibernating 

Tortoise.—Temperatures warmed considerably in late February, 

1991. Rather than risk losing the non-telemetered individual 
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Arroyo Maximum 
Arroyo Minimum 
Ridge Maximum 
Ridge Minimum 

Fig. 2. Maximum and minimum ambient temperatures on a 

ridge and in an arroyo at the San Pedro desert tortoise study 

site, Pinal County, Arizona. Temperatures were measured 

between October, 1990 and May, 1992 with maximum-minimum 

recording thermometers. Thermometers were 1.5 m above the 

surface and shielded from direct solar radiation. 
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before I could determine its sex, I elected to remove it for 

inspection. This allowed me to use all factors except 

duration of hibernation in analyses. The tortoise turned out 

to be, as predicted, a large adult male. 

Sample Size Differences Between 1991 and 1992.—Female 

sample size changed between 1991 and 1992 (Tables 1, 2) 

because I found an additional female prior to the 1992 

hibernation period. The difference in male sample size 

between 1991 and 1992 (Tables 1, 2) is the result of two 

separate incidences. In 1991 I found a non-telemetered male 

tortoise (#99) during hibernation, but this individual was 

not found during winter, 1992. Another male tortoise (#91) 

was severely injured in September, 1991. As a result of his 

injuries this individual did not hibernate during winter, 

1992. 

Hibernacula Use Between Years.—All individuals monitored 

during both hibernation seasons at the San Pedro site used a 

different hibernaculum each winter. This is in contrast to 

some other Arizona study sites and some study sites in the 

Mojave Desert, where some individuals use the same hibernaculum 

each winter (B. Martin, S.R.N.R., University of Arizona, pers. 

comm.; Woodbury and Hardy, 1948). This may be associated in 

part with the abundance of relatively friable soil at the San 

Pedro site, that allows tortoises to excavate new shelters 

instead of being restricted to existing shelters. 



Table 2. Characteristics of tortoise hibernation in the San Pedro River 
Valley, Pinal County, Arizona, during 1990-1991. Shelter Types are: 1 = 
burrow in silt, 2 = burrow in silt with loose gravel, 3 = burrow in terrace 
gravel, 4 = burrow in diatomite and/or diatomaceous marl, 5 = burrow beneath 
ash layer, 6 = base of live vegetation, 7 = under dead and downed vegetation, 
and 8 = Neotoma albiaula nest. Hibernacula composed of two or more types in 
conjunction are listed as each type. 

Begin End Shelter 

Tortoise hibernation hibernation Duration length Shelter Slope Aspe( 

No. Sex (mm/dd/yy) (mm/dd/yy) (days) (cm) type < % >  (o) 

80 M 10/17/90 05/12/91 207 174 4 59 132 

81 M 10/27/90 05/04/91 189 178 5 61 236 

88 M 12/01/90 06/01/91 182 111 CO
 

50 307 

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

99 M _ 109 4 62 93 

83 

89 

90 

F 

F 

F 

12/01/90 

12/01/90 

12/19/90 

03/17/91 

03/17/91 

04/27/91 

106 

106 

129 

17 

14 

21  

2 61 92 

2,7 59 132 

4 51 113 



Table 3. Characteristics of tortoise hibernation near the San Pedro River, 
Pinal County, Arizona during 1991-1992. Shelter Types are: 1 = burrow in 
silt, 2 = burrow in silt with loose gravel, 3 = burrow in terrace gravel, 4 = 
burrow in diatomite and/or diatomaceous marl, 5 = burrow beneath ash layer, 6 
= base of live vegetation, 7 = under dead and downed vegetation, and 8 = 
Neotoma albiaula nest. Hibernacula composed of two or more types in 
conjunction are listed as each type. * males 81 and 88 shared the same 
shelter. a deepest measurable point in hibernaculum. 

Begin End Shelter 

Tortoise hibernation hibernation Duration length Shelter Slope Aspect 

No. Sex (mm/dd/vY) (mm/dd/yy) (days) (cm) type ( % )  (o)  

80 M 10/30/91 04/11/92 164 82a 1,6 52 190 

81* M 11/24/91 03/20/92 117 103a 1 49 193 

88* M 11/24/91 03/20/92 117 103a 1 49 193 

83 F 11/08/92 03/29/92 142 16 2,6 66 291 

89 F 12/07/91 03/08/92 92 18 2,6 53 159 

90 F 10/30/92 03/16/92 138 21 2,6 65 188 

102 F 10/19/92 04/04/92 168 44 2,6,8 16 358 
u> 
U1 
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Aspects Used Purina Hibernation.—In 1991, seven of eight 

tortoises overwintered on slopes with some degree of southern 

exposure (aspects between 91° and 269°), and five of seven were 

on southerly slopes in 1992 (Tables 1, 2, Fig. 3). Orientation 

of slopes used by males and females during hibernation did not 

differ significantly (U2 = 0.102; p > 0.20) so combined data 

were used for subsequent analyses. Aspects used by tortoises 

during hibernation were not uniformly distributed around the 

compass (U2 = 2.377; p < 0.001). The mean angle and angular 

deviation (analogous to standard deviation) for the combined 

data was 185 + 63.5°. Tortoises at the San Pedro study site 

used similar aspects during active periods. 

I did not evaluate the availability of aspects in the 

study area for this study. However, I believe that tortoises 

at the San Pedro site use southerly slopes disproportionate 

to their availability. The canyons in the area generally run 

from northeast to southwest (Fig. 1). Because of the 

direction of the drainages the number of northerly and 

southerly slopes in the study area is nearly equal. In 

addition, most of the observations of telemetered tortoises 

were on southerly slopes even though there were northerly 

slopes nearby. For example, female #89 (Fig. 6a) was 

observed 80 different times during the study and was only 

found on the north side of the finger of land she occupied on 

a single occasion. 



37 

• = Female (1990-1991) 
A= Male (1990-1991) 
• = Female (1991-1992) 
• = Male (1991-1992) 

^ = Mean angle 

W 

Fig. 

San Pedro 

1992. 

3. Aspects used by hibernating tortoises at the 

River Valley study site during winter, 1991 and 
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The predominant use of south and east slopes by both 

males and females during active periods at the San Pedro site 

is dissimilar to some other Sonoran Desert populations (Hart 

et al., 1991; Shields et al., 1990). This is attributed in 

part to the light colored soils, lack of boulders, and 

slightly cooler overnight temperatures found at the San Pedro 

site (Hart et al., 1991). These factors combine to allow 

tortoises to use southerly slopes during the hot summer 

months at the San Pedro site, when the same slopes are 

unsuitable at other Sonoran Desert locations. 

Although tortoises in some other Sonoran populations 

tend to avoid southerly slopes during active periods, it 

appears that they frequently use south-facing slopes during 

hibernation similar to desert tortoises at the San Pedro 

study site and many other species of terrestrial reptiles 

(Gregory, 1982). Auffenberg (1969) reported that tortoises 

near Tucson, Arizona used south-facing arroyo slopes during 

hibernation. Tortoises in northwest Arizona commonly used 

north slopes during August and September, but by late October 

were most often found on south slopes (Shields et al., 1990). 

Female tortoises northeast of Phoenix, Arizona also shifted 

to southerly slopes in the winter (R. Murray, Department of 

Wildlife and Fisheries Sciences, University of Arizona, pers. 

comm.). Four telemetered tortoises in the Picacho Mountains, 

Arizona used northerly slopes during hibernation, five used 

slopes with east and west orientations, and five were found 
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on southeast, and southwest-facing slopes (Vaughan, 1984). 

South-facing slopes receive greater amounts of solar 

radiation, are consistently warmer than north facing slopes, 

and consequently dry faster than north slopes. 

Slopes Used Purina Hibernation.—I occasionally found 

tortoises at the San Pedro site using relatively flat areas 

prior to hibernation (while active and inactive), but all 

individuals hibernated on slopes >. 50% in 1991 (Table 1). 

Males and females used slopes of similar grade during 

hibernation in 1991. In 1992 one female hibernated on a 

relatively flat area (#102, 16%), while the remaining 

tortoises were on slopes > 49% (Table 2). 

Tortoises in some other Sonoran populations also occupy 

shelters on steep slopes during hibernation (Auffenberg, 

1969; Vaughan, 1984; Barrett, 1990; Lowe, 1990). By using 

steep slopes, tortoises can avoid thermal sinks, pooling of 

precipitation, periodic flooding, and longer periods of damp 

soil often associated with washes and flat lands in the 

Sonoran Desert. This contrasts with the Mojave Desert, where 

tortoises typically avoid freezing temperatures by 

overwintering in hibernacula in'relatively flat areas on the 

valley floors and lower to upper bajadas. Such habitat 

selection is associated with the friable soils and low annual 

precipitation of the Mojave Desert (Lowe, 1990). 

Hibernaculum Length.—Male tortoises at the San Pedro 

site occupied longer shelters during hibernation than female 
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tortoises ([p < 0.02] Fig. 4, Tables 1, 2). Mean 

hibernaculum length for males was 118.3 + 6.8 cm (range = 82 

- 178 cm, n = 5). Due to shelter structure, the exact 

lengths of all 1992 male hibernacula were not measurable. 

The values reported and used in the analysis reflect the 

deepest measurable point of each hibernaculum and are thus 

conservative estimates. Female tortoises used very shallow 

shelters with a mean length of 24.4 ±6.64 cm (range = 16 -

44 cm, n = 4). 

Information from other studies suggests that males tend 

to select longer hibernacula than females in many different 

portions of desert tortoise range. Mean male hibernaculum 

length was greater than mean female hibernaculum length at 

three other study sites in both the Sonoran and Mojave 

deserts (Fig. 5). 

Mean hibernaculum length for males in the Picacho 

Mountains was 130.8 +, 25.6 cm (range = 47 - 200 cm; n = 5), 

and mean female hibernaculum length was 83.4 + 18.4 cm (range 

= 20 - 200 cm; n = 9) (Vaughan, 1984). Two female tortoise 

shelter lengths were listed as "pallet", which Vaughan (1984) 

defined as shallow, exposed, depressions. I substituted 20 

cm, a reasonable length for a pallet, for calculation 

purposes. 
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Fig. 4. Hibernaculum lengths for male and female desert 

tortoises at the San Pedro River Valley, Arizona study site 

during winter, 1991 and 1992 and with both years combined. 

Sample sizes are shown above each error bar. 
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Fig. 5. Hibernaculum lengths for male and female desert 
tortoises at four study sites in the Sonoran and Mojave 
deserts, values presented are from studies in the San Pedro 
River Valley, Arizona (this study), Picacho Mountains, 
Arizona (Vaughan, 1984), Arden, Nevada (Burge, 1978), and 
Twenty-nine Palms, California (Burge et al., 1985). Sample 
sizes are shown above each error bar. 
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At Twenty-nine Palms Marine Corps Center, California 

mean hibernaculum length for males was 197.0 +29.9 cm (range 

= 120 - 260 cm; n = 5), while mean hibernaculum length for 

females was 64.7 +. 10.1 cm (range = 50 - 84 cm; n = 3)(Burge 

et al., 1985). Overwinter data for young tortoises gathered 

by Burge et al. (1985), suggests that age dependent variation 

in hibernacula use may also occur. 

Similar to the three other study sites, mean male 

hibernaculum length was greater than mean female hibernaculum 

length at the Arden, Nevada site (Burge, 1978). Mean male 

hibernaculum length was 245.3 +.22.0 cm (range = 60 - >300 

cm; n = 17), whereas mean female hibernaculum length was 

178.1 +40.1 cm (range = 25 - >300 cm; n = 8). Most of the 

male tortoises and three of the females (15 of 25 

individuals) at the Arden study site hibernated in large 

consolidated gravel dens that were at least 300 cm long. 

Because of den structure, actual lengths of the shelters (and 

the actual lengths at which the tortoises hibernated) were 

indeterminable. Actual mean male hibernaculum length may be 

much greater, and actual mean female hibernaculum length 

somewhat greater than values presented above. 

Shelter Types Used Purina Hibernation.—Tortoises used 

burrows in terrace gravel, silt, silt with loose gravel, 

diatomite and/or diatomaceous marl, and beneath ash layers at 

the San Pedro site. Tortoises were also found at the base of 

live vegetation, under dead and downed vegetation, and in 
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packrat nests. During winter, tortoises hibernated in 

burrows in silt, silt with loose gravel, diatomite and/or 

diatomaceous marl, and beneath ash layers (Tables 1, 2). 

The two vegetation shelter types and packrat nests were 

used independently (e.g., tortoise at the base of palo 

verde with no excavation) and in conjunction with other 

shelter types (e.g., tortoise in a silt burrow at the base 

of palo verde) during active periods, but during winter 

they were only used in conjunction with other shelter 

types (Tables 1, 2). Several tortoises (including some 

that were not equipped with radio-transmitters and not 

found again) were occupying terrace gravel shelters just 

prior to hibernation during both years. All occupied 

terrace gravel shelters were vacated prior to winter. 

Tortoises fitted with radios moved to one of the other 

shelter types for hibernation. 

Hibernation Duration.—Length of time spent in 

hibernation at the Picacho Mountains and San Pedro study 

sites 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). 

At the San Pedro site mean duration of hibernation for 

males was 154 + 12 days (range = 117 - 207 days; n = 4), 
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and females hibernated for an average of 131 +. 14 days 

(range = 92 - 168; n = 4) (Fig. 6). 

At the Picacho Mountains study site males hibernated for 

an average of 140 + 20 days (range = 81 - 194 days; n = 5), 

whereas mean female hibernation duration was 118+9 days 

(range = 64 - 154 days; n = 9) (Fig. 6). 

Although hibernation duration did not differ between the 

sexes, females at the San Pedro site were the first to terminate 

hibernation during both years. During March of each year I 

observed females actively moving and foraging before any males 

had emerged. Similarly, most females at the Picacho Mountains 

study site terminated hibernation in February and March, whereas 

most males terminated hibernation in April and May. 

The tendency for females to terminate hibernation earlier 

in the spring than males may be the result of several factors. 

Because female hibernacula do not provide as much thermal 

buffering as those chosen by males (Lowe, 1990), temperatures at 

the female shelter sites become too hot to allow continued 

occupation beyond early spring. Further, females require 

additional amounts of nutrients such as calcium for egg 

production. Emerging early in the spring, when annual plant 

growth may be abundant, allows females to forage extensively 

during this "time of plenty". 

Environmental factors including temperature and 

photoperiod, may affect hibernation onset and termination 
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Fig. 6. Mean hibernation duration for male and female 

desert tortoises at the Picacho Mountains and San Pedro River 

Valley study sites, Pinal County, Arizona. Sample sizes are 

shown above each error bar. 
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dates and associated physiological and biochemical processes 

(Kuchling, 1981, 1982; Lawrence, 1987). Other factors such as 

the amount and timing of precipitation, relative humidity, 

reproductive state, general health, size and age, and level of 

hydration may also affect hibernation onset and termination 

dates. 

Relationship of Hibernation Duration and Hibernaculum 

Length.—Amount of time spent hibernating was positively 

correlated with shelter length (R = 0.74, p < 0.05; n = 8) at 

the San Pedro site. A similar positive correlation was noted 

at the Picacho Mountains study site (R= 0.55, p< 0.05; n= 

14) (Vaughan, 1984). 

Many factors may contribute to the relationship between 

hibernation duration and hibernaculum length. The results from 

this study are inconclusive concerning this phenomenon. 

Female Actual/Surrogate Shelter Temperature Comparisons.— 

Because female shelters were too small to accommodate the 

tortoise and a thermometer I had to measure shelter temperatures 

in a surrogate shelter and compare temperatures measured in the 

actual and surrogate shelters after the females moved. Three of 

seven actual/surrogate comparisons were significantly different 

(p < 0.05), but the coefficients of variation (CV) were so high 

(> 43%) that no corrections were applied. The differences in 

temperatures may in fact be real but quantitative adjustment is 

not justified with such a high CV. Mean differences between 

actual and surrogate shelters were all less than 4 °C. 
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Hibernaculum Temperatures.—Female minimum hibernacula 

temperatures were consistently lower than male minimum 

hibernacula temperatures during both winters (Fig. 7, 8) Mean 

female minimum hibernaculum temperature was significantly 

colder than mean male minimum hibernaculum temperature (H = 

11.487; p < 0.001 [Tables 4, 5]). Minimum hibernaculum 

temperatures 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). 

Female maximum hibernacula temperatures were consistently 

warmer than male maximum hibernacula temperatures during both 

winters (Fig. 7, 8). However, the difference between maximum 

temperatures in male and female hibernacula was not significant 

(H = 3.722; 0.05 < p < 0.10 [Tables 4, 5]). Maximum hibernacula 

temperatures 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). 

Mean hibernaculum temperature range (the difference 

between maximum and minimum shelter temperatures) was 

significantly greater for females than males (H = 7.184; p < 

0.01 [Tables 4, 5]). Shelter temperature ranges did not differ 

significantly between years and there was no significant year 

by sex interaction (H = 1.990 and 0.179, respectively; p > 

0.10, and p > 0.50). Thus, male hibernacula have a more 

constant thermal environment than female hibernacula. 
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Fig. 7 - Weekly mean maximum (A) and minimum (B) shelter 
temperatures for male and female desert tortoises near the San 
Pedro River, Arizona during 1991. The dates shown are days on 
which the thermometers were read and reset for the next sampling 
period. The vertical bars are + 2 standard errors, and the 
numbers above and below the error bars are the sample size for 
the respective sex on that date. * indicates dates used for 
statistical analyses. 
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Fig. 8 - Weekly mean maximum (A) and minimum (B) shelter 
temperatures for male and female desert tortoises near the San 
Pedro River, Arizona during 1992. The dates shown are days on 
which the thermometers were read and reset for the next sampling 
period. The vertical bars are + 2 standard errors, and the 
numbers above and below the error bars are the sample size for 
the respective sex on that date. * indicates dates used for 
statistical analyses. 



Table 4. Hibernaculum temperatures for individual male and female desert 
tortoises, San Pedro River Valley, Arizona, 1991-2. 

Mean max. Mean min. Mean max. Mean min. 

temp. temp. Temp. range temp. temp. Temp. range 

Tortoise 1991 1991 1991 1992 1992 1992 

No. 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 

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 
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Table 5. Mean hibernaculum temperatures for male and 

female desert tortoises, San Pedro River Valley, Arizona, 

1991-2, and results of two-factor ANOVA statistical analyses 

following rank transformation of data. 

Thermal 

Characteristic Male Female H p 

Mean max.+ 1 SE 
18.2 + 1.1 24.5 + 3.0 3.722 < 0.10 

(°C) 

Mean min.+ 1 SE 
9.3 + 1.0 4.3 + 0.7 11.487 < 0.001 

(°C) 

Temp, range + 1 SE 
8.8 + 1.1 20.2 ± 2.9 7.184 < 0.01 
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Shelter Site Thermal Buffering.—In 1992, mean thermal 

buffering (the difference between surface ambient temperature 

and shelter temperature) was greater for male hibernacula than 

for female hibernacula at the San Pedro site, for both minimum 

and maximum temperatures (p = 0.114 and p = 0.058, 

respectively) (Fig. 9). Because the sample sizes for the 

respective sexes were so small (4 females and 3 males), the two 

lowest p values obtainable with a two-tailed Mann-Whitney-

Wilcoxon two sample test were 0.058 and 0.114. Minimum shelter 

temperatures averaged 12.2 + 1.6 °C warmer than minimum surface 

ambient temperatures for males and 5.7 +. 1.4 °C warmer for 

females. Maximum shelter temperatures averaged 24.1 + 1.4 °C 

cooler than maximum surface ambient temperatures for males and 

11.0 + 4.0 °C cooler for females (Fig. 9). 

Data presented by Lowe (1990) corroborates my findings. 

He compared the minimum thermal buffering of hibernacula chosen 

by male and female tortoises in the Tucson Mountains, Arizona 

during portions of January, February, and March. The mean 

difference between the minimum thermal buffering of male and 

female hibernacula was compared with a paired-sample t test for 

each period. Minimum thermal buffering of male hibernacula was 

greater than that of female hibernacula (p < 0.001 for each 

sampling period). As a result, minimum female hibernacula 

temperatures were more similar to minimum ambient temperatures 

than were minimum male hibernacula temperatures. 
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Fig. 9. Thermal buffering of male and female desert 

tortoise hibernacula at the San Pedro River Valley study 

site, Pinal County, Arizona, 1992. Bars represent the mean 

differences between surface ambient temperatures (dark 

horizontal line) and hibernaculum temperatures for maximum 

and minimum temperatures. Significance levels for two-tailed 

Mann-Whitney-Wilcoxon two sample tests are shown above or 

below the bars. The sample size for the respective sexes are 

shown above or below the error bars. 
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Given the above information it is apparent that male and 

female tortoises use hibernacula with very different thermal 

properties. Males tend to use deep shelters that are 

protected from ambient conditions. Thus, male hibernacula 

are respectively colder and warmer than maximum and minimum 

ambient temperatures, and temperatures within male 

hibernacula fluctuate only slightly. Female tortoises, on 

the other hand, use relatively shallow hibernacula that 

provide much less thermal buffering. Thus, female 

hibernacula temperatures are more similar to ambient 

conditions than are male hibernacula temperatures, and as a 

result the temperatures within female shelters fluctuate over 

a very wide range. 

Annual testicular cycles of male Hermann's tortoise 

(Testudo hermanni hermanni) are affected by temperature and 

photoperiod (Kuchling, 1982). Relatively constant 

hibernacula temperatures may be important for the maintenance 

of normal testicular cycles in male desert tortoises. 

Mortality due to exposure to low temperatures is a 

common form of winter mortality among many species of 

reptiles (Gregory, 1982). Hibernacula temperatures for 

female tortoises using shallow shelters fluctuate over a 

considerable range. Female desert tortoises may benefit by 

being exposed to direct solar radiation, but they may be 

killed or injured if minimum ambient temperatures drop very 

far below freezing (Lowe, 1990). In fact, "all observed 
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deaths [of tortoises in the Sonoran Desert] due to nocturnal 

winter freezing have been females with part to most of their 

shells exposed...during catastrophic freezes" (Lowe, 1990). 

However, if minimum ambient temperatures remain above lethal 

or injurious levels, female body temperatures may actually 

stay warmer than minimum ambient temperatures. Voigt (1975) 

reported that heating rates were up to 10 times faster than 

cooling rates for wild desert tortoises, due to selection of 

favorable microhabitats and various postural strategies. 

Further, Mackay (1964) and McGinnis and Voigt (1971) 

demonstrated that the shell is an effective insulator that 

acts as a shield against heat loss when the limbs are 

retracted. Thus, a female tortoise with the rear of its 

carapace exposed to direct solar radiation may warm its body 

temperature enough during the day that it could remain above 

overnight minimum ambient temperature. 

Hibernation may be closely tied to aspects of female 

reproductive physiology including sperm storage, energy 

consumption, number and timing of clutches produced, and 

regulation of reproductive cycles for other species of 

reptiles (Gregory, 1982). Similarly, hibernacula selection 

by female desert tortoises may be closely associated with 

reproduction. 

Turner et al. (1986) pointed out that "the source and 

timing of energy used by desert tortoises to support egg 

production remains open." Hibernacula selection may directly 
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impact energy acquisition and use. By selecting shallow 

hibernacula, terminating hibernation early, and foraging 

during periods of abundant annual plant growth female 

tortoises can increase their energy intake for egg 

production. 

Hibernacula selection undoubtedly has an impact on 

overwinter energy consumption rates, as temperature directly 

effects metabolic rates of reptiles (Schmidt-Neilson, 1975). 

Tortoises may choose shelters that allow the most efficient 

use of energy reserves (with respect to reproduction) during 

hibernation. 

Desert tortoises are desert-included habitat generalists 

that evolved under mild subtropical climates and desert 

populations are the most recently derived (Lowe, 1990). Some 

characteristics of hibernation are similar for tortoises in 

the Mojave and Sonoran deserts. Many characteristics of 

Sonoran tortoises can be attributed to their frost-free, 

thornforest legacy (Lowe, 1990). Some characteristics of 

Mojave tortoises may also be linked to this legacy. 

Further, tortoises are very long lived animals and may 

have different hibernation strategies at various ages. They 

are also exposed to the varying environmental conditions 

associated with long periods of time. Environmental 

conditions of spring, summer, fall, and winter change from 

year to year and tortoises may respond differently to varying 

environmental conditions. 
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Additional long term research is needed to fully understand 

physiological aspects of desert tortoise hibernation and to 

determine what drives sexual variation in hibernacula selection. 

Home-Range Size.—Home-range estimates did not differ 

significantly between male and female tortoises at the Picacho 

Mountains or San Pedro study sites (H = 2.463; p > 0.10), and 

there was no population by sex interaction (H = 0.201; p > 

0.50). However, home-range estimates for the San Pedro 

population were significantly smaller than estimates for the 

Picacho Mountains population (H = 5.892; p < 0.025) (Fig. 10). 

Mean corrected male home-range size at the San Pedro site 

was 11.0 +. 4.2 ha (range = 3.9 - 22.2 ha; n = 4), and mean 

corrected female home-range size was 2.6 + 1.2 ha (range = 1.1 

- 6.0 ha; n = 4) (Appendix, Table 6). 

Mean corrected male home-range size at the Picacho 

Mountains site was 25.8 + 8.3 ha (range = 5.6 - 53.6 ha; n = 

5), and mean corrected female home-range size was 15.3 + 5.5 ha 

(range = 3.9 - 48.7 ha; n = 9) (Vaughan, 1984). 

The difference in home-range sizes between the Picacho 

Mountains and San Pedro study sites is likely due to the habitat 

differences between the two sites. The Picacho Mountains are 

small boulder strewn desert mountains with relatively poorly 

developed soils that are surrounded by creosote flats. 

Additionally, Vaughan (1984) reported that "livestock grazing is 

prevalent from level land to relatively steep slopes (45%)" at 

the Picacho Mountains. She also reported that "cattle have 
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River Valley study sites, Pinal County, Arizona. Sample sizes 
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Table 6. Number of observations, shelter sites used, and estimated 

home-range sizes (M.C.P.) for eight adult desert tortoises at the San Pedro 

River Valley study site, Pinal County, Arizona. 1990-2. 

Tortoise 

No. Sex 

MCL 

(mm) 

Date of first 

capture 

No. 

observations 

No. 

shelters used 

Measured 

home range 

(ha) 

Corrected 

home range 

(ha) 

80 M 221 09/04/90 81 16 18.1 21.1 

81 M 209 09/08/90 80 19 10.1 12.4 

88 M 215 09/08/90 78 14 3.1 3.9 

91 M 221 09/21/90 84 23 4.6 5.5 

83 F 225 09/08/90 79 21 1.8 2.2 

89 F 221 09/08/90 80 21 0.9 1.1 

90 F 214 09/16/90 79 20 1.0 1.2 

102 F 241 07/25/91 41 13 3.9 6.0 

o\ 
o 
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eliminated perennial forage on flatter terrain" and "...the lack 

of ground cover has resulted in sheet erosion and virtual 

elimination of topsoil". 

In contrast to the Picacho Mountains, the San Pedro site 

has relatively well developed soils, no large boulders, and 

tortoises habitat in the valley is continuous for many miles. 

Because the San Pedro site is in an area that is ecotonal 

between the Arizona Upland subdivision of the Sonoran Desert 

and semidesert grassland, vegetative ground cover is denser 

than at the Picacho Mountains. Additionally, cattle grazing 

is light at the San Pedro site and badly eroded areas are 

restricted to mine quarries. 

Because of the relatively dense vegetation and friable 

soils at the San Pedro site, tortoises here require less area 

than tortoises at the Picacho Mountains site to obtain the 

food and shelter necessary for survival and reproduction. 

Similar to several other home-range studies of desert 

tortoises, there is considerable variation in estimated home-

range size among individuals at the San Pedro site. Vaughan 

(1984) suggested that this variation may be attributed to 

sample size bias associated with finding different 

individuals different numbers of times. All but one of the 

tortoises at the San Pedro site were found a similar number 

of times and there was still considerable variation in home-

range size (Table 6). Thus, it appears that number of 
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locations has little to do with the variation in estimated 

home-range sizes among individuals at the San Pedro site. 

Vaughan (1984) also suggested that the variation in 

home-range size may be due to local habitat differences among 

individuals. This explanation also seems unlikely. Some 

individuals whose home ranges were in the same general 

geographic location had similar home-range sizes (see Fig. 3a 

and 5a), but other individuals with overlapping home ranges 

had widely different home-range sizes (see Fig. la, 7a, and 

8a; Fig. 2a and 3a). Likewise, some individuals that were in 

different portions of the study site had quite different 

home-range sizes (see Fig. la and 3a), but others had similar 

home-range sizes (see Fig. 5a, 6a, and 7a). Thus, it appears 

that some other factor(s) may be the cause of the variation 

in home-range size among individuals at the San Pedro site. 

Detailed studies of the social and reproductive behavior of 

desert tortoises may reveal some of the sources of variation. 

Gravid females may restrict their movements for nest defense 

purposes (Barrett and Humphrey, 1986), and some males may 

move long distances in search of mates. 

Shelter Use Within Home Ranges.—There was considerable 

overlap of estimated home ranges at the San Pedro site (Fig. 

la - 8a). In fact, many different tortoises were found to 

use the same shelters. Most shelters were used exclusively 

by a single tortoise, but several shelters were used 

separately by two to three different tortoises (with and 
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without radio transmitters), and some shelters were occupied 

by more than one tortoise at the same time. 

Two males were found together in shelters on five 

different occasions during active periods, and two males 

hibernated in the same shelter in 1992 (Table 2). Males were 

found using shelters that other males had been found in on 

several occasions. Male-female pairs were found in the same 

shelters on eight different occasions. 

In contrast to male tortoises, I never found females 

together in the same shelter, and no females were ever found 

in shelters where other females had been found. Burge (1977) 

reported that males were commonly found using shelters 

simultaneously but females were never found together. This 

is consistent with the results of my study. 

Similar to findings by Burge (1977), and Vaughan (1984), 

tortoises at the San Pedro site consistently returned to 

previously used shelter sites. Individuals often returned to 

the same areas and occupied shelter sites that they had used 

at the same time the previous year. A study of microhabitat 

differences between shelter sites may provide insights into 

habitat and shelter selection as it varies with season. 
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MANAGEMENT RECOMMENDATIONS 

Tortoises at the San Pedro site were often found using 

shelters in diatomite deposits. However, as noted 

previously, most locations were on steep slopes with some 

degree of southern exposure. Northerly slopes were also used 

but tortoises were found on these slopes much less 

frequently. Thus, it seems likely that mining conducted on 

northerly slopes would impact tortoises considerably less 

than mining on southerly slopes. 

Areas that are no longer being used for mining 

operations and completed tailings piles should be reclaimed, 

a practice which is not being followed at the Whitecliffs 

mine. Many of the disturbed areas at the mine are infested 

with Russian thistle (Salsola kali), and salt cedar (Tamarix 

ramosissima}. These plants are nuisance species responsible 

for considerable environmental degradation (Parker, 1958). 

Reclaiming disturbed sites (reseeding with native seed stock 

and other procedures) may allow desirable plants to replace 

invasive alien species in areas that are now infested with 

these weeds. 

Tortoises have been found trapped in abandoned mining 

pits in other parts of Arizona (Shields et al., 1990). This 

may be avoided by filling any steep walled holes and by 

building exit ramps in large steep walled quarries associated 

with the mining operation. 
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Disturbances at the Whitecliffs mine are small, making 

reclamation projects relatively inexpensive and quick to 

complete. With careful planning and minor modifications of 

current mining procedures, the impact to tortoises and other 

wildlife may be greatly reduced. 
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CONCLUSIONS 

Considerable sexual variation in hibernacula use was 

noted for desert tortoises at the San Pedro River Valley, 

Arizona study site. Some similar sexual variation appears to 

be common for other Sonoran and Mojave desert tortoise 

populations. 

Both sexes predominantly used hibernacula on steep 

slopes with some degree of southern exposure during both 

winters of the study. Similar slopes and aspects were used 

during active periods. 

Male and female tortoises hibernated in burrows and 

pallets in silt, silt with loose gravel, diatomite and/or 

diatomaceous marl, and beneath an ash layer. These shelter 

types were often used in conjunction with live vegetation, 

dead and downed vegetation, and packrat nests. Terrace 

gravel dens used during active periods were abandoned prior 

to winter. Male tortoises occupied significantly longer 

hibernacula than females. 

Maximum and minimum female hibernacula temperatures were 

consistently warmer and colder respectively, than male 

hibernacula temperatures during both years of the study 

Temperatures in female shelters fluctuated over a 

significantly wider range than male shelters. Male 

hibernacula have considerably greater thermal buffering 

properties than female hibernacula. 
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Duration of hibernation was positively correlated with 

shelter length. Duration of hibernation did not differ 

between males and females. Female tortoises tended to 

terminate hibernation earlier than males and were actively 

moving and foraging before any males emerged during both 

years. No tortoise used the same hibernaculum during both 

winters. 

Although mean female home-range size was smaller than mean 

male home-range size at both the Picacho Mountains and San 

Pedro Valley study sites, the difference was not significant at 

either site. Estimated home ranges for tortoises at the San 

Pedro site were significantly smaller than those estimated for 

tortoises at the Picacho Mountains study site. Variation in 

home range size does not appear to be attributed to local 

habitat differences among individuals, or to differences in 

number of observations. 
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APPENDIX 

HOME RANGE POLYGONS FOR DESERT TORTOISES AT THE 

SAN PEDRO RIVER VALLEY STUDY SITE OVERLAID 

ON ONE SQUARE MILE SECTIONS OF A 7.5 MINUTE TOPOGRAPHIC MAP 
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MALE 80 
Measured Home Range Estimate (M.C.P.) = 18.1 hectares 
Corrected Home Range Estimate (M.C.P.) = 21.1 hectares 
Number of Relocations (9/1990 - 3/1992) = 81 
Number of Different Shelters Used = 16 
* = Hibernaculum • = Location Marker 
M = 1990-91 Hibernaculum h = 1991-92 Hibernaculum 

Fig la. Estimated home range polygon for male tortoise 

#80 overlaid on a one square mile section of a 7.5 minute 

topographic map. Contour interval = 40 feet (12.3 m). Grid 

cells are 160 m per side. 
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MALE 81 
Measured Home Range Estimate (M.C.P.) = 10.1 hectares 
Corrected Home Range Estimate (M.C.P.) = 12.5 hectares 
Number of Relocations (9/1990 - 3/1992) = 80 
Number of Different Shelters Used = 19 
« = Hibernaculum • = Location Marker 
1 = 1990-91 Hibernaculum h = 1991-92 Hibernaculum 

Fig 2a. Estimated home range polygon for male tortoise 

#81 overlaid on a one square mile section of a 7.5 minute 

topographic map. Contour interval = 40 feet (12.3 m). Grid 

cells are 160 m per side. 
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MALE 88 
Measured Home Range Estimate (M.C.P.) =3.1 hectares 
Corrected Home Range Estimate (M.C.P.) = 3.9 hectares 
Number of Relocations (9/1990 - 3/1992) = 78 
Number of Different Shelters Used = 14 
* = Hibernaculum • = Location Marker 
1 = 1990-91 Hibernaculum h = 1991-92 Hibernaculum 

Fig 3a. Estimated home range polygon for male tortoise 

#88 overlaid on a one square mile section of a 7.5 minute 

topographic map. Contour interval = 40 feet (12.3 m). Grid 

cells are 160 m per side. 
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<160 m»| 

MALE 91 
Measured Home Range Estimate (M.C.P.) = 4.6 hectares 
Corrected Home Range Estimate (M.C.P.) = 5.5 hectares 
Number of Relocations (9/1990 - 3/1992) = 84 
Number of Different Shelters Used = 23 
* = Hibernaculum • = Location Marker 
H = 1990-91 Hibernaculum h = 1991-92 Hibernaculum 

Fig 4a. Estimated home range polygon for male tortoise 

#91 overlaid on a one square mile section of a 7.5 minute 

topographic map. Contour interval = 40 feet (12.3 m). Grid 

cells are 160 m per side. 
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FEMALE 83 

Measured Home Range Estimate (M.C.P.) - 1.8 hectares 
Corrected Home Range Estimate (M.C.P.) = 2.2 hectares 
Number of Relocations (9/1990 - 3/1992) =79 
Number of Different Shelters Used =21 
* = Hibernaculum • = Location Marker 
M = 1990-91 Hibernaculum h = 1991-92 Hibernaculum 

Fig 5a. Estimated home range polygon for female 

tortoise #83 overlaid on a one square mile section of a 7.5 

minute topographic map. Contour interval = 40 feet (12.3 m). 

Grid cells are 160 m per side. 
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Artesian 

. Irtesi in Well 

FEMALE 89 

Measured Home Range Estimate (M.C.P.) = 0.9 hectares 
Corrected Home Range Estimate (M.C.P.) =1.1 hectares 
Number of Relocations (9/1990 - 3/1992) = 80 
Number of Different Shelters Used = 21 
» = Hibernaculum • = Location Marker 
H = 1990-91 Hibernaculum h = 1991-92 Hibernaculum 

Fig 6a. Estimated home range polygon for female 

tortoise #89 overlaid on a one square mile section of a 7.5 

minute topographic map. Contour interval = 40 feet (12.3 m). 

Grid cells are 160 m per side. 
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FEMALE 90 
Measured Home Range Estimate (M.C.P.) = 1.0 hectares 
Corrected Home Range Estimate (M.C.P.) = 1.2 hectares 
Number of Relocations (9/1990 - 3/1992) = 79 
Number of Different Shelters Used = 20 
* = Hibernaculum • = Location Marker 
H = 1990-91 Hibernaculum h = 1991-92 Hibernaculum 

Fig 7a. Estimated home range polygon for female 

tortoise #90 overlaid on a one square mile section of a 7.5 

minute topographic map. Contour interval = 40 feet (12.3 m). 

Grid cells are 160 m per side. 
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FEMALE 102 
Measured Home Range Estimate (M.C.P.) = 3.9 hectares 
Corrected Home Range Estimate (M.C.P.) = 6.0 hectares 
Number of Relocations (7/1991 - 4/1992) = 41 
Number of Different Shelters Used = 13 
« = Hibernaculum • = Location Marker 
IPI = 1990-91 Hibernaculum h = 1991-92 Hibernaculum 

Fig 8a. Estimated home range polygon for female 

tortoise #102 overlaid on a one square mile section of a 7.5 

minute topographic map. Contour interval = 40 feet (12.3 m). 

Grid cells are 160 m per side. 
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