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ABSTRACT 

Desert tortoises (Gopherus agasstii) occurring east and south of the Colorado River 

form the "Sonoran population," a regulatory designation of the U.S. Fish and Wildlife 

Service, whereas tortoises west and north of the river constitute the "Mojave population." 

This distinction is based on significant genetic, morphometric and ecological differences. 

However, mitochondrial DNA, morphometric, and ecological data from the eastern 

bajada of the Black Mountains (about 40 km east of the Colorado River) identify the 

evolutionary affinities of those tortoises as Mojavean: ten of eleven Black Mountain 

tortoises possessed the Mojave genotype, twenty-four of thirty-seven tortoises 

predominately expressed the Mojave phenotype, and all tortoises were similar to Mojave 

populations in macrohabitat selection. Some ecological and behavioral attributes such as 

home range size and hibernaculum selection did not differ among Mojave, Sonoran, and 

Black Mountain tortoises. Several hypotheses on how the Mojave trait became 

established in the Black Mountains are discussed. 
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INTRODUCTION 

The desert tortoise, Gopherus agassizii, occurs throughout southern Nevada, extreme 

southwestern Utah, southeastern California, western and south central Arizona, and south 

through Sonora into northern Sinaloa, Mexico (Germano et al. 1994, Johnson et al. 

1990). Although it is currently considered a single species, genetic and morphological 

studies (Jennings 1985, Lamb et al. 1989), along with ecological observations (Barrett 

1990, Woodbury and Hardy 1948) and geographic distribution (Germano et al. 1994), 

qualify two populations within the United States, the Sonoran and the Mojave (Mohave), 

as well defined units for management (sensu Vogler and Desalle 1994). The Mojave 

population occurs north and west of the Colorado River and is federally listed as 

threatened under the Endangered Species Act of 1973 (USFWS 1990). The Sonoran 

population, occurring south and east of the river, is federally listed as a Category 2 

species, that is, documented future declines of the species may warrant future listing 

(USFWS 1990). 

The Colorado River is considered an effective dispersal barrier separating the 

Mojave and Sonoran populations (Lamb et al. 1989). Analysis of mitochondrial DNA 

(mtDNA) and proteins have identified the Mojave and Sonoran populations as distinct 

genetic assemblages (Glenn 1990, Jennings 1985, Lamb et al. 1989). Restriction site 

analysis of mtDNA identified two major assemblages within the United States; a third 

assemblage occurs in southern Sonora, Mexico and will not be discussed further (Lamb 

et al. 1989). The Mojave assemblage contains three closely related haplotypes occurring 
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(1) throughout southern California and extending into southern Nevada along the Piute 

Valley; (2) Ivanpah Valley, California, eastward through Nevada, southern Utah, and the 

Arizona Strip; and (3) the extreme northeast portion of the Mojave Desert (Lamb et al. 

1989). The Sonoran assemblage is represented by a single haplotype, occurring from 

west central and southern Arizona to central Sonora, Mexico (Lamb et al. 1989). 

Isozome electrophoresis of blood, liver, heart, and kidney proteins showed similar 

results; proteins from Mojave tortoises were polymorphic with minimal genetic 

differentiation between genotypes (Rainboth et al. 1989), while Sonoran proteins were 

monomorphic and distinct from Mojave (Glenn et al. 1990, Jennings 1985). 

Morphometric findings concurred with genetic data; in all studies some 

differentiation between Sonoran and Mojave assemblages was observed. Germano 

(1993) found Mojave tortoises were wider and higher domed, with longer gulars and 

length of projection of the anal scutes when compared with Sonoran tortoises. Jennings 

(1985) similarly found Mojave tortoises with greater domes, greater width with respect to 

carapace length, longer gulars, and greater anal notch depth and width. Weinstein and 

Berry (1987) observed three phenotypes: 1) the boxlike, high-domed California type; 2) 

the short plastron, low-domed Beaver Dam Slope type; and 3) the pear-shaped, low-

domed Sonoran Desert type. 

Sonoran and Mojave desert tortoises select distinctively different habitats. Sonoran 

tortoises generally inhabit rocky, boulder-strewn slopes in hills and mountains within the 

paloverde mixed-cacti scrub habitat of the Sonoran desertscrub biome (Barrett 1990, 
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Germano et al. 1994, Woodman and Shields 1988, Wirt 1988). They are found 

occasionally in xeroriparian washes and are rare in flatter terrain. In contrast, Mojave 

tortoises occur primarily in Mojave desertscrub habitats dominated by creosotebush and 

white bursage on mountain bajadas and valley basins and are rare on steep slopes and 

rocky hillsides (Burge 1977, Germano et al. 1994, Luckenbach 1982). Mojave tortoises 

generally burrow in friable soils with few rocks and boulders. Tortoises on the Beaver 

Dam Slope are found in Joshua tree-creosotebush dominated valleys and outwash fans in 

deep washes and gravely banks (Woodbury and Hardy 1948). In the Mojave desert the 

majority of precipitation, overall less than in the Sonoran Desert, falls in fall and winter, 

with summer thunderstorms delivering a significantly smaller and variable percentage. 

The tortoise population in the Black Mountains, Mohave County, Arizona, is defined 

within the Sonoran population (USFWS 1990). However, most tortoises in this 

population exhibit ecological similarities to Mojave tortoises (Kiva 1990; Kiva 1993). 

Tortoises on the western and eastern bajadas were found in habitat more typical of 

Mojave tortoises than of Sonoran tortoises, inhabiting creosotebush-dominated bajada 

slopes dissected by washes (Kiva 1990; Kiva 1993). Preliminary genetic work identified 

a possible Mojave lineage in the Black Mountains (Glenn 1990). Morphometric 

attributes of the Black Mountain population have not yet been reported. 

Preliminary genetic and ecological data on Black Mountain tortoises alerted land 

managers to the potential uniqueness of this population. Continued impacts to tortoises 

and their habitat from increasing human encroachment throughout the Black Mountains, 
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the impacts of Upper Respiratory Tract Disease in Mojave populations, and, most 

importantly, the possibility that the Black Mountain population could be related to 

Mojave tortoises across the river, prompted a detailed study of this population. 

Primary objectives were to determine genetic, morphological and ecological 

affinities of Black Mountain tortoises relative to known Mojave and Sonoran 

populations. MtDNA was employed to determine genetic affinities. Vertebrate mtDNA 

is considered an ideal marker for tracing genealogies because of its simple sequence 

organization, maternal inheritance and absence of recombination effects. In addition, the 

molecule's rapid evolutionary rate (5-10 times the rate observed for single-copy nuclear 

DNA) can reveal subtle differences at the population level (Harrison 1989). 

Complementing the genetic analysis, multivariate morphometric analysis focused on 

allometry-free shape differences between Mojave and Sonoran populations; Black 

Mountain tortoises were viewed within the boundaries of these reference groups. The 

ecological aspects of this study included macrohabitat use, sheltersite and hibernaculum 

characteristics, activity patterns, and home range sizes. Since Black Mountain tortoises 

are within the defined boundaries of the Sonoran population, the null hypothesis is that 

these tortoises are Sonoran, and as such, should exhibit Sonoran genetic, morphometric 

and ecological attributes. 
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STUDY AREA 

The Black Mountains lie within the Basin and Range province, that is, north and 

south-aligned mountain ranges separated by wide, flat, debris-filled valleys. Peripheral 

to the steep Black Mountain slopes are the eastern and western bajadas, coalescing 

alluvial fans approximately 600 to 900 meters in elevation. Coarse textured soil with a 

moderate to moderately rapid permeability rate is found throughout (USDI BLM 1978) 

The study area is approximately 40 km east of the Colorado River, on the eastern 

bajada of the Black Mountains, Mohave County, Arizona (Fig. 1). The area is 

characterized by an annual rainfall of approximately 17 cm per year, slightly more than 

half of which falls during winter (Sellers and Hill 1974). The study plot is divided by 

three major west to southeast dry, ephemeral washes, Meadow Creek and two unnamed 

washes designated Caliche Minor and Caliche Major. All washes run into Sacramento 

Wash, a major north-south drainage which eventually runs into the Colorado River. In 

addition numerous minor drainages are found throughout the study area. They are 

loosely defined except for their strong association with catclaw acacia (Acacia greggii). 

All of the major washes contain varying degrees of steep banks with well developed 

caliche soils. Basalt boulders are densely distributed throughout the creosotebush flats 

and ephemeral washes. 

Upland vegetation is within the Mojave desertscrub biome and dominated by 

creosotebush (Larrea tridentata), white bursage (Ambrosia dumosa) and Mohave yucca 

(Yucca shidigera) (Turner 1982). A sparse understory of subdominant half-shrubs, cacti, 
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grasses and annuals occur in this community including desert mallow (Sphaeralcea 

ambigua), white ratany (Krameria grayi), desert Christmas cactus (Opuntia leplocaulis), 

ocotillo (Fouquieria splendens) and mountain joint-fir (Ephedra viridis). Grasses include 

three-awn (Aristida sp.), and bush muhly (Muhlenbergia porteri). Washes contain a 

majority of the species found in the flats in addition to a variety of subdominant species 

including catclaw (Acacia greggii), big galleta (Hilaria rigida), cheesebush (Hvmenoclea 

salsola), wild buckwheat (Eriogonumfasciculalum), paper bag bush (Salazarta 

mexicana), and desert willow (Chilopsis linearis). Common annuals throughout both 

washes and uplands include the introduced red brome (Bromus rubens), and filaree 

(Erodium cicutarium), Plantago sp., and Lotus sp. A complete list of perennials observed 

within the study area is found in Appendix A. 
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MATERIALS AND METHODS 

GENETICS 

Sampling Procedure. ~ Radioed tortoises from the Black Mountain study area were 

captured and transported to the Bureau of Land Management office, Kingman, Arizona, 

for blood sampling. Mark Trueblood, D.V.M., drew one ml of blood per tortoise by 

jugular venipuncture using a 22-gauge x 3/4" needle with a diabetic syringe rinsed with 

0.2 M EDTA. Samples were immediately stabilized in approximately 10 ml of lysis 

buffer (100 mM Tris-HCI, 100 raM EDTA, 10 mM NACL, 1 % SDS), frozen on dry ice 

and shipped to Trip Lamb, East Carolina University, Greenville, North Carolina, for 

genetic analysis. Tortoises were rehydrated at the axillary notch with 2% body weight of 

equal parts Normosol and 2.5% dextrose in 0.45% sodium chloride to replace fluids lost 

during handling. Tortoises were returned seven to twelve hours after capture to the 

location where they were found. 

Processing and Analysis. — Blood samples from tortoises in the Black Mountain 

study area were compared to samples collected from Mojave (Littlefield, Arizona, and 

Las Vegas Valley, Nevada) and Sonoran (Little Shipp Wash and Harcuvar Mountains, 

Arizona) tortoise study areas. Samples from Arizona tortoise populations were obtained 

through a physiology study of Mojave and Sonoran tortoises led by Vanessa Dickinson, 

Arizona Game and Fish Department. Sampling procedures were identical to methods 

followed at the Black Mountain study area. Samples from Las Vegas Valley, Nevada, 

were donated by David Rostal, Georgia Southern University, Statesboro, Georgia. 
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Genetic Overview. — The following is an overview of the genetic procedure, 

performed in Dr. Trip Lamb's lab at East Carolina University, Greenville, North 

Carolina. Refer to Appendix B for details of materials and methods on sequencing 

procurement, alignment, and analysis, DNA isolation, mtDNA amplification and 

restriction assay. 

Genomic DNA was extracted from buffered blood samples using a standard phenol-

choloroform procedure (Hillis and Moritz 1990) or the IsoQuick nucleic acid extraction 

kit (Microprobe Corp., Garden Grove, CA). The polymerase chain reaction (PCR) was 

used to amplify the entire mitochondrial cytochrome b gene and approximately half of 

the adjacent control region. These selected segments undergo moderate (cytochrome b 

gene) and rapid (control region) evolutionary rates, allowing discrimination of 

genetically distinct populations (Harrison 1989, Wostenholme 1992). 

Amplified mtDNA segments were cut or "digested" using two diagnostic restriction 

enzymes (Apal, Nhel) with tetranucleotide recognition sites. These restriction enzymes 

were identified using the DNAS1S computer search which, using previously sequenced 

portions of the cytochrome b gene and the control region (D-loop), identified restriction 

enzymes that would produce diagnostic patterns distinguishing Mojave versus Sonoran 

samples. Digestion fragments were sorted by size electrophoretically, stained with 

ethidium bromide, and compared to a 1 kilobase molecular weight standard (Bethesda 

Research Labs). Since digestion profiles produced a distinctive banding pattern for 
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Mojave and Sonoran tortoises, each individual could be genetically typed as possessing 

either a Sonoran or Mojave mtDNA haplotype. 

MORPHOMETRICS 

General Procedure. — All tortoises encountered in the Black Mountain study area, 

whether telemetered or not, were included in the morphometric analysis. Sonoran and 

Mojave reference groups used in the genetic analysis were also used in the morphometric 

analysis. Tortoises measured from Las Vegas Valley, Nevada, were recently captured 

tortoises placed in the Desert Tortoise Conservation Center, Las Vegas, Nevada. Several 

trips to the Museum of Vertebrate Zoology, Berkeley, California, were made to collect 

data on carcasses. However, these datasets were not included in the analysis since I 

defined my data set a posteriori to include only live tortoises and tortoises without 

anomalies (marginal and costal counts other then 11/11 and 4/4 respectively) to minimize 

variances. 

I measured each tortoise three times and used the mean value in the comparative 

analysis. The majority of measurements were measured to the nearest tenth of a 

millimeter (mm) with dial calipers. Circumference and dome measurements were 

measured to the nearest mm with nylon string. Height was measured to the nearest mm 

using tree calipers. 

Measurements. -Twenty-one landmark-based carapace and plastron measurements 

were taken per tortoise. In addition, three pairs of box truss measurements (continuous 
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quadrilaterals having both internal diagonals) were measured per tortoise (Bookstein et 

al. 1985). Use of this pattern allowed detection of systematic shape differences in oblique 

as well as horizontal and vertical directions. The following list describes each measurable 

character used in the morphometric analysis. Epidermal plate terminology follows Carr 

(1952). 

Boundaries: Carapace boundary, measured at the horizontal curved distance of the 

most lateral portion of the carapace (CB); Plastron boundary, measured at the horizontal 

curved distance of the most lateral portion of the plastron (PB); and anal scute boundary, 

measured along the curved circumference of the anal scute (AB). Plastron and carapace 

measurements follow McCord et al. (1990). 

Carapace length: Measured from the nuchal to the posterior-most point of the 

carapace, with the main axis lying in the mid-sagittal plane (MCL; Berry 1984, Iverson 

1977). 

Carapace width: Measured along the width at the juncture of the third and forth 

marginals (CW3), the juncture of the forth and fifth marginals (CW4), and the juncture of 

the seventh and eight marginals (CW7; Berry 1984). 

Carapace height: Measured from the plastron to midline on the second vertebral 

(H2), midline on third vertebral (H3), and midline on fourth vertebral (H4). 

Carapace dome: Length over the carapace measured from the nuchal to the 

posteriormost point of the carapace, with the main axis lying in the mid-sagittal plane 

(CD1), measured through the midline of the third vertebral scute from the most lateral 
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points of the carapace on each side (CD3), measured through the juncture of the fourth 

and fifth marginal scutes from the most lateral points of the carapace on each side (CD4), 

measured through the juncture of the seventh and eighth marginal scutes from the most 

lateral points of the carapace on each side (CD7; McCord et al. 1990). 

Carapace truss measurements: Straight line diagonals of the carapace measured at 

the juncture of the third and fourth left marginal to the juncture of the forth and fifth right 

marginal (CTIL) and the juncture of the third and fourth right marginal to the juncture of 

the fourth and fifth left marginals (CT1R). Straight line diagonals of the carapace 

measured at the juncture of the fourth and fifth left marginal to the juncture of the 

seventh and eighth right marginal (CT2L), the juncture of the forth and fifth right 

marginal to the juncture of the seventh and eighth left marginals (CT2R; Bookstein 

1985). 

Plastron length: Measured along the midline from the most anterior extension of the 

gular to the most posterior extension of the anal scute on the right side only (PLT) and 

from the gular notch to the anal scute notch (PLN). Measurements follow Iverson (1977) 

and Berry (1984). 

Interplastral seam lengths: Measured along the lengths of the interhumeral (IH), 

interpectoral (IP), interabdominal (IAB), interfemoral (IF), and interanal (IAN) on the 

right side only (Iverson 1977). 
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Plastron bridge length: Straight line distance measured from the extreme uppermost 

corner of the pectoral scute to the lowermost corner of the abdominal scute on the left 

side (LPL) and the right side (RPL). 

Plastron bridge width: Straight line distance measured from the top outermost 

corners of the pectoral scutes (BW1) and from the bottom outermost corners of the 

abdominal scutes (BW2). 

Plastron truss measurements: Straight line distance measured from the top outermost 

corner of the left pectoral scute to the bottom outermost corner of the right abdominal 

scute (PTL) and from the top outermost corner of the right pectoral scute to the bottom 

outermost corner of the left abdominal scute (PTR; Bookstein 1985). 

ECOLOGY 

General Procedure. — I located tortoises by extensive, repetitive visual searches 

around localities of potential shelters, tortoise scat, and tracks. All tortoises encountered 

in the study area were weighed with Pesola spring scales (Forestry Suppliers Inc., 

Jackson, Mississippi), sexed when possible, and measured (see preceding Morphometric 

section for details). Each tortoise was assigned a unique number by filing the marginal 

scutes according to a coded system (Berry 1984). In addition, this number was recorded 

on white correction fluid at the fourth right costal scute and covered with epoxy. Shell 

anomalies, injuries, health observations and behaviors were noted for each tortoise. 

Palpation was used to determine evidence of reproduction. However, no attempt was 
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made to physically remove a tortoise from a shelter for palpation. Since reproductive data 

was not the emphasis of this study, I thought that additional stress on the tortoise might 

alter other natural behaviors (i.e., movements, shelter selection, etc.). 

I fitted adult tortoises with radiotransmitters (Telonics Model 125, Mesa, Arizona), 

affixed above the left forelimb with five minute gel epoxy. Transmitters were attached 

below the highest point of the carapace to reduce interference in shelters. Antennas were 

encased in plastic electric tubing which was attached to the anterior marginal scutes. 

Masking tape was placed directly on scute seams. To avoid epoxy soaking into scute 

seams, masking tape was placed onto seams prior to the use of epoxy. 

I located tortoises one to four times weekly during the active season (March to 

October) and bimonthly during winter (November to February). Tortoises were relocated 

using Telonics directional antenna and receiver (Model TR-7). A Trimble global 

positioning system (GPS; Pathfinder Professional, Sunnyvale, California) was used to 

obtain UTM coordinates of tortoise locations, sheltersites, egg shell fragments and shell 

remains. The GPS unit was corrected by use of a base station at Prescott National Forest, 

Arizona. This allowed GPS coordinates to be accurate within 1-3 meters. I 

photographed the carapace and plastron of all tortoises, egg shell fragments, and shell 

remains. When shell remains were deteriorated I estimated the median carapace length. 

I noted condition and measured median carapace length of shell remains when possible. 

For each tortoise location, I noted topography (wash or creosotebush flats), 

vegetation association, and behavior. If the tortoise was located by or in a shelter, I noted 
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type, depth, aspect and percent slope of the shelter. Shelter types were divided into three 

categories: (1) cave, cavity in caliche banks of ephemeral washes; (2) soil burrow, 

subsurface cavity greater than the MCL of the tortoise; and (3) pallet, depressions under 

rocks or vegetation, equal to or less then the MCL of the tortoise. Shelter depth was 

determined by using a metric ruler extended from the rear of the shelter to the opening. I 

measured aspect in degrees with a field compass (Forestry Suppliers, Inc., Jackson, 

Mississippi), and percent slope with an Abney level (Forestry Suppliers, Inc., Jackson, 

Mississippi). 

I placed twigs erect at the entrance of each shelter to monitor tortoise movements in 

and out of shelters. However, since tortoises commonly cohabited shelters it was difficult 

to determine whether the resident or visiting tortoise knocked the sticks down. 

Therefore, a tortoise was considered active only if it had physically moved from its 

previous location. Although this conservative definition may have overlooked small, 

local movements of a tortoise, it was adopted to avoid overestimation of tortoise activity. 

Precipitation, Ambient Temperatures and Perennial Vegetation. — Maximum and 

minimum ambient temperatures in addition to precipitation were recorded at the Black 

Mountain study site. Calibrated maximum-minimum recording thermometers (Forestry 

Suppliers, Inc., Jackson, Mississippi) were placed 1.5 meters above the ground in 

perennial vegetation (Yucca shidigera). Rainfall was recorded with a weather rain gauge 

(Forestry Suppliers, Inc.). Weather data obtained from Kiva (1993) in the Eastern Bajada 

study plot, adjacent to my study area, was used from August to October 1993. 
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I used the line-intercept method to sample perennial vegetation within the Black 

Mountain study area, Mohave County, Arizona (Bonham 1989). Six 100-meter transects 

were placed in representative locations throughout the Black Mountain study area (Gauch 

1982). Transects were located in the following locations: three within the creosotebush-

white bursage flats and three in each of the major washes that intersected the study area, 

Meadow Creek, Caliche Grande and Caliche Minor. 

For each transect 1 recorded the following data: 1) list of perennial species that 

intercepted the line transect and 2) amount of transect covered by perennials and 

boulders, recorded to the nearest millimeter. Boulder and individual plant species were 

summed separately and divided by the transect length (100m) to obtain total cover 

values. Bare ground was indirectly measured after subtracting perennial and boulder 

cover totals. Relative cover was calculated by dividing the total cover for individual 

species by the total perennial cover. Boulders were defined as rocks greater than 0.8 

centimeters in diameter. Species names are listed according to Lehr (1978). 

Nasal Flushes. — To recover bacteria from the upper respiratory tract of each tortoise 

the nasal fossa was flushed with 0.25 ml of 0.9% sodium chloride (Abbott Laboratories, 

Chicago, IL). Saline aspirates from each nasal fossa were placed in vials containing 1.0 

ml of tryptic soy broth (MicroBio, Tempe, AZ). Samples were packaged in dry ice and 

sent to the University of Arizona Veterinary Diagnostic Laboratory, Tucson, Arizona, for 

Mycoplasma sp. culture isolation attempts. 
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Hibernacula Data. ~ I placed two calibrated maximum-minimum recording 

thermometers at each hibemaculum, one inside, the second outside and within one meter 

of the entrance. The second thermometer was painted white to more closely match soil 

albedos. Eight of thirteen tortoises were not visible from their hibemaculum entrance. 

For these tortoises I used snake tongs to place the thermometer as far back from the 

opening as possible. One thermometer was attached to a two meter aluminum curtain rod 

(True Value, Kingman, AZ) and placed into a deep caliche cave. Thermometers were 

checked and reset bimonthly from mid-November 1993 to mid-March through April, 

1994. I defined hibemaculum temperature range as the difference between the maximum 

and minimum hibemaculum temperatures; shelter site thermal buffering was defined as 

the difference between the ambient surface temperature and shelter temperature at a 

hibemaculum. 

I defined hibernation depth as the distance from the shelter entrance to the nearest 

point of the tortoise. To determine hibernation depth for tortoises that were not visible 

from the entrance two fiberoptic scopes (Flexible Fiberscope Models IF8D4 and IF8D15, 

Long Beach, California) were employed, one three meters in length, the other six meters. 

These scopes were used to determine the depth of the deep caliche caves and the number 

of tortoises hibernating within each. Even with the use of the two scopes, hibemaculum 

depths for four of the thirteen telemetered tortoises had to be estimated. Two of the 

tortoises were visible from the entrance but the fiberoptic scope could not reach the 

tortoise, either because there was a rock preventing further progress, or because the 
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distance was too great. For the remaining tortoises that were not visible, I estimated the 

hibernation depth by measuring the distance from the entrance to a location above the 

cave with the strongest telemetric signal. Conservative measurements were used for these 

tortoises. 

As in Bailey et al. (1995), onset of hibernation was determined a posteriori, as the 

first date in the fall after which a tortoise did not emerge from a shelter for at least two 

weeks; end of hibernation was defined as the first date of movement out of the 

hibernaculum in the spring. Sticks were placed at the entrances of hibernacula to 

monitor movements. Since several male tortoises hibernated in groups of up to three, it 

was often difficult to determine onset or end of hibernation for some radioed tortoises. 

Conservative estimates were used when in doubt. 

STATISTICAL PROCEDURES 

General Procedure. — The significance level was set at a = 0.05 for all tests except 

where otherwise indicated. Means are presented in the format ± one standard error. The 

null hypothesis is tested using both genetic and morphometric data. It is defined as 

follows. 

Ho= The Black Mountain population has Sonoran genetic and phenetic attributes. 

Genetics. -The nonparametric Chi-square goodness-of-fit test with the Yates 

correction for continuity was used to test the null hypothesis (Zar 1974). 
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Morphometries. — All measurements were transformed to logarithms to preserve 

allometries, standardize variances, and to produce a scale invariant covariance matrix 

(Bookstein 1985, Jolicoeur 1963). Several statistical procedures were performed using 

the Statistical Analysis System (SAS Institute Inc. 1989). The first step in the analysis 

was to remove the effect of size variation within groups by regressing each character 

separately on the first pooled within-group principal component, an estimate of general 

size, following Reis et al. (1990). Canonical discriminant analysis produced linear 

combinations of the variables that summarized the variability existing among Sonoran, 

Mojave and Black Mountain populations. Canonical coefficients were then transformed 

into correlation vectors, calculated from the correlation between individual scores for the 

canonical variables and the values of the characters for each individual (Strauss 1985, 

Reis et al. 1990). As discussed in Reis et al. (1990), the importance of each character for 

discriminating among populations may be better evaluated using correlation vectors since 

eigenvector coefficients are difficult to interpret in biological terms if two characters are 

correlated. Significant levels for the multiple correlation tests were set at 0.01 and 0.025. 

After classificatory discriminant analysis computed a discriminant function 

classifying Sonoran and Mojave observations (SAS 1989), individual Black Mountain 

tortoises were assigned to one of the two groups. The chi-square goodness of fit test with 

the Yates correction for continuity was used to test the classified Black Mountain 

tortoises to the null hypothesis (Zar 1974). 
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Ecology. --1 analyzed the sex ratio of tortoises using a Chi-square goodness of fit 

test with the Yates correction for continuity (Zar 1974). Hibernation depth and duration 

of telemetered males and females were compared using the two-tailed Wilcoxon-Mann-

Whitney test (Ott 1988). Spearman's Rank Correlation procedure was used to determine 

the relationship of hibernation depth and duration (Zar 1974). I compared male and 

female hibernacula temperatures (maximum, minimum, range) and hibernacula thermal 

buffering (maximum, minimum) between males and females using the Wilcoxon-Mann-

Whitney test. 

Circular descriptive statistic techniques were used to analyze hibernacula aspects 

(Zar 1974). Watson's U2 test for nonparametric two-sample testing compared male and 

female hibernacula aspects. I computed the mean angle and angular deviation of 

hibernacula aspects for males and females. I used Chi-square goodness of fit test to 

determine if hibernacula aspects used by telemetered tortoises were uniformly 

distributed. 

I estimated home range using the personal computer software package CALHOME 

(Version 1, USFS, Pacific Southwest Research Station). To allow comparisons to other 

tortoise home range studies, 1 chose the minimum convex polygon method (MCP) to 

express home range estimates. All locations throughout both active and hibernation 

periods were included in the calculation of MCP. The Wilcoxon-Mann-Whitney test was 

used to compare male and female home range estimates within the Black Mountains. 1 

used Spearman's Rank Correlation procedure to determine the relationship of home 
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range estimates and both MCL and body mass. Finally, I compared Black Mountain 

home range estimates with values obtained from selected Sonoran and Mojave studies 

using the Kruskal-Wallis test (Zar 1974). 

The Wilcoxon paired-sample test was performed to determine if male and female 

activity patterns were significantly different (Zar 1974). The Wilcoxon-Mann-Whitney 

test was used to determine if the number of shelters used differed between the sexes. I 

used a Contingency table to compare shelter site use patterns between males and females 

(Ott 1988). 
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RESULTS 

GENETICS 

Blood samples were obtained from eleven tortoises (7 males, 4 females) from the 

Black Mountain study area on August 14,1994. Samples from Mojave and Sonoran 

tortoises were collected on September 2, 1993 (ten samples; Littlefield, Arizona), 

September 21, 1993 (nine samples; Little Shipp Wash, Arizona) and September 23, 1993 

(seven samples; Harcuvar Mountains, Arizona). 

Genomic DNA was successfully isolated from all but two tortoises; two of the Las 

Vegas Valley blood samples were badly coagulated and freezer burned, making them 

difficult to resuspend in the lysis buffer (Lamb 1995). All DNA samples were amplified 

without complications. The amplified cyt. A/control region segment exhibited some size 

variation across samples. In the majority of the samples, segment size was approximately 

1.7 kb in length. Segment size was slightly though consistently larger (2.0 kb) in the 

Littlefield, Arizona, samples. MtDNA size variation is not uncommon in lower 

vertebrates and has been reported for desert tortoises (Lamb et al. 1989). Moreover, 

mtDNA size variation is often centered in the control region (Wolstenholme 1992). 

Diagnostic digestion profiles are presented in Fig. 2. Samples from Sonoran 

tortoises were characterized by a two-fragment digestion pattern for both Apa\ and NheI. 

The Mojave samples from the Nevada locales were characterized by a single (uncut) 

fragment for both enzymes. However, the Mojave samples from Littlefield, Arizona, 



32 

Figure 2. Digestion profiles for the restriction enzyme Apal. Lanes 1-5, from left to right, 
depict one of two Mojave haplotypes. Lanes 6 and 7 depict the Sonoran haplotype. Lane 
8 is a molecular weight standard. Tortoises represented in this gel are from the following 
locales: lane 1 = Mormon Mountains, NV; lanes 2-5 = Black Mountains, AZ; lanes 5-6 = 
Harcuvar Mountains, AZ. 
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displayed a three-fragment pattern for ApaI, and either a three or four-fragment pattern 

for Nhel. 

Restriction digest patterns or haplotypes for ten of the eleven Black Mountain 

tortoises revealed the single-fragment Mojave pattern for both enzymes; the eleventh 

possessed the Sonoran haplotype (Table 1). This is significantly different ( X 2  = 8.2; 

0.001 <P < 0.005) from an expected 11:0 Sonoran:Mojave ratio. 

Table 1. Black Mountain tortoises, Mohave County, Arizona, sampled in the genetic 
analysis. Haplotypes are S=Sonoran, M=Moiave: sex is M=male. F=female. 

Tortoise Weight Median Carapace 
no. Sex Haolotvoe (kg) Length (mm) 

203 M M 4.0 276 
210 M M 4.1 310 
211 M M 3.9 299 
213 M M 3.6 278 
230 M M 5.5 328 
231 M M 4.5 292 
312 M M 5.6 299 
202 F M 2.2 229 
208 F S 2.5 265 
218 F M 2.0 224 
290 F M 3.0 272 

MORPHOMETRICS 

A total of 111 live Gopherus agassbii from Sonoran and Mojave populations was 

examined from August 4, 1993 to September 5, 1994 (Table 2). Four main size classes of 

tortoise were represented. Carapace dome measurements (CDl, CD3, CD4, CD7) were 

omitted from the analysis since radio transmitters prevented accurate measurements 
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Table 2. Locations and age/size class of desert tortoises used in the morphometric 
analysis. Age/size classes are defined by median carapace length as follows: Adult = 
greater than 209 mm, Subadult = 180 - 209 mm, Immature = 100- 139 mm, Juvenile = 
less than 100mm. 

POPULATION AGE/SIZE CLASS 
Adult Subadult Immature Juvenile Total 

Las Vegas Valley, Clark Co., NV1 11 0 14 4 29 
Littlefield, Mohave Co., AZl 10 0 1 0 11 
East Sugarloaf, Maricopa Co., AZ2 5 1 2 0 8 
Harcuvar, Maricopa Co., AZ2 9 0 0 0 9 
Little Shipp, Yavapai Co., AZ2 9 0 0 0 9 
Ragged Top, Pima Co., AZ2 3 1 1 1 6 
Tortolita Mts, Pima Co., AZ2 1 0 1 0 2 
Black Mountains, Mohave Co., AZ 22 3 9 3 37 
'Mojave populations 
2Sonoran populations 

from several Sonoran (Harcuvar Mountains and Little Shipp, Arizona) and Mojave 

(Littlefield, Arizona) populations. 

Since specimens ranged in MCL from 57 to 308 mm, most morphometric variation 

was size related. The first principal component (PCI) was interpreted as a general size 

factor since 96% of the total variance was accounted for by the component and all 

characters had positive and large coefficients (Table 3). Subsequent principal 

components provided no significant group separation among the three populations, 

Mojave, Sonoran, and Eastern Bajada. 

Discriminant analysis classified a majority of the Black Mountain tortoises as 

Mojave; thirteen of the thirty-seven tortoises were considered Sonoran while twenty-four 

were considered Mojave. This is significantly different (X2 = 14.92; P < 0.001) from an 

expected 37:0 Sonoran:Mojave ratio. 
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Table 3. Eigenvectors for principal component one (PC-1) and size-free canonical 
discriminate analysis coefficients (vector correlations)1 of axis one (CV-1) and two (CV-
2) for Moiave. Sonoran and Black Mountain populations. See text for abbreviations. 
Character PC-1 CV-1 CV-2 

CB 0.197 -0.159 0.509** 
PB 0.203 -0.270** 0.030 
AB 0.217 0.221* 0.590** 
MCL 0.200 -0.221* -0.289** 
CW3 0.196 0.613** 0.036 
CW4 0.190 -0.379** 0.053 
CW7 0.200 -0.050 -0.017 
H2 0.185 -0.213* 0.457** 
H3 0.182 0.160 0.414** 
H4 0.189 -0.332** 0.249** 
CT1L 0.193 0.535** 0.049 
CT1R 0.193 0.565** 0.042 
CT2L 0.192 -0.275** -0.074 
CT2R 0.195 -0.175 0.087 
PLT 0.201 0.115 0.026 
PLN 0.199 0.203 -0.099 
IH 0.216 -0.041 -0.236* 
IP 0.158 -0.216* 0.133 
LAB 0.175 0.049 -0.107 
IF 0.186 0.065 -0.021 
IAN 0.175 -0.118 -0.308** 
LPL 0.181 0.020 -0.321** 
RPL 0.181 -0.083 -0.249** 
BW1 0.197 0.250** 0.241* 
BW2 0.203 0.128 0.051 
PTL 0.190 0.135 -0.359** 
PTR 0.191 0.068 -0.368** 

'Canonical coefficients are expressed as Pearson Correlation coefficients between 
character values and scores obtained by canonical analysis as in Reis et al. (1990). 
**P< 0.010; *P< 0.025. 
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A three population size-free canonical analysis partially distinguished the three 

groups (Fig. 3). Characters that most contributed to discrimination among the 

populations, the correlation vectors between the original characters and the canonical 

variables 1 (CV-l) and 2 (CV-2), are presented in Table 3. Sonoran and Mojave 

populations are distinguished along canonical variable 1 axis. Eight highly significant (P 

< 0.01) characters differentiate the two groups and include: CW3, CT1R, CT1L, CW4, 

H4, CT2L, PB, BWl. When compared with Mojave tortoises, Sonoran tortoises had 

significantly smaller plastron boundary (PB), carapace width at junction of marginals 

three and four (CW4), height (H4), and carapace diagonals (CT2L), and significantly 

larger carapace width at the junction of marginals two and three (CW3), carapace 

diagonals (CT1L, CT1R) and bridge width (BWl). Sonoran and Mojave tortoises also 

differed (P < 0.025) in anal scute boundary (AB), median carapace length (MCL), height 

(H2), and interseam pectoral (IP) but to a lesser degree. 

The Black Mountain population discriminates from both Sonoran and Mojave 

populations along the canonical variable 2 axis. Black Mountain tortoises significantly 

differ {P < 0.01) from both Mojave and Sonoran groups in eleven characters: carapace 

boundary (CB), anal scute boundary (AB), height (H2, H3, H4), median carapace length 

(MCL), interplasteral seam length (IAN), plastron length (LPL, RPL) and plastron 

diagonal measurements (PTL, PTR). Black Mountain tortoises also differ in 

interpectoral seam length (IH) and bridge width (BWl) although to a lesser degree (P < 

0.025). 
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Figure 3. Projection of individual scores for Mojave, Sonoran, and Black Mountain 
Gopherus agassizu populations in the space of the canonical variables, canonical 
variable 1 and canonical variable 2. Symbols represent the following populations: • = 
Mojave; * = Sonoran; • = Black Mountains. 
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ECOLOGY 

Precipitation and Ambient Temperatures. - From August 1993 to July 1994, 16.2 cm 

of precipitation was recorded for the Black Mountain study area, 0.8 cm less than the 

thirty year average for the area (Fig. 4). On August 7, 1993, 3.7 cm was recorded for a 

single summer monsoon storm. The summer of 1994 was extremely dry with only 1.1 cm 

recorded between June 1 and September 30, 1994. Trace amounts of rainfall were 

recorded in 1993 on August 19, 20, 27, 30, 31, October 6, 10, 11, and in 1994, on April 9, 

and August 10. Ambient temperature data are presented in Fig. 5. Maximum ambient 

temperatures ranged from 47.2 °C in June 1994 to 21.1 °C in December 1993. Minimum 

ambient temperatures ranged from 27.2 °C in June 1994 to -2.2 °C in January 1994. 

Perennial Vegetation. - Perennial vegetation transects were completed on April 3 

and April 4, 1995. Results are presented in Tables 4 and 5. Plant species codes are found 

in Table 6. The bajada creosotebush flats were predominately composed of creosotebush 

and white bursage in all transects. Other plants present but not common were white 

ratany, Anderson thornbush (Lvcium andersonii), desert Christmas cactus, paper flower 

(Psilostrophe cooper i), and desert mallow. Ocotillo and Mohave yucca were common in 

clumped and patchy areas throughout the study area. Catclaw was found in minor washes 

intersecting the creosotebush flats. Washes were consistently composed of a greater 

number of perennial species. Washes were predominately composed of catclaw, big 

galleta, creosotebush, white-bursage, wild buckwheat, white ratany, and paper bag bush. 

Other plants found, though uncommon, included: goldenhead (Acamptopappus 
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minium minimi 

Figure 4. -Precipitation in the Black Mountain study area, Mohave County, Arizona, July 
31, 1993 to October 12,1994. 
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Figure 5. -Ambient maximum and minimum temperatures in the Black Mountain study 
area, Mohave County, Arizona, August 7,1993 to October 12,1994. 
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Table 4. Total and relative perennial plant cover (%) on the bajada creosotebush flats of 
the Black Mountains study area, Mohave County, Arizona. Refer to Table 6 for species 
codes. 

TRANSECT 1 TRANSECT 2 TRANSECT 3 
SPECIES TOTAL 

COVER 
(%) 

REL 
COVER 

(%) 

TOTAL 
COVER 

(%) 

REL 
COVER 

(%) 

TOTAL 
COVER 

(%) 

REL 
COVER 

(%) 

ACSH 1.1 5.0 
AMDU 7.6 29.1 8.2 37.2 6.5 31.0 
FOSP 1.0 3.8 
KRGR 0.5 1.9 0.2 1.0 
LATR 11.0 42.1 10.6 48.2 12.0 57.1 
LYAN 0.6 2.8 
OPLE 0.5 1.9 0.4 1.9 
PSCO 0.5 2.4 
SPAM 2.0 7.7 0.90 4.1 0.1 0.5 
YUSH 3.5 13.4 1.20 5.4 0.7 3.3 

PERENNIAL 
COVER 

26.1 22.0 21.0 

BOULDER 
COVER 

1.6 2.3 2.7 

ANNUALS 
AND BARE 
GROUND 

72.3 75.7 76.3 
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Table 5. Total and relative perennial plant cover (%) in the bajada washes of the Black 

TRANSECT 1 TRANSECT 2 TRANSECT 3 
SPECIES TOTAL 

COVER 
(%) 

REL 
COVER 

(%) 

TOTAL 
COVER 

(%) 

REL 
COVER 

(%) 

TOTAL 
COVER 

(%) 

REL 
COVER 

(%) 

ACGR 4.4 13.2 4.1 12.9 0.6 1.6 
ACSH 0.2 0.6 1.4 3.6 
AMDU 3.7 11.1 1.4 4.4 1.7 4.4 
AMER 0.1 0.3 0.6 1.9 

BAMU 0.4 1.0 
BEJU 0.9 2.7 0.7 2.2 
EPV1 1.6 4.8 2.0 5.2 
ERFA 0.2 0.6 5.6 14.5 
ERIN 0.4 1.2 0.2 0.6 
GUSA 1.6 5.0 

HIRI 22.6 58.5 
HYSA 7.7 23.1 1.2 3.8 
KRGR 1.9 5.7 0.8 2.1 
LATR 4.5 13.5 20.3 63.6 2.2 5.7 
LORI 0.3 0.9 
LYAN 0.1 0.3 
MUPO 0.4 1.3 
PSCO 0.4 1.0 
RANE 0.4 1.0 

SAME 3.6 10.8 0.1 0.2 

SAMO 0.1 0.3 
SPAM 0.4 1.0 

STPA 1.9 5.7 0.9 2.8 

ZIOB 2.2 6.6 

PERENNIAL 
COVER 

33.3 31.9 38.6 

BOULDER 
COVER 

0.2 2.4 1.3 

ANNUALS 
AND BARE 
GROUND 

66.5 65.7 60.1 



Table 6. Key to perennial plant species codes. 

SPECIES CODE SCIENTIFIC NAME 

ACGR Acacia greggii 

ACSH A camptopappus sphaerocephal us 

AMDU Ambrosia dumosa 

AMER Ambrosia eriocentra 

BAMU Baileva multiradiata 

BEJU Bebbia juncea 

EPV1 Ephedra viridis 

ERFA Ertogonum fasciculatum 

ERIN Eriogonum mflatum 

FOSP Fouquieria splendens 

GUSA Gutierrezia sarothrae 

H1RI Hilaria rigida 

HYSA Hymenoclea salsola 

KRGR Krameria grayi 

LATR Larrea tridentata 

LORI Lotus rigidus 

LYAN Lvcium andersonii 

MUPO Muhlenbergia porteri 

OPLE Opuntia leptocaulis 

PSCO Psilostrophe cooperi 

RANE Rafinesquia neomexicana 

SAME Salazaria mexicana 

SAMO Salvia mohavensis 

SPAM Sphaeralcea ambigua 

STPA Stephanomeria pauciflora 

YUSH Yucca shidigera 

ZIOB Zizyphus obtusifolia 
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sphaerocephalus), woolly-fruited bursage {Ambrosia eriocentra), wild marigold 

(Baileya multiradiata), chuckawalla's delight (Bebbia juncea), mountain joint-fir, desert 

Xmmpe\{Eriogonum inflatum), broom snakeweed (Gutierrezia sarothrae), cheesebush, 

desert rock pea (Lotus rigidus), Anderson thornbush, bush muhly, paper flower, desert 

dandelion (Rafinesquia neomexicana), paper bag bush, Mohave sage (Salvia 

mohavensis), desert mallow, desert straw (Stephanomeria pauciflora), gray thorn 

{Zizyphus obtusifolia). Although not recorded in any of the transects, desert willow was 

conspicuous along Meadow Creek, a major northwest to southeast running wash which 

intersected the study area. Bare ground and annuals covered the greatest proportion of 

area (60.1-76.3 %) in every transect in both wash and creosotebush flat communities. 

Sex Ratio and Population Structure. ~ Fifty-one live tortoises were found in the 

Black Mountain study area between August 4, 1993, and September 5, 1994 (Fig. 6). 

Median carapace length (MCL) ranged from 57 to 328 millimeters. Size classes found 

included thirty-six adults (mean MCL = 275 ±4.7 mm; range 224 - 328), three subadults 

(mean MCL = 196 ± 4.7 mm; range 186 - 206), nine immatures (mean MCL = 141 ± 7.7 

mm; range 116 - 174), and three juveniles (mean MCL 68 ± 6.4 mm; range 57 - 83). 

Adult males had a mean MCL of 289 ± 5.0 mm (range 236 - 328; n = 23), adult females 

251 ± 4.2 mm (range 224 - 275; n = 13). A ratio of 25 males to 14 females was not 

significantly different from 1; 1 {X2 = 3.1; 0.05 < P < 0.10). Sexes of twelve immature 

and juvenile tortoises were undetermined. 
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Figure 6. Age/size class distribution by sex for live desert tortoises found in the Black 
Mountains study area, Mohave County, Arizona, August 4,1993 to September 5, 1994. U 
indicates sex undetermined. Age/size classes follow Turner and Berry (1984). 
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Shell Remains. — Of the fourteen shell remains found, four were adults (mean MCL 

= 253 ± 11.4 mm; range 235 - 292), three were subadults (mean MCL = 196 ± 2.6 mm; 

range 190-200), five were immatures (mean MCL = 136 ± 8.8 mm; range 108 - 167) and 

two were juveniles (mean MCL = 74 ± 2.8 mm; range 70 - 78). Due to the deterioration 

of many shells, twelve of fourteen MCL measurements were estimated. Thirteen shells 

had varying degrees of chew marks on their shell. One adult male (MCL = 292 mm) 

found in a wash had extensive chew marks on its head, limbs, and marginal and gular 

scutes. 

Anomalies, Injuries and Health Observations. » Anomalies were observed in nine of 

the fifty-one tortoises (18%). Eight had irregular marginal and costal scute counts 

(combinations included 10/10, 10/11, 11/12, 12/12 marginal count; 3/3 costal count) and 

one had a deformed right foreleg. Twenty-four (47%) were injured, with minor plastron 

and carapace injuries (9), deep cracks on plastron and carapace scutes (7), chewed gulars 

and marginals (5), deep wound with live maggots (1), malocclusion (1), and patches of 

missing scales on front forelegs (1). One adult male had extensive chew marks on its 

marginals, plastron, and gulars, in addition to large patches of scales on its foreleg rubbed 

or chewed raw. Five tortoises were observed with obvious shell lesions on the plastron 

and, for some, the carapace; one tortoise was observed with an unidentified shell fungus. 

On August 13, 1993, and August 14, 1994, flushes and swab samples were taken from 

nine selected telemetered tortoises. All cultures were negative for Mycoplasma sp. 
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Egg Shell Fragments. - Egg shell fragments, ranging from minute fragments to near 

whole shells, were found at the entrances of four soil burrows, three caliche caves and 

one pallet. One nest in a soil burrow had recently been predated when found: heavy 

digging was observed at the burrow and exposed egg shells on the burrow apron, some > 

75% intact, contained dried yolk. On January 7, 1994, a whole egg shell with a small 

fragment removed was observed 61 cm from the caliche cave entrance. 

Behavioral Observations. -Throughout the study tortoises were observed ingesting 

soil and foraging on grasses (cured and green Bromus rubens, Erioneuron pulchellum, 

and unidentified grasses), annual forbs (Erodium cicutarium, Cryptantha, Euphorbia and 

Plantago species) and perennials (Baileyi multiradiata. Senna covesii, Sphaeralcea 

ambigua, cured stalk of Solanarium species). 

On July 3, 1994, telemetered female #208 was determined gravid by palpation. This 

tortoise was not gravid when palpated on June 16, 1994. She had shown aggressive 

behavior at her nest for several weeks, from June 16 to July 11, 1994, usually charging 

out of her burrow to sniff and investigate around the burrow apron when researchers 

approached. 

Mating was observed on three occasions. During the first mating observation on 

April 23, 1994, at 1022h, temperatures were 31.6 °C at substrate, 29.9 °C 1cm above 

ground, and 26.0 °C 1.5m above ground. Male #230 slid off female # 301 and both pulled 

into their shell when I approached. After several minutes the male emerged from its shell 

and began biting the female repeatedly on her foreleg and head region. At first she 
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appeared to move away but he continued circling her, bobbing his head and repeatedly 

biting. As his biting escalated, she withdrew in her shell and lowered her plastron. He 

then mounted her, clinging onto her carapace with his forelegs. As he thrusted, his rear 

legs flipped, kicking up sand and dirt. She moved slowly in a tight circle, as he 

continued to thrust. After several minutes, the female attempted to move away from the 

circle but the male continued to stay mounted. She persisted in her attempts to move 

away. Finally, when the male slid off her carapace he began chasing and sniffing her for 

several minutes. She continued to ignore him, foraging on Bromus rubens and Liriodium 

cicutarium. An area void of vegetation and rock debris was created by the two tortoises 

during their mating. During the second mating observation on September 5, 1994, at 

0829h, male #213 continually emitted vocal sounds while mounted on female #202. The 

third mating observation on September 6, 1994, was interrupted by the observer and 

mating was not resumed. When first observed male #219 was mounted on female #208 

and fully aware of my presence while the female withdrew tightly in her shell. 

Fighting was observed between two radioed adult male tortoises on August 12, 1994, 

at 093 lh. During the fighting, substrate temperature was 29.2 °C; air temperatures at 1 

cm and 1.5 m were 29.0 °C and 28.8 °C, respectively. I heard the scraping of shells 

against rocks as I approached. When first observed, the tortoises were southeast of a large 

wash with 4-6 meter high north-facing caliche cliffs. Tortoise #210 was biting the legs, 

shell and face of #219 repeatedly. Several times tortoise #219 moved away but #210 

continued to bite and aggressively pursue #219. Finally, #219 turned and ran towards the 
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wash, with #210 following close behind. After colliding against rocks as he descended 

the steep slope, #219 retreated to a small caliche cave at the base of the wash. The 

aggressor, #210, slowly headed towards a nearby cave at the top of the caliche cliff. Two 

days prior to the fighting, I observed #210 at this cave, charging aggressively out of his 

shelter as I took notes. 

Sample Sizes of Telemetered Tortoises. -- Data on hibernacula, sheltersites, activity 

patterns, and home range estimates were obtained for thirteen Black Mountain tortoises 

from August 6, 1993, to October 12, 1994. Hibernaculum characteristics are presented 

for seven males and five females; sheltersite characteristics, activity patterns, and home 

range estimates are presented for seven males and six females. Telemetered tortoise 

#231 is not included in statistical analyses since the deep wound on his left foreleg may 

have prevented normal activities such as hibernaculum and sheltersite selection in 

addition to movement and activity patterns. 

Telemetered female #201 was last observed on October 22, 1993, in a deep caliche 

cave. However, when I continued to get a signal from this cave throughout the 1994 

winter and spring seasons, I speculated that this female either had lost her radio or had 

died inside the cave. Due to the depth of the cave, I was unable to retrieve her 

transmitter. Since hibernaculum, sheltersite, activity patterns, and home range data were 

not complete for this tortoise, they are not presented. 

On April 22, 1993,1 observed a new adult female. Since the lost female mentioned 

previously had reduced my sample size of females to five, I radioed this new female 
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(#301) by removing the radio from the adult male #221. Therefore, sheltersite, activity 

patterns, and home range data for tortoise #221, and hibemaculum data for tortoise #301, 

are not presented due to insufficient records. 

Hibemaculum Types. -Nine of thirteen radiotelemetered tortoises hibernated in 

caliche caves (6 males, 3 females), four hibernated in soil burrows (2 males, 2 females), 

and none hibernated in pallets (Table 7). Four of the cave hibernacula had a Neotoma sp. 

nest at the entrance. Burrow hibernacula were at the base of Larrea tridentata, with 

clumps of cured Bromus rubens lining the entrance of two burrows; one burrow was at 

the base of Larrea tridentata, Ambrosia dumosa, and Krameria grayi. Telemetered 

females were not observed in hibernacula with adult tortoises of either sex. However, a 

subadult of unknown sex was observed resting at a greater than 65° angle on the carapace 

of the telemetered female #290. Three of eight telemetered males were found 

hibernating in groups; one hibernated with at least one additional male and two 

hibernated with two additional males. 

Hibernation Depth. — Male tortoises in the Black Mountains occupied significantly 

deeper shelters (T = 30; 0.02 < P < 0.05) during hibernation than female tortoises (Table 

7). Males hibernated at a mean depth of 202 ± 43.3 cm (range = 58 - 380, n = 7) 

whereas females hibernated at a mean depth of 67 ± 19.8 cm (range =11-123, n = 5). 

On January 6, 1994, two adult non-telemetered tortoises were observed hibernating 

in a caliche cave. The first tortoise encountered was 250 cm from the entrance; although 

the depth of the second tortoise was greater than 250 cm, an exact measurement could 
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Table 7. Hibernacula characteristics of Gopherus agassizii in the Black Mountain study 
area, Mohave County. Arizona. Shelter types are 1 = caliche cave and 2 = soil burrow. 

Begin End Shelter 
Tortoise hibernation hibernation Duration depth Shelter Slope Aspect 

no. Sex (mm/dd/vy1) (mm/dd/w)* (days) (cm1)* type (%) (°) 

203 M 11/21/93 03/21/94 121 94 2 5 226 SW 
210 M 12/25/93 03/22/94 88 300 1c 24 5 N 
211 M 11/21/93 03/31/94 131 380 1 20 251 SW 
213 M 11/07/93 03/21/94 135 58 2 6 63 NE 
219 M 11/21/93 03/21/94 121 303 lc 44 25 NE 
221 M 10/27/93 04/15/94 171 131 1B 21 360 N 
230 M 12/25/93 03/22/94 88 149 1B 11 217 SW 
231A M 11/21/93 03/31/94 131 259 lc 22 268 SW 

Male mean 11/25/93 03/26/94 122 202 19 331 
± S.E. ± 7.8 d ± 3.3 d ± 10.1 ±43.3 ±4.7 ±0.3 

202 F 11/08/93 03/04/94 117 107 1 14 213 SW 
208 F 10/28/93 03/21/94 145 23 2 6 128 SE 
218 F 11/21/93 03/21/94 121 73 1B 25 264 SW 
222 F 11/21/93 03/04/94 104 11 2 3 146 SE 
290 F 12/06/93 03/20/94 105 123 jI3D 16 340 NW 

Female mean 11/17/93 03/14/93 118 67 13 229 
± S.E. ± 5.9 d ± 3.7 d ±6.6 ± 19.8 ±3.5 ±0.2 

* Statistical difference between males and females at the P < 0.05 level. 
A Not included in statistical analysis due to injury. 
BNeotoma sp. nest present at entrance of hibernaculum. 
c Hibernating with at least one adult Gopherus agassizii. 
D Hibernating with subadult Gopherus agassizii. 
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not be taken since the first tortoise obstructed the cave passage. Since records on these 

tortoises are incomplete, they were not included in the statistical analysis. 

Hibernation Duration. - The number of days spent in hibernation did not differ 

significantly (U = 20; P > 0.20) between sexes (Table 7). Males averaged 122 ± 10.1 

days (range = 88 - 171, n = 7), females 118 ± 6.6 days (range = 104 - 145, n = 5). Male 

and females began hibernation at generally the same time periods (U = 20; P > 0.20). 

However, female tortoises exited hibernacula significantly earlier than males (U = 32; 

0.01 < P < 0.02). Mean dates tortoises entered hibernation were November 22, 1993 ± 

5.3 days (range = October 27 - December 25, 1993; n = 12); male tortoises ended 

hibernation by March 26, 1994 ± 3.3 days (range = March 21 - April 15, 1994; n = 7) 

while females ended hibernation on March 14, 1993 ±3.7 days (range = March 4, 1994 -

March 21, 1994; n=5). There was no significant correlation between hibernation 

duration and depth at the Black Mountain study site (R = -0.14, P > 0.50; n = 12). 

Hibernaculum Aspects and Slopes. — Eight of thirteen tortoises wintered on slopes 

with some degree of southern exposure (range = 128" - 268°) (Table 7). Since male and 

female aspects were not significantly different (U2 = 0.16; 0.10 < P < 0.20), sexes were 

combined for the subsequent analysis. Aspects used by Black Mountain tortoises during 

hibernation were uniformly distributed around the compass (X2 = 1.99; P > 0.50). 

Slopes used by tortoises ranged from 3 - 44 degrees (Table 7). Four tortoises 

wintered on creosotebush flats (2 males, 2 females; range = 3°- 6°) while the remaining 
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nine tortoises wintered on the slopes or basins of the caliche washes (6 males, 3 females; 

range =11°- 44°). 

Hibernaculum Temperatures and Shelter Site Thermal Buffering. ~ Female 

hibernaculum temperature range (the difference between maximum and minimum 

temperature) was 14.0 ± 2.05 °C (range 9.6 - 20.6; n= 5); male hibernaculum temperature 

range was 12.3 ± 2.66 °C (range 5.5 - 26.2; n = 7; Table 8). No statistically significant 

differences were found between male and female hibernaculum temperature range (U = 

23.5; P > 0.20). 

Mean female maximum hibernaculum temperature was 22.7 ± 2.00 °C (range = 15.9 

- 28.2; n = 5) and mean male maximum hibernaculum temperature was 20.0 ± 1.54 °C 

(range = 15.8 - 27.2; n = 7). Mean female minimum hibernaculum temperature was 8.7 ± 

0.80°C (range = 6.3 - 11.4; n = 5) and mean male minimum hibernaculum temperature 

was 7.8 ± 1.22 °C (range = 1.0 - 11.8; n = 7). Neither maximum nor minimum 

hibernacula temperatures were significantly different between males and females (U = 

23; P > 0.20 and U = 18; P > 0.20 respectively). 

Mean hibernacula thermal buffering (the difference between surface ambient 

temperature and shelter temperature) between males and females was not significant for 

e i t h e r  m a x i m u m  a n d  m i n i m u m  t e m p e r a t u r e s  ( U  =  2 1 ;  P  >  0 . 2 0  a n d  U  =  2 6 ;  0 . 1 0  < P <  

0.20 respectively). Mean maximum thermal buffering for males was 8.4 ± 0.95 (range = 

4.0 - 12.1; n = 7), for females, 7.4 ± 1.08 (range = 4.4 - 10.6; n = 5). Mean minimum 
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Table 8. Mean maximum, minimum temperatures and thermal buffering for individual male and female desert tortoise 
hibernacula. Black Mountain study area. Mohave County. Arizona. 1993-1994. 

Tortoise HIBERNACULA TEMPERATURES THERMAL BUFFERING 
# Sex Maximum("C) Minimum("C) Range("C) Maximum ("Q Minimum (°C) 

203 M 24.4 6.0 18.4 8.3 8.0 
210 M 15.8 10.3 5.5 8.0 9.4 
211 M 17.9 11.8 6.1 12.1 11.9 
213 M 27.2 1.0 26.2 4.0 4.8 
219 M 17.2 7.9 9.3 11.2 7.7 
221 M 16.4 8.8 7.7 8.5 6.5 
230 M 21.5 8.6 12.9 6.6 8.2 

*231 M 16.4 10.5 5.8 12.2 12.0 

Male mean ± SE 20.0+ 1.54 7.8 ± 1.22 12.3 ±2.66 8.4 ± 0.95 8.1 ±0.78 

202 F 23.1 11.4 11.8 7.5 13.6 
208 F 28.2 7.7 20.6 4.4 8.8 
218 F 19.8 10.0 9.8 9.5 12.6 
222 F 26.6 8.3 18.4 5.1 8.3 
290 F 15.9 6.3 9.6 10.6 6.6 

Female mean ± SE 22.7 ± 2.00 8.7 ±0.80 14.0 ± 2.05 7.4 ± 1.08 10.0+1.19 
* Not included in statistical analysis due to injury. 
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thermal buffering for. males was 8.1 ± 0.78 (range = 4.8 -11.9; n = 7), for females, 10.0 ± 

1.19 (range = 6.6 - 13.6; n = 5). 

Home Range Size. ~ No correction factor was applied to home range size estimates 

of tortoises within the Black Mountain study area since no significant correlation was 

found between MCP estimates and either the number of observations (R = -0.17, P > 

0.50, n = 12) or number of different locations (R = -0.12, P > 0.50, n = 12) (Table 9). 

There was no significant correlation between MCP estimates and either MCL (R = 0.48, 

0.20 > P > 0.10, n = 12) or body mass (R = 0.60,0.05 < P < 0.10, n = 12). 

Home range size estimates did not differ significantly between male and female 

telemetered tortoises in the Black Mountain study area (U = 26, P > 0.20, n = 12; Table 

9). Males had a mean MCP of 18.61 ± 4.57 ha (range = 9.10 - 41.19 ha; n = 6); 

females had a mean MCP of 12.31 ± 2.61 ha (range = 4.96 - 23.72 ha; n = 6). The 

home range size of injured tortoise #231 was the smallest of the males (5.71 ha) and was 

below the 99 % confidence interval of the other male tortoises. Female home ranges did 

not overlap with other female home ranges; male home ranges overlapped with both 

telemetered females and males (Figs. 7 and 8). 

When Black Mountain home range estimates were compared with selected Mojave 

(Arden, Nevada, and DTCC, Nevada) and Sonoran tortoise populations (Picacho 

Mountains, and San Pedro Valley, Arizona), male estimates were not significantly 

different (H = 3.98, 0.25 < P < 0.50, n = 32) whereas females were significantly different 
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Table 9. Date of first capture, number of observations, number of locations and estimated 
home-range sizes (Minimum Convex Polygon) for thirteen adult desert tortoises at the 
Black Mountain study area, Mohave County, Arizona, August 6,1993 to October 12, 
1994. 

Tortoise 
no. Sex 

MCL 
(mm) 

Date of first 
capture 

No. of 
observations 

Home Range 
No. of Estimate 
locations (ha) 

203 M 276 08/08/93 82 26 24.19 
210 M 310 10/03/93 69 7 12.29 
211 M 299 08/09/93 79 12 14.02 
213 M 278 09/05/93 77 23 9.10 
219 M 311 09/18/93 69 11 10.89 
230 M 328 08/30/93 70 11 41.19 
231* M 292 09/06/93 72 14 5.95 

Male mean ± S.E 18.6 ± 4.57 

202 F 229 08/06/93 85 24 4.96 
208 F 265 10/03/93 71 14 9.70 
218 F 224 08/09/93 72 23 10.28 
222 F 246 10/05/93 73 23 7.42 
290 F 272 08/14/93 80 32 23.72 
301 F 240 04/23/94 54 20 17.46 

Female mean ± S.E. 12.3 ± 2.61 
*Not included in statistical analyses due to injury. 
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Figure 7. Estimated home range polygons for telemetered male and female desert 
tortoises in the northern portion of the Black Mountain study area, Mohave County, 
Arizona. Male tortoises include # 203 (•), # 211 (•), # 213 (*), and # 231 (•); female 
tortoises include # 202 (+), #218 (*) and # 290 (0). 
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Figure 8. Estimated home range polygons for telemetered male and female desert 
tortoises in the southern portion of the Black Mountain study area, Mohave County, 
Arizona. Male tortoises include #210 (•), #219 (•), and # 230 (*); female tortoises 
include # 208 (•), # 222 (+) and # 301 (*). 
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(H = 13.68, 0.01 < P < 0.05, n = 34; Fig. 9). Estimates were obtained from Bailey (1992), 

Barrett (1990), Burge (1977) and O'Conner et al. (1994). 

Activity Patterns. ~ Active tortoises were observed in the Black Mountain study area 

from March to November. When computed across the entire active period (March to 

November), monthly frequencies of activity differed significantly between sexes (T = 21, 

.01 <P< 0.02; n = 9; Fig. 10). Both sexes were most active in April with a secondary 

pulse of activity occurring in October and September. No activity was observed for 

either sex during December, January and February. 

Sheltersite Use. -Within the study area, tortoises were observed in both 

creosotebush flats and ephemeral washes. Burrows and pallets were often found at the 

base of Ambrosia dumosa, Larrea tridentata and, less commonly, Acacia greggii, 

Eriogonum fasciculatum, Hilaria rigida, Krameria grayi, and Sphaeralcea ambigua. 

Yucca shidigera were often used for shade and the base of the stalk used for burrows or 

temporary shelter. On several occasions, tortoises were observed in caves with nests of 

Neotoma sp. at the entrance. 

Tortoises often shared shelters throughout the study. Up to four tortoises were 

recorded separately using a large caliche cave during a single active season. Male and 

female tortoises were often found together in shelters, especially during the spring and 

fall months. On at least two occasions three adult males were found together in a deep 

caliche cave; an adult female and two adult males were found together during two 
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Figure 9. Home range estimates (Minimum Convex Polygon) of desert tortoises from 
Sonoran (San Pedro, Black Mountains, and Picacho Mountains, Arizona) and Mojave 
(Arden and Desert Tortoise Conservation Center, Nevada) study areas (Bailey 1992, 
Barrett 1990, Burge 1977, O'Conner et al. 1994). Vertical lines represent the range, 
horizontal lines the mean, rectangles 2 standard errors, numbers at the top of each 
vertical line the sample size; asterisk indicates home range size estimate of injured 
tortoise #231. 
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Figure 10. Percent of monthly active observations by sex of telemetered tortoises in the 
Black Mountain Study Area, Mohave County, Arizona, August 6,1993 to October 12, 
1994. Numbers at the top of each bar are sample sizes. 
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observations. An adult female was never found with another female of any age class 

during the active season. 

Caves, burrows and pallets were commonly used throughout the study. However, 

pallets were often used in the cooler months (March to May, September to October) 

when tortoises were moving away from or towards their winter shelters. During the 

active season, telemetered male tortoises were found in an average of 10 ± 1.3 (range = 7 

- 14; n = 6) different shelters; females were found in 14 ± 1.5 (range = 7 - 18; n = 6) 

(Table 10). Sexes did not significantly differ in the number of shelters used during the 

active season (U = 27.5, 0.10 < P < 0.20, n = 12). Male and female tortoises commonly 

returned to previously used shelters. Six of twelve telemetered tortoises during the study 

used their hibernacula during the spring and summer months. 

Sexes differed significantly in the frequency of shelter type use during the active 

season. Females were commonly found on creosotebush flats in burrows and pallets, 

whereas males were often found in or near caliche caves in deep washes (Table 10). 

Sexes were independent in their selection of shelter types used; the greatest contribution 

to the chi-square (X2 = 165; P < 0.001) is from males and females and their use of caves 

and burrows, respectively. 



63 

Table 10. Number of shelter types used by individual telemetered Black Mountain 
tortoises, August 6,1993 to October 12.1994. 

Different NUMBER OF OBSERVATIONS FOUND IN: 
Tortoise shelters SHELTER TYPES 

no. Sex used Caves Burrows Pallets 
203 M 14 8 43 9 
210 M 8 59 1 0 
211 M 7 59 0 1 
213 M 14 3 25 29 
219 M 7 53 1 0 
230 M 7 56 0 1 
231 Ma 10 51 3 4 

Male mean 10 40 12 7 
± S.E. ± 1.3 ±9.9 ±6.8 ±4.3 

202 F 13 20 41 5 
208 F 7 19 33 0 
218 F 17 22 29 7 
222 F 15 0 51 12 
290 F 18 0 48 9 
301 F 13 16 26 5 

Female mean 14 13 38 6 
± S.E. ± 1.5 ±3.8 ±3.8 ± 1.5 

ANot included in statistical analysis due to injury. 
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DISCUSSION 

Genetics. ~ Contrary to genetic studies to date of desert tortoises (Jennings 1985, 

Lamb et al. 1989), nearly all of the Black Mountain tortoises surveyed possessed the 

Mojave mtDNA genotype. The genetic data provided by mtDNA markers demonstrate 

that the Black Mountain population is represented largely by a Mojave mtDNA 

haplotype, one identical to that possessed by Nevada populations west of the Colorado 

River. 

Tortoises inhabit the steeper, rockier portions of the Black Mountains but at very low 

numbers compared to the eastern bajada (Bob Hall, pers. comm; A. McLuckie, 

unpublished data). Allozyme analysis found three of three tortoises sampled from the 

western, rocky slopes of the Black Mountains grouped genotypically with a Mojave 

population (Beaver Dam Slope, NV) north of the Colorado River (Glenn et al. 1990). 

However, the presence of the Mojave genotype in the Black Mountains was downplayed 

since Glenn et al. (1990) questioned whether human transport of tortoises, sampling 

error, or degradation of blood protein samples may have influenced results. 

The distinction between the mtDNA marker profiles for Nevada populations versus 

the Littlefield population bears special mention. Lamb et al. (1989) observed three 

mtDNA haplotypes for tortoise populations within the northeastern range of the Mojave 

assemblage corresponding to the Nevada-Utah-Arizona Strip region. The distinct mtDNA 

profile observed for the Littlefield population, which lies between the Virgin and 

Colorado Rivers, apparently reflects the mtDNA variation detected for this region. 
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Morphometries. — Although morphometric analysis indicates shape differences 

between Sonoran and Mojave tortoises are based on less than 4% non-allometric shape 

variation, significant distinctions were observed among designated Gopherus agassizii 

groups: Mojave, Sonoran and Black Mountain populations. Similar to Germano (1993) 

some overlap does occur between Mojave and Sonoran groups. Possibly, sampling 

populations adjacent to the Colorado River (e.g., Las Vegas Valley, Nevada, and 

Littlefield, Arizona) may have contributed to the overlap observed between Mojave and 

Sonoran populations. Comparisons with previous desert tortoise morphometric studies 

are difficult since methods in each study vary widely from using ratios to remove size 

(Germano 1993), to segregating individuals by sex (Jennings 1985), to confining study to 

adults (Weinstein and Berry 1987). The morphometric analysis corroborated previous 

morphometric studies (Germano 1993, Jennings 1985) indicating that Sonoran and 

Mojave tortoises differ in height, width, anal scutes and gulars; additional differences 

from this study include plastron circumference and carapace length. 

Classification discriminatory analysis indicate that the majority of Black Mountain 

tortoises analyzed possessed the Mojave phenotype. Black Mountain tortoises differed 

significantly from Mojave and Sonoran populations in carapace boundary, anal scute 

boundary, carapace length, height, plastron length, and humeral and anal interseam 

length. 

The omission of the carapace dome measurements likely effected the results of the 

morphometric analysis. Previous morphometric work (Germano 1993) has shown that 
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dome measurements differ significantly between Sonoran and Mojave tortoises. Inclusion 

of this measurement in the final analysis might have increased the differences found 

between Mojave and Sonoran tortoises, perhaps even increasing the power in which 

Black Mountains tortoises could be identified as either Sonoran or Mojave. 

Macrohabitat Selection. - The creosotebush/white bursage bajada habitat used by 

Black Mountain tortoises typifies that used by Mojave tortoises west of the Colorado 

River in many localities and is quite distinct from the steeper, rockier, more heavily 

vegetated slopes used by most other Sonoran tortoise populations (Bailey 1992, Barrett 

1990, Burge 1977, Germano et al. 1994, O'Conner 1994, Woodbury and Hardy 1948). 

Similar to Sonoran tortoises, some Black Mountain tortoises are found on the steeper, 

rockier portions of the Black Mountains, but at very low numbers compared to the 

eastern or western bajadas (Germano 1994, Luckenbach 1982). Tortoises sampled from 

the west side of the Black Mountains in such rocky habitat grouped genotypically with a 

Mojave population north of the Colorado River (Glenn et al. 1990). 

Sex Ratio and Population Structure. — Consistent with several other Mojave (Burge 

1977, Woodbury and Hardy 1948) and Sonoran populations (Kiva 1993, Murray 1993, 

Vaughn 1984), sex ratios of adult and subadult tortoises in the Black Mountains did not 

differ significantly from 1:1. However, significantly more adult and subadult males than 

females were found on the Eastern Bajada study plot, just 1.9 - 5.2 km west of the Black 

Mountain study area (Kiva 1993). This survey was conducted from August to October, a 

time when males may have been easier to find due to their extended searches for mates 
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(Bailey 1990, Barrett 1990, Burge 1977, Gibbons 1986, Morreale et al. 1984, O'Conner 

et al. 1994). In addition, males were often located in highly visible areas, such as the 

entrances of large caliche burrows in dry washes, as opposed to females, which were 

often found in less visible burrows and pallets on the rocky flats. 

In some Mojave and Sonoran studies, sex ratios are significantly skewed in favor of 

either males or females (Berry 1976, Berry 1984, Coombs 1977, Woodbury and Hardy 

1948, Woodman and Shields 1988). Explanations include habitat deterioration as 

proposed at the Beaver Dam Slope population, which has undergone dramatic sex ratio 

shifts (Coombs 1977, Woodbury and Hardy 1948), or improper data collection 

techniques (Auffenburg and Iverson 1969, Gibbons 1970). In polygamous species groups 

such as Testudinidae, sex ratios may favor females over males since the highest 

reproductive success would be achieved by males encountering and mating with many 

females (Forbes 1940, Gibbons 1986, Morreale et al. 1984). 

The majority of tortoises found within the study area were adults (71 %). Only 24% 

of tortoises found had MCL measurements of less than 180 mm, and no tortoises less 

than 57 mm MCL were found. Juvenile tortoises are difficult to observe since they are 

small, secretive, spend limited time above ground, and have smaller home ranges 

compared with adults (Diemer 1992, Wilson et al. 1994). Since juvenile and immature 

tortoises exhibit low capture rates in populations, they are often underrepresented in most 

studies (Berry and Turner 1986, Bourn and Coe 1978, Wilbur 1975). Therefore, size 

classes observed in this study are likely not representative of the population. 
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Shell Remains. -The ratio of shell remains to live tortoises observed in the Black 

Mountain study area (0.27:1.0) is higher than at five Sonoran study plots (range 0.05:1 to 

0.19:1), including the Eastern Bajada study plot (0.14:1) (Kiva 1993). Cause of death of 

most tortoise remains in the Black Mountain study area is unknown. Many of the shells 

had been chewed; whether this was the cause of death or occurred post mortem is not 

known. There were extensive shell injuries on five of the observed shell remains, 

including one large adult (MCL = 292 mm) with extensive chew marks on the head, 

limbs, marginal and gular scutes, indicating predation or scavenging by canids, either 

coyotes (Canis latrans), kit foxes (Vulpes macrolis), or feral dogs. 

Anomalies. Injuries and Health Observations. -The frequency of shell anomalies 

(18%) in tortoises at the Black Mountain study site was below the range reported for 

Sonoran populations (range 22.8 % - 71.7 %) but falls within the range of Mojave 

populations (8.2 % - 20.4 %; Good 1987, Johnson et al. 1990). Possible explanations for 

shell anomalies include genetic and environmental factors such as soil moisture content, 

temperature variations, oxygen deprivation, and radiation levels (Coker 1910, Fiye 1973, 

Good 1987, Harless and Morlock 1979). 

Almost half of the tortoises (47%) encountered in the Black Mountain study area had 

some type of injury or health problem. This falls within the range for Sonoran study plots 

(11-78 %; Kiva 1993). In a long lived species such as the desert tortoise, a high 

incidence of shell injuries is not surprising. Woodman and Shields (1988) observed a 

tortoise fall 30 cm and hit its carapace on a rock as a result of getting flipped by a 
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dominant male. At the Black Mountain study site several tortoises were observed with 

healed cracks on their carapace and plastron, perhaps produced from falling from steep 

caliche slopes. Fighting between large males was observed by myself and others (Kiva 

1993) in and around the large caliche washes of the Black Mountains. 

Seven tortoises had injuries apparently caused by chewing from predators (chewed 

gulars, foreleg wound containing with live maggots, and chew marks on marginals and 

gulars in addition to patches of scales on its foreleg rubbed raw on one individual). 

Predators observed in the study area which could chew an adult tortoise shell include 

feral dogs, coyotes, badgers, and kit foxes. Although I observed only individual wild dogs 

within the vicinity of Route 66, several individuals, including recreational hunters and 

Kiva researchers, observed wild dogs in packs within the study area (Kiva 1993; pers. 

comm Bob Hall). Feral dogs caused high mortality at the Bonanza Wash plot in Arizona 

(Hartetal. 1992). 

Mycoplasma sp. were not cultured from any of the sampled tortoises, including 

several with URTD-like symptoms such as bubbles in nares and watery nose (Kiva 1993). 

Currently, this technique is being questioned for its ability to support the Mycoplasma sp. 

growth strains (Jacobson et al. 1991). A new, more powerful test has been developed at 

the University of Florida, Gainesville, which identifies Mycoplasma using restriction site 

analysis and PCR. Since it is possible that URTD was not detected by the culture 

method, it currently cannot be determined whether URTD is present in the Black 
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Mountain tortoise population. For future tests it is recommended that a more definitive 

technique be used. 

Egg Shell Fragments. — If one assumes egg shell fragments indicate nest locations 

(Johnson et al. 1990), tortoise nests in the Black Mountains were similar to locales 

reported for other studies including burrows (Johnson et al. 1990, Luckenbach 1982, 

Murray 1993, Roberson et al. 1989), caves or dens (Barrett 1990, Barrett and Humphrey 

1986, Burge et al. 1989) and occasionally pallets (Roberson et al. 1989). However, a 

large egg shell found resting on the caliche surface of a deep cave was likely carried in by 

a Neotoma, since the egg shell was located adjacent to an extensive Neotoma nest. One 

burrow had evidence of recent predation with large egg fragments, some with dried yolk, 

resting on the burrow apron. Extensive digging around and inside the burrow suggests the 

predator was possibly a kit fox, badger or coyote. 

Behavioral Observations. — Preliminary research has shown that female Sonoran 

tortoises may lay zero or one clutch per year (Murray 1993; Wirt pers.comm.), whereas 

Mojave tortoises lay up to three clutches per year (Roberson et al. 1989, Turner et 

al.l984, Turner et al. 1986). July 3, 1994, the date when tortoise #208 was determined 

gravid, falls within both Mojave and Sonoran oviposition time frames (Murray 1993, 

Turner et al. 1986). In addition, nest defense behavior observed in the female Black 

Mountain tortoise is consistent with that recorded for other post-gravid tortoises (Murray 

1993, Barrett and Humphrey 1986). Since female tortoises in the Black Mountains were 

palpated only when they were located out in the open or at the entrance of a burrow, 
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palpation was performed inconsistently, if at all. In addition, palpation is only about 50% 

effective since small clutches in early development and tight shell closure often prevent 

effective palpation (Murray 1993, Turner 1984). Because of these problems it is likely 

that gravid Black Mountain females were not detected. 

Similar to Mojave tortoises, Black Mountain tortoises were observed courting and 

mating during both the spring, prior to nesting, and the summer monsoons after nesting 

(Black 1976, Luckenbach 1982, Rostal et al. 1994, Woodbury and Hardy 1948). In 

contrast, mating has only been reported in Sonoran tortoise populations during the 

summer monsoons, in August to late October (Johnson et al. 1990, Kiva 1993, Tomko 

1972, Vaughn 1984, Wirt 1988), with spring mating occurring rarely, if at all (Brent 

Martin, pers. comm.) 

Hibernation Characteristics. — In contrast to reported Sonoran populations (Bailey et 

al. 1995, Lowe 1990, Vaughn 1984), Black Mountain tortoises wintered in shelters in 

washes and creosotebush flats on lower to upper bajadas. Hibernation dens in the 

Mojave Desert, as in the Black Mountains, are often located under caliche overhangs or 

in the sides of washes (Auffenberg et al. 1969, Luckenbach 1982). Sonoran tortoises 

usually select hibernacula on elevated, steep slopes (Bailey 1995, Lowe 1990, Vaughn 

1984). Bailey (1992) and Auffenberg (1969) found tortoises selected hibernacula with 

some degree of southern exposure, whereas Vaughn (1984) observed tortoises selecting 

eastern slopes. Sonoran tortoises may winter on steeper slopes to avoid thermal sinks and 

winter flooding in valley basins (Barrett 1990, Lowe 1990). 
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Black Mountain tortoises exhibited some hibernaculum characteristics intermediate 

between typical Mojave and Sonoran populations. Several male Black Mountain tortoises 

hibernated in deep winter dens, some over 3 meters deep, with three telemetered tortoises 

hibernating with at least one additional individual and one hibernating with at least two 

additional individuals. At Beaver Dam Slope, Utah, depths of dens are often 2-5 meters 

with some as deep as 9 meters (Auffenberg 1969, Burge et al. 1989, Luckenbach 1982, 

Woodbury and Hardy 1948). Mojave tortoises are often reported to winter with other 

adults; up to 17 individuals were reported in hibemacula on the Beaver Dam Slope, Utah 

(Woodbury and Hardy 1948). In contrast, Sonoran hibemacula in desertscrub habitats 

are often relatively shallow and usually occupied by a single individual (Bailey 1992, 

Vaughn 1984). In the Black Mountains soil burrow hibemacula were often less than one 

meter and inhabited by a single individual (Bailey 1992, Burge et al. 1989, Vaughn 

1984). 

Type of sheltersites selected by Mojave and Sonoran tortoises may be a result of 

climatic differences between the deserts (Vaughn 1984). The Mojave Desert is cooler 

than the Sonoran Desert during the winter (Turner 1982); tortoises in the Mojave Desert 

are subject to potentially lethal minimum temperatures approximately twice as often as 

tortoises at some Sonoran sites (Bailey et al. 1995). Since the Black Mountain area is 

considered an ecotone between Mojave and Sonoran deserts, and freezing temperatures 

occur with more frequency than in the Sonoran Desert, one would expect deeper shelters 
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as in the Mojave Desert to prevent individuals from freezing and to meet the thermal 

requirements of tortoises at colder sites. 

As in other Sonoran and Mojave populations (Burge 1978, Burge et al. 1989, 

Vaughan 1984), male tortoises at the Black Mountain site overwintered in deeper 

hibemacula than females. In addition, females terminated hibernation earlier than males. 

Shallow hibemacula may allow females to terminate hibernation early and forage on 

spring growth thereby increasing energy and nutrient intake for egg production (Bailey et 

al. 1995). In contrast, constant and moderate thermal hibemaculum temperatures may be 

required for male tortoises (Bailey et al. 1995). Extended exposure to high temperatures 

have been shown to effect sperm sterility and annual testicular cycles of some male 

reptile species (Cowles and Burleson 1945, Kuchling 1982). Interestingly, two Black 

Mountain males hibernated in shallow soil burrows. Perhaps the matted, cured Bromus 

rubens at the shelter entrances acted as insulation, protecting these males from 

temperature extremes to which the relatively shallow shelter would have exposed them. 

In contrast to the San Pedro River Sonoran population (Bailey 1992), there was no 

significant difference detected between male and female hibemacula temperatures or 

shelter site thermal buffering. Since the depths of most cave hibemacula prevented 

thermometers from being placed near the hibernating tortoise, temperatures of six of the 

eight male hibemacula studied were considered approximate estimates of actual 

hibemacula temperatures. For future studies of hibemacula thermal properties, 

temperature data loggers are recommended. 
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Home Range Size. — Consistent with other Mojave and Sonoran studies, home range 

size in the Black Mountains did not differ significantly between male and female 

tortoises, although average male home range size was consistently greater than for 

females in all studies (Bailey 1992, Barrett 1990, Burge 1977, O'Conner et al.1994). 

Other species of turtles show a similar pattern, with males averaging greater home range 

sizes than females (Auffenberg and Iverson 1969, Auffenberg and Weaver 1969, McRae 

et al. 1981, Morreale et al. 1984, Rose and Judd 1975, Schubauer et al. 1990). This 

difference may be due to factors related to mating and reproduction, such as long 

distance movements of males in search of mates and female selection and protection of a 

nest site (Gibbons 1986). When home range polygons of both sexes are plotted together, 

male visits to females are often at the outermost points of male home range polygons. 

The large male #230, who typically occupied deep caves along Caliche Grande Wash, 

was observed 1.0 to 1.5 km north of his usual locations, mating with an adult female. At 

the Black Mountain study area, tortoise #208, a female with the smallest home range 

estimate of any radioed tortoise and the only tortoise confirmed gravid, remained 

stationary at a single burrow for approximately four weeks. She aggressively defended 

her burrow, likely a nest location, when researchers approached. Gravid females actively 

defending nests have been observed in other tortoise populations (Barrett and Humphrey 

1986). 

Home range estimates of male and female Black Mountain tortoises did not differ 

from Mojave populations at Arden and Clark County, Nevada, and from Sonoran 



\ 

75 

populations in the Picacho Mountains (Barrett 1990, Burge 1977, O'Conner et al. 1994). 

However, female home range estimates did differ significantly from estimates at San 

Pedro, Arizona (Bailey 1992). Bailey attributed the small ranges on his site to well 

developed soils with dense vegetative ground cover, reducing the area that a San Pedro 

tortoise needed to obtain the food and shelter necessary for survival and reproduction. 

In all studies, male and female home range estimates were extremely variable, with 

male estimates consistently greater than females (Bailey 1992, Barrett 1990, Burge 1977, 

O'Conner et al. 1994, Rose and Judd 1975). This variability may have contributed to the 

lack of significance found when populations from dramatically different physiographic 

areas (Mojave vs. Sonoran) were compared. In the Black Mountains, estimates differed 

by as much as 18.76 ha between females and 32.08 ha between males, 35.24 ha when 

injured tortoise #231 was included. Ecological aspects in addition to the limitations of 

home range estimation techniques likely contributed to the variation. Examples of 

ecological aspects would include social interactions with dominant individuals protecting 

a resource such as a shelter or microhabitat differences which would effect food 

availability and shelter site location. In addition, other studies have reported that 

individual variation in adult behavior is typical of many turtle species with low metabolic 

requirements, few predators, and long reproductive lifespans (Auffenberg and Weaver 

1969, Moskovits and Kiester 1987, Tinkle et al. 1981). 

MCP is a home range estimation technique in which assumptions and limitations are 

difficult to satisfy. Some of these include: 1) locations must be statistically independent; 
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2) the size of the home range estimate increases indefinitely as the number of locations 

increases; 3) polygons may include unused portions (Jennrich and Turner 1969, White 

and Garrott 1990). Addressing the first limitation compromises the second; longer 

intervals between locations limits the sample size during an activity season. In addition, 

O'Conner et al. (1994) found that home range polygons included significant amounts of 

"empty" areas that tortoises use rarely or not at all. Since all of the limitations of MCP 

can rarely be overcome, it is important to define MCP home range estimates as 

perimeters around tortoise activity and not as the actual area used by an individual. Since 

some or all of the limitations listed above exist in this and other studies of home range, it 

is predictable that some variation within home range estimates may be due to the 

limitations of the estimation technique. 

All of the Black Mountain tortoises analyzed had multiple centers of activity. Since 

environments aTe rarely, if ever, homogeneous, with resources variable in both space and 

time, this result is not unexpected. Different requirements for survival and reproduction 

throughout the year cause the animal to seek out different areas to meet these needs. 

Tortoise # 301 had two major activity centers, one on the creosotebush flats and one in 

Caliche Grande Wash. When first observed on April 23, 1994, she was located on the 

creosotebush flats. However, by late May she moved farther than 0.5 km to Caliche 

Grande Wash and retreated into a deep caliche cave for several months. She moved back 

to the creosotebush flats by early July, eventually wintering in this vicinity. When activity 

centers are overlaid onto her MCP polygons, large unused areas are observed. 



\ 

77 

Determining why she used specific areas during certain seasons requires more data; 

perhaps one area offered a superior nest location, while another area was best for 

hibernation. Whatever the reason, it is clear that the entire MCP polygon is not used 

equally or as intensively; certain areas within each polygon are rarely used, if at all. 

Possibly specific areas within home range polygons may offer resources that are limited 

elsewhere. 

Correlations between home range and body size have been shown for many species 

of reptiles (Auffenberg and Weaver 1969, Christian and Waldschmidt 1984). However, 

in addition to the Black Mountains, many studies that focused only on adults have not 

shown this correlation (O'Conner et al. 1994, Vaughn 1984). Since some adults in this 

study differed minimally in body size, this type of relationship may have been difficult to 

detect. In addition, the limitations of the MCP method, including unused portions within 

home range estimates, may have masked any relationship that may have been present. 

Black Mountain tortoises in my study were not observed in the Bureau of Land 

Management East Bajada Study Plot (approximately 1.9 - 5.2 km west of the study area). 

The longest straight line distance from Black Mountain home range polygons to the study 

plot was 1.2 km. Since tortoises in several populations have been recorded to travel 

distances of 1.4 to 7.3 km over time periods ranging from 9 months to 5 years (Berry 

1986, Medica et al. 1982), long term studies of the Black Mountain population may 

likely find marked tortoises from the East Bajada study plot. 
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Activity Patterns. — Similar to Mojave tortoises (Luckenbach 1982, Johnson et al. 

1990, Germano 1994), both male and female Black Mountain tortoises were most active 

during April. A secondary pulse of activity occurred in October and September, with 

activity markedly decreasing in November. Activity patterns for Mojave tortoises, 

predominately active during spring after emergence from hibernation, contrast with those 

of Sonoran tortoises, which are most active during the summer monsoons (Johnson et al. 

1990). Additional observations under environmental conditions typical for the area would 

have to be completed before one could conclusively characterize activity patterns of 

Black Mountain tortoises as either Mojave or Sonoran. 

Sheltersite Use Patterns. -- As in both Sonoran and Mojave populations, telemetered 

Black Mountain tortoises used a wide range of shelters during the active season (Bailey 

1992, Barrett 1990, Bulova 1994, Burge 1978). Similar to other populations, pallets and 

occasionally soil burrows and caves, were used exclusively by a single tortoise whereas 

most caliche caves and some soil burrows, were used by several tortoises, either 

individually or in groups (Bailey 1992, Barrett 1990, Burge 1978, Woodbury and Hardy 

1948). In the Black Mountains, up to four telemetered tortoises individually used a 

single caliche cave during an active season and a maximum of four tortoises were noted 

in one cave during an observation. As in Bulova (1994), several Black Mountain tortoises 

used their hibernacula throughout the active season. Consistent with some Sonoran and 

Mojave populations (Bailey 1992, Burge 1977), I did not observe adult female-female 

cohabitation. Bulova (1994), however, occasionally observed females together. 
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Male tortoises displayed fidelity to particular caves, substrata and topographic 

features such as washes. Sexes in the Black Mountains differed significantly in the 

number of shelters used and shelter types selected; the majority of males occupied fewer 

shelters, commonly occupied caliche caves, and were often found in washes, as opposed 

to creosotebush flats. Caliche caves may be limited on the bajadas of the Black 

Mountains so that large males may display territorial behavior for these resources. 

Pallets and soil burrows on creosotebush flats were at least four times as numerous as 

deep caliche dens in the washes in a Mojave population at Beaver Dam Slope, Utah 

(Woodbury and Hardy 1948). In addition, consistent with Kiva (1993), 1 observed male 

Black Mountain agonistic encounters at or nearby large caliche caves in the washes. A 

majority of radioed males were observed repeatedly at specific caliche caves throughout 

the active season. In contrast, females may spend a majority of their time on the 

creosotebush flats, possibly in search for appropriate nesting sites. Female tortoise #208 

was found in a caliche cave during the fall 1993. In October she left Caliche Grande 

Wash and moved south to hibernate on the creosotebush flats. She returned again to the 

wash in mid-July but not before, presumably, selecting and defending a nest site. It is not 

clear yet whether the gender difference in shelter types used by Black Mountain tortoises 

is site specific, a characteristic of Mojave or Sonoran tortoise populations, or a range-

wide phenomenon. 

Synthesis. — Mojave genetic, morphometric and ecological attributes are established 

in the Black Mountains. From restriction site analysis and morphometries Black 
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Mountain tortoises predominately possessed the Mojave genotype and phenotype. 

Although many ecological and behavioral observations did not differ between Mojave 

and Sonoran populations, Black Mountain tortoises were clearly similar to Mojave 

populations in macrohabitat selection. Some ecological and behavioral attributes such as 

home range size estimates, activity patterns and hibernaculum selection may be 

characteristic of the desert tortoise across its range, and not specific to subpopulations. 

How could the Colorado River act as an impediment to desert tortoise dispersal? 

During the Pliocene Epoch, the waters of the Gulf of California encroached northward 

from northern Arizona to southern Nevada, creating an extensive marine transgression 

(Metzgar 1968, Shafiqullah et al. 1980). Deposits of mudstone, siltstone, and sandstone 

from this inundation, known as the Bouse Formation, indicate a marine to brackish, 

shallow water environment (Metzgar 1968). It is during this period that an east/west 

dispersal barrier between ancestral desert tortoise populations was most likely 

established (Lamb et al. 1989). Age assignments for the Bouse embayment range from 3-

8 million years ago (mya); however, a potassium-argon (K-AR) decay estimate of 

approximately 5.4 ± 0.2 mya is considered the most reliable (Lucchitta 1972, Shafiqullah 

et al. 1980). Assuming an evolutionary rate of 0.4% sequence divergence per mya for 

turtle mtDNA, the Mojave and Sonoran tortoise lineages should have diverged 

approximately 6 mya, a close approximate to the K-Ar estimate for the Bouse 

embayment (Avise et al. 1992, Lamb and Lydeard 1994). Uplifting along portions of the 

lower Colorado region and the adjacent Colorado Plateau later resulted in the retreat of 
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the Bouse sea and the formation of the modern Colorado River. Stream-flow rates of the 

lower Colorado may have continued to inhibit tortoise dispersal. 

The significance of the Colorado drainage as a historical barrier to tortoise dispersal 

and gene flow is well founded. Nonetheless, opportunities for occasional dispersal of 

individuals from populations adjacent to the river basin is likely, especially during arid 

periods of the Pleistocene and Holocene. Like the tortoise, two major genetically 

differentiated geographic segments of the pocket gopher (Thomymys bottae) meet along 

the Colorado River from southern Nevada to the Sea of Cortez. However, at certain 

locales gopher populations on opposite banks of the river are remarkably similar 

genetically, suggesting rather recent dispersal events (Smith and Patton 1980). 

How could the Mojave trait become established in the Black Mountains? The desert 

tortoise was already established in the Mojave and Sonoran Deserts in middle or late 

Pliocene, the time period when geologist speculate the inundation of the Bouse 

Formation occurred (Metzgar 1968, Shafiqullah et al. 1980). This event may have 

separated the desert tortoise into the current assemblages, Mojave and Sonoran. During 

or after this time period, Mojave tortoises may have crossed the Colorado River and 

established themselves along the Black Mountains. 

Several hypothesis, including dispersal, river meander or human transport, may 

explain the establishment of the Mojave genotype along the Colorado River. The first 

possibility involves active dispersal, where tortoises may have been able to cross north of 

the Bouse Formation. The exact northern-most location of the Bouse Formation is 
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unknown; geologists believe it extended into the Parker-Blythe-Cibola areas (Luchitta 

1972, Metzgar 1968), probably reaching as far north as the Davis Dam, Arizona, area 

(Lucchitta 1972) or the Needles, California, area (Metzgar 1968). In addition, tortoises 

may have crossed dry land or floated across shallow water during extremely dry periods 

of the Pliocene. Consistent with this theory, one could expect Mojave and Sonoran 

genotypes in their respective areas in southern Arizona while populations in northern 

Arizona and southern Nevada and Utah, similar to the Black Mountain population, may 

have dispersed to opposite banks of the Colorado River. 

The second hypothesis involves river meander, with shifting of the river bed. 

Relatively small, peninsular-like parcels of land formed by meandering are sheared by 

the formation of a new river channel and become part of the former opposite bank. 

Associated floristic and faunistic components can also be transferred. Thus, under 

conditions of river meander, west bank plant and animal species possibly including 

Mojave tortoises, could have become inhabitants of the river's east bank. One would 

expect fewer, if any, Sonoran tortoises to be transferred to the west bank since 

meandering would be less likely to occur in typical Sonoran tortoise habitats (rocky, 

steep terrain) than typical Mojave habitat (bajada flats). 

The third proposed possibility involves human transport. Mojave tortoises captured 

as pets may have been transported across the Colorado river, where they were released or 

escaped into the Black Mountains. Native Americans or early western settlers of the 

Colorado River area may have transported tortoises to the east bank as pets or to establish 



food stocks. Populations of Mojave tortoises could therefore have been established 

several localities throughout the Black Mountains. 
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MANAGEMENT AND RESEARCH RECOMMENDATIONS 

Management. ~ The Black Mountain tortoises in Mohave County, Arizona, are 

unique genetically, morphometrically, and ecologically from typical Sonoran tortoise 

populations. Several actions including land acquisition, conservation policies, and 

research are recommended to enhance the protection and understanding of tortoises in 

the Black Mountain area. 

Acquisition of tortoise habitat should be prioritized according to quality and density 

of tortoise populations. Tortoise line transects in the Sacramento Wash area would 

identify any additional tortoise "hot spots" (i.e., areas of relatively high tortoise 

concentrations). Two have already been identified on the eastern bajada and both are 

within and surrounding large caliche washes dissecting the bajada flats. In addition, 

tortoise populations on private lands should be identified. Currently a good portion of 

tortoise habitat within the Black Mountain is within designated wilderness areas and as 

such has a high level of protection; however, there are still several areas of known 

tortoise habitat that is under private ownership. 

Public land managers should use the uniqueness of the Black Mountain tortoise 

population as justification to prevent potentially deleterious activities from occurring in 

high density tortoise habitat. Multiple use activities such as mining and grazing are a 

constant threat to wildlife on public lands. Ultimately, land acquisition and pro-tortoise 

conservation policies will be crucial to protecting tortoise populations for the future in 

the Black Mountains and elsewhere (Lowe 1990). 
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Research. — This research project has generated further questions, all aimed at 

enhancing our understanding of tortoise populations throughout its range. Genetic and 

morphometric sampling from populations adjacent to the Colorado River would enhance 

the understanding of tortoise movements in relation to the Bouse Embayment and the 

Colorado River during the Pliocene Epoch in addition to testing the hypotheses proposed 

in this thesis. It is recommended that samples from several populations north and south 

of the Black Mountains be obtained. Acquiring samples from several populations in 

Arizona, such as those near Fort Mojave, Kingman, and Parker is encouraged; these 

populations are not considered "typical" Sonoran tortoises since they occupy what is 

considered atypical Sonoran habitat, bajada slopes in creosotebush flats. Intensive 

investigations of genetic composition of tortoises within and surrounding Kingman, 

Arizona, would help in determining the extent of the Mojave genotype in Arizona and 

would help in locating adjacent Sonoran and Mojave populations. Further genetic 

sampling in conjunction with ecological investigations of Black Mountain tortoises 

would further the understanding of correlations between genetic composition and 

ecological characteristics; e.g., correlations between mtDNA and type of habitat used, 

correlations between mtDNA and number of clutches laid in one season. 

Finally, whether the mtDNA markers developed by Trip Lamb are applicable for the 

genetic typing of Mojave versus Sonoran tortoises should be tested. Additional 

populations from locales within both Mojave and Sonoran assemblages should be 

sampled to confirm the markers' general utility. In particular, it is recommended to 

sample one to two individuals from four to five California populations, as well as one or 



86 

two populations from the Phoenix and Tucson area. This additional survey work would 

be well worth the minimal effort required as it would likely enhance the confidence of 

the Mojave - Sonoran genetic marker system. 
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CONCLUSIONS 

Mojave genetic, morphometric and ecological attributes were established for desert 

tortoises in the Black Mountains. From restriction site analysis, ten of eleven Black 

Mountain tortoises possessed the Mojave genotype. Through morphometric 

discriminatory analysis, twenty-four of thirty-seven tortoises expressed the Mojave 

phenotype. Black Mountain tortoises were also clearly similar to Mojave populations in 

macrohabitat selection, choosing gently sloped bajadas dominated by creosotebush and 

bursage. Several hypotheses including active dispersal, river meander and human 

transport are offered to explain the dispersal mechanism, which would allow the Black 

Mountain population to cross the Bouse Formation and/or the Colorado River. Future 

management of the Black Mountain population should emphasize the genetic, 

morphometric and ecological uniqueness of this population. 
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APPENDIX A: 

LIST OF PERENNIAL PLANTS OBSERVED WITHIN THE BLACK MOUNTAIN 
STUDY AREA, MOHAVE COUNTY, ARIZONA, AUGUST 4, 1993 TO 

OCTOBER 12,1994. 

AGAVACEAE Agave Family 
Yucca shidigera Mohave Yucca 

BIGNONIACEAE Bignonia Family 
Chilopsis linearsis Desert Willow 

CACTACEAE Cactus Family 
Opuntia leptocaulis Desert Christmas Cactus 

COMPOSITAE Sunflower Family 
Acamptopappus sphaerocephalus Goldenhead 
Ambrosia dumosa White Bursage 
A. eriocentra Woolly-fruited Bursage 
Baileya multiradiata Wild Marigold 
Bebbia juncea Chuckawalla's Delight 
Gutierrezia sarothrae Broom Snakeweed 
Hymenoclea salsola Cheesebush 
Psilostrophe cooperi Paper Flower 
Rafinesquia neomexicana Desert Dandelion 
Stephanomeria paucijlora Desert Straw 

EPHEDRACEAE Joint-Fir Family 
Ephedra viridus Mountain Joint-fir 

FOUQUIERIACEAE Ocotillo Family 
Fouquieria splendens Ocotillo 

GRAM1NEAE Grass Family 
Hilaria rigida Big Galleta 
Muhlenbergia porteri Bush Muhly 

KRAMERIACEAE Ratany Family 
Krameria grayi White Ratany 

LABLATAE Mint Family 
Salazaria mexicana Paper Bag Bush 
Salvia mohavensis Mohave Sage 

LEGUM1NOSAE Pea Family 
Acacia greggii Catclaw 
Lotus rigidus Desert Rock Pea 

MALVACEAE Mallow Family 
Sphaeralcea ambigua Desert Mallow 

POLYGONACEAE Buckwheat Family 
Eriogonum fasciculatum Wild Buckwheat 
E. inflatum Desert Trumpet 



RHAMNACEAE 
Zizyphus obtusifolia Gray Thorn 

SOLANACEAE Nightshade Family 
Lycium andersonii Anderson Thornbush 

ZYGOPHYLLACEAE Caltrop Family 
Larrea tridentata Creosotebush 



\ 

90 

APPENDIX B: 

TECHNICAL MATERIALS AND METHODS FOR GENETIC ANALYSIS 

The genetic procedures described below are taken from Lamb (1995). 

Sequence Procurement, Alignment and Analysis. - Purified mitochondrial DNA 

from tortoises representing the Mojave (Mormon Mountains, NV) and Sonoran (Silver 

Bell, AZ) assemblages were used to generate the sequence data. MtDNA sequences were 

obtained for an amplified segment of the cytochrome b gene using the primers LI 4724 

and HI 5149 of Meyer et al. (1990). Approximately 10 ng of mtDNA provided a template 

for double stranded reactions via PCR in 25 u\ of a reaction solution containing each 

dNTP at 0. ImM, each primer at 1.0 wM, 4.0 mM MgCl2, 2.5 u\ Cetus 10X PCR buffer, 

and 1.25 units of AmpliTaq polymerase. Reactions were amplified for 30 cycles, each 

involving denaturation at 92°C for 40 sec, annealing at 52°C for 60 sec, and extension at 

72°C for 90 sec. Control region sequences were obtained using the primer LGL 283 (5'-

TACACTGGTCTTGTAAACC-3', a modified version of Kocher et al.'s [1989] primer 

LI5926), and LGL 1115 (5'-ATGACCCTGAAGAAAGAACCAG-3') designed by John 

C. Patton of LGL Ecological Genetics, Inc., Bryan, TX. Double-stranded product 

appropriate for sequencing entailed a semi-nested procedure using the primers L 14724 

(Kocher et al. 1989) and LGL 1115, followed by a second amplification with primers 

LGL 283 and LGL 1115. Again, purified DNA provided a template for the initial 

amplification in 25 u\ of a reaction solution containing each dNTP at 0.1 mM, each 

primer at 1.0 «M, 4.0 mM MgCl2, 2.5 u\ Cetus 10X PCR buffer II, and 0.6 units of 
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AmpliTaq polymerase. The initial reactions were amplified for 30 cycles at 92°C for 1 

min, 52°C for 1 min, and 72°C for 2 min; the second amplification involved the same 

cycling conditions. 

Purified double-stranded products from the cytochrome b and control region 

amplifications were used in sequencing reactions employing dye-labeled terminators 

(PRISM kit, Applied Biosystems Inc.); PRISM reaction products were analyzed on an 

Applied Biosystems 373A automated DNA sequencer. Sequences were aligned by eye 

using the Multiple Sequence Alignment option of DNASIS (Version 7; Hitachi America, 

Ltd.). Aligned sequences were searched for all possible restriction sites using the 

Restriction Map Construction option of DNASIS. Comparisons between Mojave versus 

Sonoran sequences for unique restriction sites identified two restriction enzymes that 

produce diagnostic patterns distinguishing the Mojave versus the Sonoran sample: Apal 

and Nhel. 

DNA Isolation. mtDNA Amplification and Restriction Assay. — Genomic DNA was 

extracted from 40-100 ul of buffered blood samples using a standard phenol-choloroform 

procedure (Hillis and Moritz, 1990) or the IsoQuick nucleic acid extraction kit 

(Microprobe Corp., Garden Grove, CA). A 1.7-2.0 kb region of the mitochondrial 

genome, encompassing the entire cytochrome b gene and approximately half of the 

control region, were amplified using PCR. The cyt.A-control region segment was 

generated using the primers L 14724 and LGL 1115 (see above sequencing section). One 

to ten nanograms of DNA were amplified in 85 u\ volumes containing 8.5 u\ Cetus 10X 
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PCR buffer II, 4 mM MgCl2, each dNTP at 0.2 mM, each primer at 1 wM, and 2.15 units 

of AmpliTag polymerase. Amplifications of 30 cycles involved denaturation at 92°C for 

1 min, annealing at 50-60"C for 2 min, and extension at 72°C for 3 min. Amplified 

products were purified using GENECLEAN (Bio 101 Inc., La Jolla, CA) and stored in 

30al of ddH20 at 4"C. 

Restriction digests were generated with the two endonucleases (Apal and NheI) 

identified in the DNAS1S computer search. I used 6 u\ of purified PCR product and 

approximately 2 U of enzyme per digest in a total reaction volume of 12 u\. Digestion 

fragments were separated through 4 % agarose gels (3:1 Nusieve agarose: Fisher standard 

agarose), stained with ethidium bromide, and photographed under UV light. Fragment 

lengths were determined by comparison to a 1-kb molecular weight standard (GibcoBRL) 

and/or the GelMarker ladder (Research Genetics). 
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