An Eighteen Year Study of Population Dynamics, Diet and Health
of the Sonoran Desert Tortoise (Gopherusagassizi) in the San Pedro
Valley of Southern Arizona.

By
W. Walter Meyer, Phil R. Ogden, Katie E. Cline, E. Lamar Smith, George B.
Ruyle, FrancesK. Meyer and Jenny A. Cordrey

A privately funded research project.

Submitted to the U. S. Fish and Wildlife Service in Response to the 2009 Petition to List the
Sonoran Desert Tortoise as an Endangered Species.

January 2010



An Eighteen Year Study of Population Dynamics, Diet and
Health of the Sonoran Desert Tortoise (Gopherus agasszi) in
the San Pedro Valley of Southern Arizona.

By
W. Walter Meyer?, Phil R. Ogden?, Katie E. Cline®, E. Lamar Smith?,
George B. Ruyle®, Frances K. Meyer® and Jenny A. Cordrey’

A privately funded research project.

Submitted to the U. S. Fish and Wildlife Service in Response to the 2009 Petition to
List the Sonoran Desert Tortoise asan Endangered Species.

January 2010

'Dr. W. Walter Meyer, Principal Research Specialistiversity of Arizona, Retired.

“Dr. Phil R. Ogden, Professor and Range Management 8gieditniversity of Arizona, Retired.

3catie E. Cline, Former Extension Range Monitoring Spestialiniversity of Arizona and Range
Management Specialist, Natural Resources Conseragioice.

“Dr. E. Lamar Smith, Associate Professor Emeritus, UnityeodiArizona, Retired.

°Dr. George B. Ruyle, Professor and Extension SpecafiRange Management, University of
Arizona.

®Frances K. Meyer, Participating Rancher.

"Jenny A. Cordrey, Former Research Technician, Univeo§iyrizona



ACKNOWLEDGMENTS

Special thanks to Collins Cochran Jr., Area WildBelogist for the Arizona Game and
Fish Department, and to Dr. Vanessa M. DickinsoneReh Biologist for the Arizona
Game and Fish Department, for their encouragemehtsmasearch project.



TABLE OF CONTENTS

Page
LISTOFFIGURES . . . . . . . . ... . . . . . . . . . ... v
LISTOFTABLES . . . . . . . . & . . . . . . . . . .. . Vi
ABSTRACT . . . . . . . . . .o oo
INTRODUCTION . . . . . . . . . . . . . . . . o o . 1
OBJECTIVES . . . . . . . . ... . o oo e 2

The Study Area and Its Grazing History . . .. .. . . . . . . . 2

METHODS AND PROCEDURES . . . . . ... . . . . . . . .. 6
Study Area Design. . 6
Transect Design . . 6
Tortoise Sampling . .7
RESULTS . . . . . . . . . ... . . . ... ... ..... 10

Finding and Identifying Tortoises . . . . .... . . . . . . . . 10

Physical Distribution of Tortoises. . . . ... . . . . . . . . . . 14

Estimated Numbers of Tortoises. . . . .. .. . . . . . . . . . 16

Recapture Assessment. . . . . . . . . . . . . . . . . .. 19

Livestock Grazing Systems. . . . . . .... . . . . . . . . . 20
Rest Rotation Pasture. . . . . . . . . . . . . . . . . 22

Moderately Grazed Pastures. . . . . . . . . . . . . . . 23

Lightly Grazed Pasture. . . . . .... . . . . . . . . . . 24

Heavily Grazed Pasture. . . . . . .. . . . . . . . . . . 25

Age and Sex Ratios of Tortoises. . . . .. .. . . . . . . . . . . 27
Tortoise Diets. . . . . . . .... . . . . . . . . . ... 28
TortoiseHealth . . . . . . . ... . . . . . . . . ... 30



DISCUSSION.

Sampling Protocol. .
Finding Tortoises . . . .

Spatial Distribution of Tortoises on the Study Area ..

Estimating Tortoise Populations.
Livestock Grazing Effects
Age and Sex Ratios of Tortoises .
Tortoise Diets.
Tortoise Health.

CONCLUSIONS .

APPENDIX A .

APPENDIX B .

SELECTED REFERENCES. .

34

. 34
.. 34

. 35
36

. 38

.39
39
39
41
43

49

. 95



Figure

1.

10.

11.

12.

LIST OF FIGURES
Page

Aerial photo delineating the boundary of the 14,905 tacteise study
area in the San Pedro Rivervalley. . . . . . . . . . . . . . 3

Photo and caption from Range Investigations inofa by David
Griffiths (1904). This photo was taken within thedg area. . . . . . 4

Livestock numbers in eastern Pinal County, Arizbetyveen 1880
and 1950. Confidence limits at the 0.95 level. (Meyer 1980). . . 5

Tortoise tagging locations and length, width and hergasurement
sites. . . . . . . L . Lo oo s e o9

Tagging method used in the study; in this case To#@is2 tagged
in 1981 and photographed in 2009. Note the wear on the anduli a
the difficulty in using them to estimateage. ... . . . . . . . . 9

Average monthly man hours spent in the field eachofghe study. . . 10

Total number of tortoise observations per montivéen1980
and 2005. . . . . . . . L. oo L0 12

Number of new tortoises tagged each year between 19@0@sd . . 12

Total July, August and September precipitation recbirdéhe study
area between 1980 and 1997. The average for these thmdesmo
through the study period was 7.5inches. . . . . . . . . . . . 13

Number of newly tagged and recaptured tortoises oloseaah year
between 1980 and 2005. Sample size (n) is the sum o;f tmyged
and recaptured tortoises. . . . . ... 13

Distribution of tagged tortoises across the study aBéeck dots
indicate areas where tortoises were tagged and reaapfline blue
outlined areas indicate the population cells locateddarstudy area. . . 14

Cumulative number of tagged tortoises and populatiomasts
each year between 1980 and 1997. . . . ...... . . . . . . 18



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Upper and lower confidence limits at the 95% levehertotal number

of estimated tortoises in the study area between 1983907. . . . . 19
Percent frequencies of tortoise recaptures through®setenteen

year monitoring period. . . . . . .... . . . . . . . . ... 21
Map showing the locations of the four different grgaystems in the
studyarea. . . . . . . . . ... . . . ... ... L2
Distribution of desert tortoises in the rest rotapastures in the study

area. . . . . . . e e e e e s s e 22
Distribution of desert tortoises in the moderagedzed pasture.. . . . 24
Distribution of desert tortoises in the lightlyzgd pasture.. . . . . . 25
Distribution of desert tortoises in the heavily gchpasture. . . . . . 26
Number of male, female, juvenile and dead tortoisssreéd in the

study area between 1980 and 2006. . . . . ...... . . . . . 27
Collecting the cloacal bacteria sample from a déseoise with a swab. 31
Rehydrating the tortoise by injecting fluid into itlig cavity. . . . . 31
Photos illustrating change in vegetation in the Dudle&pArizona,

area between 1904 and 2009. The lower photo was taken near the
upper photo location. e 10

Vi



Table

LIST OF TABLES

Page
Densities of tortoises in the 23.3 square mile stuezar. . . . . . . 19
The numbers and densities of tortoises in thereifit grazing systems
inthe studyarea.. . . . . . .... . . . . . . . . . ... 23
Distribution of tortoises by age and sex claskernstudy area. . . . . 28
Results of analyses of nasal swabs for URTDciatal exams of
desert tortoises from the studyarea . . . . . . . . . ... . . 32
Blood chemistry analyses for the tortoises sathph
the studyarea. . . . . . . . ... . . . . . . . . . ...33
Hematological data of the tortoises sampled erstbhdy area. . . . . . 33

vii



ABSTRACT

The objectives of the study were to: 1) find and idenéify many tortoises as
possible within a defined study area which encompassed sévadl Resource Areas
(vegetation types); 2) determine the distribution of tedsiwithin the study area; 3)
calculate an estimate of the number of tortoisehiwithe study area; 4) compare tortoise
data within four different livestock grazing systems; 5) uetee the ratio between the
number of adult males, adult females and juveniles (sulbsqdg) study the diets of desert
tortoises using visual observations of foraging tortoisesrairohistological analyses of
tortoise fecal material; and 7) determine the healftthe tortoise population within the
study area.

Cruise transects were used to sample each quarteyrsbtdack in the 14,905 acre
rectangular study area which encompassed three differegetative zones and four
different grazing systems. The sampling method was s$pemif details but flexible
enough in sampling dates to adjust to when there was a gobdbility to achieve a
reasonable sample number of tortoises. Transects wendgomed throughout the year.
Each tortoise sampled was tagged, its physical chardcterisere recorded, and its
activities and location was documented.

A major problem for observers was learning how and whetodate tortoises
within the three different vegetation types, differemdgraphic regions and geologic units
within the study area. To achieve precision and accuracgllecting tortoise data, it is
crucial that the field monitors have knowledge and expegi@gmorder to locate tortoises
across different geologic and vegetation units.

Tortoises were observed throughout the year and thevitesiwere dependent
upon temperature, season and precipitation with the greatesty occurring from July to
October. Tortoises were inactive during drought and mctste during and after summer
rains. Tortoises were not randomly distributed acrtss study area; they were
concentrated into well-defined population cells, althouwgng were numerous individuals
observed at other locations across the study area. Fopudatls were located on all three
vegetation types and on different topographic units. liSké (calcium carbonate deposits)
were an important factor in the distribution of tosts.

The Lincoln Index method was used to estimate the torpmpalation within the

study area. The 1996 estimated population on the 23.3 squarstudyearea is near 800
+ 200 tortoises, an average of 349 tortoises per square mile, but not randomly
distributed. The sex ratio of the population was 39.9% sn8.3% females and 25.7%
sub-adults.  Tortoise diets varied between the thréfereht vegetational types.
Generalities about the effects of livestock grazing oremésrtoises should be avoided
unless they can be placed in the context of a grazgimes effective precipitation, habitat
type, topography, and tortoise behavior and requiremehts.oVerall apparent health of
tortoises on the study area was good.

viii



INTRODUCTION

Desert tortoisesGopherus agassizii Cooper) are widespread in arid and semiarid
regions of the southwestern United States and westexichl (Woodbury and Hardy
1948, Germano 1988, Lamb et al. 1989, Germano et al. 1994). Tireesulations of
desert tortoises are recognized based on habitat, behamorahorphological differences,
life history and population status variations (Bailey 1998arftan and Beaman 2002,
Meyer 2008.) The Mojave population is found in the highawejDesert of southwestern
Utah, southern Nevada and southeastern California. Sdrmoran population occupies
western and southwestern Arizona and is also founddstern Sonora and extreme
northern Sinaloa, Mexico. The Sinaloan populatiom isastern Sonora and extends into
northern Sinaloa (Germano et al. 1994, Grover, Lesleylze Falco 1995 and Berry et al.
2002).

In 1980 a Sonoran desert tortoise study was initiatedeirSean Pedro Valley in
southern Arizona as a result of an unusual natusaluree concern. Jojob&ihimondsia
chinensis (Link) C.K. Schneid) had become the object of major @gebecause the oil
made from its seed was purported to be a substitute faaléwdil” and was used in the
manufacture of skin care products, shampoos, cosmetidslubricants (Daugherty,
Sineath and Wastler 1958). The resulting increase inale of jojoba seeds encouraged
a large number of “nut pickers” who ravaged the natuzaburces within the valley
without regard to the plant and animal life of the deserhmunity. The pickers were
often without adequate provisions and therefore begangtd@imfood many of the small
animals in the area, including desert tortoises. The nuwibeharred tortoise shells in
their abandoned camp sites initiated concern and curiabibyt tortoise numbers in the
area.

This study continued for eighteen years. It was suggeste®rbywanessa
Dickinson of the Arizona Game and Fish Department dighteen years was enough
initial data. She suggested that, in order to gain beiseght of the tortoise population in
the study area, more studies should be reinitiatechitotéfteen years after the end of this
study.



OBJECTIVES

This study began in 1980 and continued through 1997, although dataueointo
be collected when tortoises were encountered in the stieh after 1997. Limited data
wascollected as late as November 200Bhe objectives of the study were to: 1) find and
identify as many tortoises as possible within a defined st&wdg which encompassed
several Land Resource Areas (vegetation types); 2jndieke the distribution of tortoises
within the study area; 3) calculate an estimate ohthaber of tortoises within the study
area; 4) compare tortoise data within four different tiwek grazing systems; 5) determine
the ratio between the number of adult males, adult lEsrend juveniles (sub-adults); 6)
study the diets of desert tortoises using visual obsenstad foraging tortoises and
microhistological analyses of tortoise fecal matergald 7) determine the health of the
tortoise population within the study area.

The Study Area and Its Grazing History

The study area encompasses 14,905 acres in eastern Piumay,CG&rizona. The
area is located 8 miles south of Winkelman and runs fn@st the San Pedro River into
the Tortilla Mountains. It encompasses the area spanrong douth of Swingle Wash to
north of Dodson Wash (Figure 1). Elevations range @0 feet along the San Pedro
River to 4100 feet on Cedar Mountain. The average pratgitat the lower elevations is
13.8 inches and increases to 16.5 inches at the higherietsvatThree Land Resource
Areasare represented in the studyhe lower elevations are within the Upper Sonoran
Desert Shrub Land Resource Area. Typical soils are xap of thermic Haplargids,
typic Calciorthids, and typi€alcigypsidsthat have formed on alluvium of mixed origin.
Dominant vegetation for this resource area is foothilh pakde Parkinsonia microphylla
Torr), jojoba, numerous species of cac(@puntia, spp. Mill) , threeawns Aristida L.),
slender janusiaJénusia gracilis A. Gray) andannual grasses and forbs. The mid
elevations of the study area are within the SouthermoAa Semi-desert Grassland Land
ResourceéArea Typical soils for this resource area are rockylshal orriorthents, lithic
Torriorthents, lithic Haplustolls and skeletdhplargids that are associated with mixed
alluvium and Precambrian sedimentary rocks. Dominant ségetis a mix of perennial
grasses dominated by grama grasfsutéioua spp. Lag), threeawns, curly mesquite
(Hilaria belangeri (Steud.) Nash), cane beardgragtiiriochloa barbinodis (Lag.)
Herter), jojoba, mesquitePfosopis glandulosa Torr), guajilla (Calliandra eriophylla
Benth.), slenderjanusia and otheperennial and annual grasses and forbs. Uper
elevations of the study area are within the transiti@tween the Arizona Interior
Chaparral Land Resource Aremd the Southern Arizon&emi-desert Grassland Land
Resource Area. Typical soils in this resource unit ar¢yfdeep ustic Torrifluvents and
lithic Torriorthents that have formed on PrecambriannRyranite and sedimentary rock.
Predominant vegetation for this resource unit is turbinelit @uercus turbinella



Greene), one seeded junipéur(iperus monosperma (Engelm.) Sarg.), wait-a-bit{imosa
aculeaticarpa var. biuncifera (Benth.) Barneby), jojoba, guajilla, shrubby buckwheat
(Eriogonum wrightii Torr), red and yellow deervetch.dtus rigidus (Benth.) Greene),
grama grasses, threeawns, curly mesquite and annual gradsesbs.

Figure 1. Aerial photo delineating the bomndéthe 14,905 acre tortoise
study area in the SedrB River valley.

The study area, as well as all of southern Arizoré Rinal County, has a long
history of livestock grazing. By 1694, 100,000 cattle grazed theweters of the San
Pedro River in Southern Arizona and in 1697 Father Kinmahtced more livestock into
the San Pedro River valley at the Quiburi Mission {igs and Turner 1965, Allan 1989).
The Pima revolt in 1751 brought about the abandonment ahig®ons and haciendas in
southern Arizona. Subsequently livestock reverted toad $ate (Wagoner 1975). After
the return of the Spaniards in 1752 livestock continued to ilehumtil the late 1800’s
(Allen 1989). In a letter to Griffiths (1901) Col. H. C H@w wrote that in 1870 the San
Pedro River area had an abundance of perennial grassesdardhunbs of many kinds
and that “...the riverbed was shallow and grassy...with a lartigrowth of vegetation.”
Hooker stated that by 1900 the forage production was reduced by \#%he previous
twenty-five year period and that cattle numbers were r@daced by 50% over the same
period. Griffiths (1904) described “alfilerilla”Efodium cicutarium (L.) L’'Hér.) as an
abundant and valuable forage and stdteat jojoba was considered a valued browse
species in the Dudleyville, Arizona, area. Figure 2 shamgelands near Dudleyville in
1904 as fairly open grassland; in contrast this area wawidbe classed as Upper Sonoran
Desert Shrub.



Fi5. 1.—ALFILERILLA AND INDIAN WHEAT NEAR DUDLEYVILLE. IN THE CENTRAL FORE-
@ROUND Is SHOWN CLOSELY GRAZED BUSHES OF “J0JOBA" (SIMONDSIA CALIFORNICA).

Figure 2. Photo and caption from Range Investigations ZoAa
by David Griffiths (1904). This photo was taken within
the study area.

Croxen (1926) states that the rangelands in central Aaizxeere fully stocked by
1880, that there was little selling of cattle, and thibs¢ were sold brought a low price
resulting in an ever-increasing number of cattle on thgalands. He further states that
the drought of 1904 was so bad that “cattle died in bunchdastings and Turner (1965)
state that there was an estimated one and a hailbmndattle in Arizona in 1891 and that
the drought of 1892 and 1893 reduced the cattle numbers by 50 toTHed further state
that there were only 250 head of calves branded betweenE®and Tucson in 1893, and
by June of that year there were over two hundred thousaitie shipped from Arizona
rangelands. Parr, et al. (1928) state that cattle nenfberArizona and New Mexico
peaked between 1890 and 1893, declined until 1900 and again increasgééatiSheep
and goat numbers were lowest between 1890 and 1893 thensettreaa maximum of
6,750,000 in Arizona and New Mexico in 1903; after 1903 there vggheral decline in
numbers of sheep and goats until 1927.

The aforementioned cattle numbers are in line withaffroximate cattle numbers
in eastern Pinal County during that time (Figure 3) (Meyer 1988)estock traversed the
area unimpeded in their movements until the passage ofaylerTGrazing Act in 1934
and the transfer of lands to the Arizona State LangaBeent in the late 1930’s and early
1940’s. The remaining lands were withdrawn from entryf(mther homesteads or free
grazing allowed). The allocation of state and fedenadi$ established existing ranch units.
The fencing of these ranches in the late 1940’'s and early 19&8dted in further
reductions in livestock numbers on the rangelands.
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METHODSAND PROCEDURES

Study Design

When designing the study, several assumptions were madeas lassumed that
the same amount of field time would be spent monitoraghegear and that the probability
of observing tortoises would be the same across ffezatit resource areas. For the study
it was assumed that the distribution of tortoises wdawddrandom and that the ratio
between adults and sub-adults, as well as the ratiweba males and females, would
remain constant from year to year and across therelffeesource areas. Seber (1965)
states that all individuals in the population should hHaeesame probability of capture and
that, irrespective of the number of times the indiviches been recaptured, the probability
of capture remains the same. Recapture is defined as lteetiog of a marked tortoise
each year and does not include the collection of thee gartoise within the same year
(Leslie and Chitty 1951 and Leslie 1952). Rupp (1966) states thah wiaking
population estimates, the mortality and recruitmentvbeh one monitoring time and
another must be insignificant. He further states ithatortality and recruitment are not
insignificant then the effects of mortality and reanent must be nonselective with
respect to the kinds of individuals into which the popaoitats separated for the purpose of
population estimate.

To achieve a representative sample of the populatigninhportant to assure that
the sampling area is large enough to characterize theahaariability that may occur
within a population. Cook et al. (1962) state that elongdted that are oriented with the
long axis in the direction of greatest variability arerenaniform than circular or square
plots. They further state that block sampling (block typerey) within the larger area, by
its very nature, insures that all parts of the ar#labe sampled fairly uniformly. Based on
these and other principles the area for this studyestablished. The rectangular study
area was designed to encompass three land resource uhitanwelevation gradient of
2100 feet and included several different topographies. Eactegsaction, 160 acres, in
the study area was considered a block that would be congisteonitored throughout the
study period.

Transect Design

Tortoise observations began in August 1980 using the “cruisitigogiiesuggested
by Erickson (1940). The cruising method is a census matked to monitor wildlife or
other items of interest along a prescribed route. Tlethod has several different names
and variations, among these are line transect, stripegbasd others. Erickson found that
a cruising census has an optimum period of time during witidan be conducted.
Krefting and Fletcher (1941) found that an effective wayun census lines was to travel
along the line in a “hunting fashion” and that it was intaot to look around, stop, sit on a



rock or stand perfectly still for a short time while itak sightings in order to maintain
approximate direction and route of travel. Eberhardt (1%88)ed that there is little
information about the physical and psychological procetisat lead to the sighting of an
animal in the field. He suggests that detection dependsaply on searching by the
observer and the visibility of the object being monitoréglobinette et al. (1974) agree
with Eberhardt and state further that the biases in kagngrise from sampling conditions
and the animal or object being monitored and that manyr dilases arise from the
monitor himself. Hayne (1949) states that many of the bidbgonsiderations which
determine a monitoring method’s usefulness in conductirmgresus of any particular
species are often based on erroneous assumptions. afmplkexof these assumptions is
that the capture distance observed by an investigator coestia good sample of all
animals throughout the population. Other erroneous assumpare that the animal has
not moved out of the investigator's path or that the ingator has not failed to sight the
animal. Giles (1971) recommends cruise transects in trydgve even distribution across
the sampling area. Based on the aforementioned retheveruise transects for this study
were designed to traverse each quarter section in a geegreourse of travel that made
covering rough topography easier than trying to maintaitriet straight line of travel.
Every effort was made to consistently monitor eachtguaection on a consistent basis.
The location of every tortoise encountered was tbhearded to the nearest ten acre plot.

Tortoise Sampling

Field monitoring was conducted throughout the year withgtieatest amount of
field work occurring from late June through early Octof@ansects were normally run in
the mornings and afternoons; however, if the day agby fcool or after a summer storm,
monitoring was conducted at any time during daylight hoursheiWa tortoise was
encountered, the legal description of the ten acretitotavas recorded along with a
generaldescription of the site. Tortoise dens and salt “li¢kalcium carbonate deposits)
were documented and monitored as were pallets, scat asmdtottoise sign. If a tortoise
was observed in a den, that was noted, however nd &ffs made to remove it from the
den. |If fresh scat was observed in or near a devgstnoted that the den was occupied.
If a tortoise was on a shallow pallet or resting unagretation or in a white-throated wood
rat (Neotoma albigula Hartley) midden the tortoise was measured. Tortoisat were
actively foraging or utilizing salt licks were also mea&slur If any site was suspected of
being a nesting site, any disturbance of the site wasded; however, the site was
documented and observed fromdatance. |If a tortoise was foraging, breeding or
traveling, then extra time was spent observing its &gtini order to gain a better
understanding of tortoise habits. Throughout the studyitedl were continually revisited.

When a tortoise was collected, special care was takies mandling in an effort to
not overly stress the individual or cause it to urinateictv could in effect cause
dehydration. An observed characteristic of tortoises wa$ when a tortoise saw
movement or heard any noise it stopped and remained stdl finrly long period of time
before starting to move again. If the tortoise wpproached fairly rapidly and picked up
by clutching it on both sides, it typically urinated andugtyed to be free. These



observations helped to develop a monitoring procedure tisatigeal throughout the study.
Characteristically, a tortoise was approached cayeéudl slowly and an open hand was
placed under its plastron with the other hand placeitsaide or on the carapace to steady
the animal while moving it to the area where it wabéameasured. While measurements
were taken, the tortoise was placed upon a flat sudatke investigator’'s leg with its
head against the investigator’'s bamtysome stationary object. This procedure seemed to
provide some security to the animal. When this procedusefetawed, tortoises rarely
urinated or struggled. After the prescribed data weredelt, the tortoise was returned
back to the site from which it was collected and plaoatsiprevious position.

In addition to location and description of the locatsite, tortoise activities, such
as resting, mating, foraging, etc., were also record@&sisociations between individuals
were noted and any unusual marks, damage or unusual weairtdihadual’'s carapace,
plastron and scutes were documented. Calipers were ditibzeneasure length, width and
height in centimeters. The length (L) was measureth fthe gular at the front of the
plastron to the pygal in the back of the carapace. Wi#f) was measured from the
outside edge of the right inguinal to the outside edgéefeft inguinal. Height (H) was
measured from the longitudinal centerline of the plastmthe center vertebral plate on
the carapace (Figure 4). The Chatillon Model IN-6 and Bes00g portable field scales
were used to measure weight in grams. Care was takaove slowly when lifting the
tortoise for weighing. Weighing was the last physical mesament made of tortoises.

Apparent health of each tortoise was also evaluatdds évaluation consisted of
observing nasal discharge, eye clarity, external pasamhd any other physical problem
that may be evident. If a tortoise had obvious damage tarapace or plastron or body
from attempted predation or other injury, this was also deotead. Any diversion from
the typical in the number of vertebrals or costals alss noted.

A basic age classification system for tortoises degeloped for this study using
characteristics described in Medica et al. (1975), M{lE955), Woodbury and Hardy
(1948) and Bogert (1937). This generalized system was basekserved differences in
tortoise size, carapace shape and color, along wittnalowear of the shell. The age
classifications were: very old — large tortoises widarly all of the scute annuli (growth
rings) on the edge of the scute worn or damaged and tha anrtbke concave costals and
vertebrals not plainly apparent; old - large tortoiséh some apparent wear on the scute,
costals, and domed vertebrals; young - fairly snaadbtses with the annuli showing little
wear; very young - tortoises less than 10 centimatelength; and, hatchling - tortoises
approximately 4.5 centimeters or less in length with iredgt soft shells and showing a
distorted umbilical area. For this report, any torté@® young to determine its sex was
considered a juvenile or sub-adult.

Sex of the tortoises was recorded as male or female pvenile when the tortoise
was too small to identify its sex. Based on the wmetbet forth in Woodbury and Hardy
(1948), each tortoise was then tagged by drilling a smalla@ippd the shell (not into the
bone) on the appropriate scute and costal. For exafapl€ortoise #212, scute 2 on the
right side, scute 10 on the left side and the 200 costa mearked (Figures 4 and 5). In



addition to this method, numbered metal tags were gldgeugh a rear scute on tortoises
whose shells were large enough to accommodate theseltatgger years of the research
the metal tags were abandoned because the white-tthnoate rats would gnaw them off

and damage the scutes.
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Figure 4. Tortoise tagging locations and engidth and height measurement
sites.

#212 tagged in 1981 and phgtbgdain 2009. Note
the wear on thewnand the difficulty in using them
to estimate age.



RESULTS

Finding and Identifying Tortoises

An average of 1,000 man hours per year was spent on tHestieveys with
approximately 25% of the field time occurring in the falinter and spring months and
75% occurring in summer months (Figure 6). All field surveysdthroughout the
eighteen year study period were dependent on the amouimhefthe investigators had
available to get in the field and the number of field itigasors available on each survey
day. The number of investigators needed was dependent ¢certain that was scheduled
to be surveyed and the time of year. Fall winter gprihg cruise transects were typically
surveyed several times a month whenever temperaturesweem. Those surveys were
made at different times of the day, usually from midmmy through late afternoon. In
the summer, the greatest amount of field time occurrethglafoudy days and on days
after or during summer storms; these days often stagaey i@ the morning and lasted
until late in the evening.
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Figure 6. Average monthly manrk spent in the field each
year of gtedy.

At the beginning of this study, the participating field imgegtors were completely
inexperienced and naive in tortoise sampling except for thi&nate knowledge of the
study area terrain and its vegetation. For this reastially the cruise transect surveys
proved fairly unproductive with very few tortoises recatdd hese cruises proved to be a
learning experience of tortoise activity and behavior and dnad where to locate tortoises.
One of the key lessons learned during this training period evasuse occasionally and
listen for the tap of the shell of the tortoise onksocThis practice also helped in locating
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tortoises that normally stopped when they saw moveoremtard any noise because these
individuals would eventually begin to move again. It sbename evident that tortoises
and tortoise sign were clustered in specific areas riyrrwcated in fairly dissected
topography with limy soils and also in areas with fagtigep to very steep rocky slopes. It
was also evident that there was little tortoisevégtior tortoise sign found on flats, sand
washes or areas with deep sandy soils. It also lree@marent early on in the study that
tortoise activity greatly increased during and after sunraiarstorms.

Tortoises were observed throughout the year and in eseagonduring the
eighteen year monitoring period. Their occurrencesviaes) were highly dependent
upon temperature and precipitatioRrecipitation in the San Pedro Valley area is bimodal
with summer and winter totals being relatively equal. eL&tll, winter and spring
precipitation produce numerous cool season annual grasdderas and often green up
some perennial grasses and forbs. On warm fall, wimersaring days tortoises were
sometimes observed foraging on annual forbs and grassésulpdy on south facing
slopes near their dens. April, May and June are norrdafiyout tortoises were still using
the remaining green spring foliage during this time and werasamaally found in their
burrows near the front openings. Summer monsoonsatjpistart in mid July and
continue until the first of October. These are thenths of greatest tortoise activity
(Figure 7). It was observed that, during and just after ssmstorms, male, female and
juvenile tortoises commonly congregated at areas that flagrly pure deposits of calcium
carbonate. The major activity of the tortoises aséhsites was eating limy soil. These salt
licks were also areas where the greatest amount of aggresas displayed between
males. Normally one or two different males wereorded and remained at each of these
licks for a number of days throughout the summer morthese were the areas where
male tortoises were occasionally found on their baaksrarely were dead tortoises found
at these sites. The licks were also the areasewniech of the observed breeding activity
was initiated and continued with the male following tleen&le away from the site.
Juveniles of all sizes were also commonly found at thels®& The eighteen years of data
show that, if a tortoise was tagged at a particuldt, libat individual tended to be
recaptured at or ne#lnat same site in subsequent years.

Although the number of man hours of monitoring remainddtively constant

from year to year, the number of new tortoises taggeckased each year through 1988
then greatly declined in 1989 (Figure 8). This decrease appedoedagsociated with the
decrease in July, August and September precipitation in 19§9r€=2). The 1983, 1984
and 1987 precipitation was greater than normal but theseansignificant decrease in
precipitation in 1988 and 1989. The total precipitation ferydar 1989 for the study area
was 4.9 inches, far below the 65 year average of 16.59ncHee number of new tortoises
tagged increased again in 1990 then became fairly stableawithverage of 30 new
tortoises tagged each year until the end of the stud@®7. The relationship between
precipitation and tortoise observations was also obviouta pattern in the number of
tortoises recaptured (Figurel0). After 1988 the number opreea tortoises usually
outnumbered the new tortoises although on some daysl@B& all tortoises encountered
were new ones. After the end of the study in 1997, ntidental tortoise sightings were
about equally split between new and recaptured animals.
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Figure 8. Number of new tortoisemy&al each year between
1980 and 2005.
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Figure 10. Number of newly taggedl r@captured tortoises observed
each ybatween 1980 and 2005. Sample size (n) is the sum
of newfgged and recaptured tortoises.
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Physical Distribution of Tortoises

Distribution of tortoises was not random across th&lys area; tortoises were
clustered in well defined “population cells” (Figure 11). rtdees in one cell normally
remained within that cell area and were rarely observeddinining cells, although
occasionally some males relocated into and remainethar cells.
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Figure 11. Distribution of tagged tortoigesoss the study area. Black dots
indicate areas vehirtoises were tagged and recaptured. The blue
outlined areas intlcthne population cells located in the study area.

Cells 1, 2, and 3 were located on sites that have oshadbils and similar
topography with numerous rock outcrops. Cell 1 was witennixed chaparral-grassland
vegetation community. Soils on this site are shalloahbly to stony loams and clay
loams with numerous rock outcrops. There are verylifey inclusions in these soils and
those inclusions are widely distributed. Slopes ondgiesare fairly steep with the north
facing slopes containing turbinella oak, one seeded junipentdmsmothus Geanothus
greggii A. Gray), sacahuistaNplina microcarpa S. Watson), sideoats gramaBputeloua
curtipendula (Michx.) Torr),cane beardgrass and other mid grasses. The vegetatio® on
south facing slopes is predominantly jojoba, guajilla, ddenanusia, shrubby buckwheat,
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flattop buckwheat Eriogonum fasciculatum Benth), slender gramaB@uteloua repens
(Kunth) Scribn. and Merr.), curly mesquite, threeavamsl annual grasses and forbs.
Tortoise dens were mostly under large rocks and jojobdsrarat middens. Pallets were
generally under shrubs, primarily jojoba. Licks weoé common in this cell.

Cell 2 was within the Semi-desert Grassland vegetationnamity. Soils and
slopes on this site are the same as those found dnlCeNorth facing slopes have
scattered onseeded juniper, jojoba, spicebusloysia wrightii (A. Gray) A. Heller),
sotol (Dasylirion wheedleri S. Watson), sideoats grantane beardgrass, threeawns, curly
mesquite and other mid grasses. South facing slopes raiep fbuckwheat, jojoba,
guajilla, slender janusia, shrubby buckwheat, slender gridameeawns, curly mesquite and
annual grasses and forbs. Tortoise dens and palletsgeaezally located under large
boulders, in rock crevices, under shrubs or in colluviaiong slopes. Licks usually
appeared along canyon bottoms.

Cell 3 was on an east facing slope withirSami-desert Grassland vegetation
community. Soils on this site are cobbly to stony limgms and clay loams with
numerous scattered rock outcrops and caliche banks. Slopesoderately level to steep
with the north facing slopes containingjoba, spicebush, sotol, sideoats grama, curly
mesquite, other mid grasses and annual grasses and fogetahn on the eastern and
southern slopes is predominantly jojoba, mesquite, guajglender janusia, flattop
buckwheat, numerous cactus species, slim tridéitsdghs muticus (Torr.) Nash),
fluffgrass (asyochloa pulchella (Kunth) Willd. ex Rydb.), spike pappusgrass
(Enneapogon desvauxii Desv. ex P. Beauv.), curly mesquite and annual grasde®dns.
Tortoise dens and pallets appeanadall slopes and under a number of different shrubs, in
white-throated wood rat middens and under large bouldergvarelnumerous ithe hard
caliche banks. Licks were primarily located along thieche banks.

Population Cells 4 and 5 were located within the Upper Sonbesert Shrub and
Semi-desert Grassland vegetation communities. Thelé® @ccurred on scattered clay
loam uplands and on deep limy sandy loam soils. Slopefese sites are moderately
level to steep with the north facing slopes containjajgba, spicebush, sotol, sideoats
grama, curly mesquite, other mid grasses and annual graskésrlas. The vegetation on
the southern slopes is predominantly foothill palo vermgoba, chainfruit cholla
(Cylindropuntia fulgida (Engelman.) F.M. Knuth), prickly pearOpuntia spp Mill),
spicebush, slender janusia, slim tridens, fluffgrapkespappusgrass, curly mesquite and
annual grasses and forbs. Soils in the canyon bottoms epegdavely sand and deep
gravely sandy loams. Major vegetation on the bott@n®othill palo verde, jojoba,
chainfruit cholla, desert hackberrZdtis ehrenbergiana (Klotzsch) Liebm.), littleleaf
wolfberry (Lycium exsertum A. Gray), whitethorn Acacia constricta Benth.) and
numerous annual grasses and forbs. The lime licks oe ttedls were on caliche banks
along ridgetops and in the bottoms of canyons that diskecarea. Tortoise dens and
pallets were in rat middens, caliche banks and underareeshrubs oall exposures.
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Cells 6 and 7 were on the felsite (malpais) hills an dhstern side of the study
area. Both sites have soils that are very shald@mbbly to stony, gravely, limy clay loams
with numerous rock outcrops and with deep calcigypsid stalg on the adjoining gypsic
badlands. Slopes are steep with vegetation typiddpper Sonoran Desert Shrub which is
dominated byfoothill palo verde, jojoba, chainfruit cholla, sagudf@arnegiea gigantea
(Engelm.) Britton & Rose), slender janusia and annuasgsand forbs. Slopes on the
calcigypsid soils are steep with scattered creosotelussheé tridentata (DC.) Coville),
jojoba and palo verde. Cell 6 was also located abandoned levearmland that was
invaded by mesquite and had large areas of bermuda @ws%i¢n dactylon (L.) Pers.),
carelessweedAfaranthus palmeri S. Watson) and other winter and summer annuals.
Tortoise dens and licks were located in cemented collugiutime base of hills.

Individual tortoises and small clusters of tortoisessiole the population cells in
the western portion of the study area were locatedimiiar topography and vegetation
found in Cells 1, 2 and 3. The outside individuals in therakand eastern portions of the
study area were located within the Upper Sonoran DesertbSype vegetation. The
outside tortoises in the south central part of the stwdg were on much flatter topography
and on deep coarse sandier soils than those in the pgopudatls. No well defined cells
were found in this area.

Estimated Numbers of Tortoises

The Lincoln Index method was used to estimate the torpmpelation within the
study area. The Lincoln Index method provides the opptyttmiformulate a population
estimate based on the ratio of captured tagged to untaggedlsari@iles 1971). This
method has fairly simple computations which alldtws field worker to see results while
the field work is in progress, provides useful results avefide range of conditions and
the confidence intervals are fairly easy to calculaiéne general goal for estimating the
tortoise population in the study area was to make thedmssible estimate of the numbers
of tortoises across the three different land resoareas and also to be able to make a
statement regarding the accuracy of this estimate. i$ertumbers used in calculating
estimates with the Lincoln Index did not include recaggwf the same tortoise observed,
which wereoften multiple times in the same year.

There were four assumptions defined in the use of theoln Index: 1) there is a
well defined population of tortoises containing N anima)sthere are a number of tagged
tortoises in the population; 3) samples made of the popuolantain both tagged and
untagged individuals; and 4) the probability of observing a thggemal is equal to the
probability of observing an untagged animal within each samplgams (1951) stresses
the point in these assumptions that “The marked animalkt become randomly mixed
with the unmarked ones, or the distribution of samplidigremust be proportional to the
number of animals in different parts of the habitat ¢pestudied.” The population was
estimated using the following formula: N = nM/x whered\the estimated number of
animals in the population, n is the sample size, Masilmber of tagged animals and x is
the number of tagged animals in the sample. Under swmgdion of equal probability of
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capture, the number of tagged animals (x) approximates aoRaisstribution. Chapman
and Overton (1966) present a table adapted from Chapman (19¢8athibe used when
setting confidence limits for a Lincoln Index experimentvhichA = nM. These values
for calculating the upper and lower limits are besteslfor x values less than fifty. Seber
(1965) states that may be constant between samples but it may changedample to
sample as the sample size increases. Adams (1951) gtate the sample size was
greater than or near 25, then the confidence limitghferPoisson distribution are better
used. Giles (1971) recommends that for sample sizes gtdateror near 25, then the
confidence limits can be calculatesing

| (+d) £ 24x+1

My, My = -

where N represents the lower confidence limit and ipresents the upper confidence
limit; and that using the Poisson approximation to d¢ateuconfidence intervals is much
more conservative than using values from tables. Bheaula was used to calculate the
95% confidence limits.

The cumulative number of tagged tortoises increasedeleet 1980 and 1997
(Figure 12) with an average of approximately 30 new torto&ggetd each year after 1990
(Figure 10). The number of tortoises observed between 1880384 was very low even
though approximately the same number of hours was speht ifiedld each year. The
estimated numbers of tortoises in the population betwe@h 48d 1987 was inconsistent
(Figure 12); this variability reflects problems with trying tnake predictions about the
population dynamics with small sample size and numbeagded tortoises and with a
fluctuating proportion of recaptured tortoises in the ansaaiples. For example, in 1984
there were 19 new tortoises tagged and only one recaptutedsdothat was tagged
previous to 1984, although several of the tortoises tagged in 1984later observed that
same year. These disproportionate ratios violated dlsec wequirement of the Lincoln
Index which is that the proportion of the marked populatiiotine total population estimate
is the same proportion as the recapture to the sampiber.

By 1988 the proportions of recaptured and new tortoiseseimtmual samples
generally were less variable than prior to 1988 (Figurel®igures 12 and 13 illustrate
the difficulty in trying to make predictions about theesaf the population. Figure 12
appears to show an upward trend in the estimated populatipnnbattuality, what is
being shown is simply more tortoises were tagged orstilndy area over time, which in
effect biases the population estimate upward. Figure 13, vdhotvs the confidence
limits for the estimated population, implies that tbegdise numbers on the study area are
at least as great as 571 and no greater than 1200. Baskd 85% confidence limits
calculated for the 1997 data, the density of the estdrattoise population would be 38.0
tortoises per square mile with the lower confidence poipulat 24.5 tortoises per square
mile and the upper confidence population at 51.4 tortoisesqeare mile (Table 1).
Also note that the density of actually tagged tortoisdhe same as the density of tortoises
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at the lower confidence limit. The 1989 drought also hadeféect on the estimated
population data with the estimated number of tortoises dngdppom 586 in 1988 to 443
in 1989; this is very evident in Figure 13.
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Figure 12. Cumulative number of tagged imetoand population
esties each year between 1980 and 1997.

There were other factors that affected the estimatiopopulation size. Even
though tortoises that were tagged in a location were abrmecaptured at or near the
same location in subsequent years, there often wergknmgds of time, sometimes 10 or
more years, before some tortoises were recapturedrefdhe it was difficult to know if
those tortoises were dead or had left the area. nStance, a fairly young tortoise #J that
was tagged in the western part of the study area in 199%owag in 2005 by Jerry Perry
of the Arizona Game and Fish Department approximateltdearmiles west of where it
was originally tagged. Another factor affecting estiorats that the remains of only 15
dead tortoises were found in the study area which is ¢oo tb make an accurate
assessment of tortoise death rate or to accurat¢iyate the death rates of tagged
tortoises versus untagged tortoises. It was also inipese estimate the time of death of
tortoises. An additional factor is that the life #hfe study was not long enough to
understand if the number of young tortoises coming int@tpellation was proportional to
the number of tortoises dying or leaving the population. Picedavas always a concern;
the shells of several young tortoises showed thatwesg killed by a mountain lior-élis
concolor azteca Merriam) and there was evidence that young tortoisasthe licks were
sometimes mauled, and probably eaten, by javeliagagsu tajacu sonoriensis Mearns).
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orettotal number of estimated tortoises in the study
area between 1985 and 1997.

Table 1. Densities of tortoises in the 281Bse mile study area.

Mumber of Density
Mumber Data Taortoise Tortoise per sg. Mile!
Actual Tagged Paopulation afy 247
Estimated Population® 854 38
Lower Confidence Fopulation® 5771 245
Lpper Canfidence Population® 1156 51.4

' Density based on the 23.29 square mile study area.

2 Based on the1997 estimated data.
2 Confidence interval at the 95% level.

Recapture Assessment

Eighteen years of recapture data were assessed usowglgdrom tortoises that
were tagged between 1980 and 1989. The records indicated et itot unusual for
some tortoises to not be observed for many yearstaterinitial tagging. Therefore, only
tortoises tagged in the first ten years of the studgwelected for this assessment. If data
from tortoises tagged after the first ten years weet ughe results would have been
skewed because not enough time had elapsed to give valig.resu
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Seven classifications were developed for the recaptusessment. Those
classifications reflect an average of how often anhaviaat intervals particular tortoises
were observed throughout the entire monitoring period. cldssifications were: (1) every
year(if the tortoisewas seen every year); (2) every other year; (3) e¥gmars; (4) every
4-5 years; (5) every 6-10 years; (6) every 11-18 years; ande{@r recaptured (Figure
14). Multiple recaptures of the same tortoise withingame year were excluded. Only
one sighting of a tortoise within a particular year wasnted in the assessment.

The results of the assessment were: 5% of taggedsestaere seen every year;
5% every other year; 18% every 3 years; 13.6% every 4-5;y&@r1% every 6-10 years;
11.8% every 11-18 years; and 30% never recaptured. Severdllpaossisons for never
seeing a tortoise again exist. The tortoises may haverldfeen taken from the research
area. Their tag enumerations (markings) may have bsenranodified. They may have
died or they were simply undetected. It is doubtfalttthe entire 30% of the tortoises that
were never seen again left of their own accord becauseanall of them would have had
to travel miles to get outside the research area. @mdytagged tortoise was ever found
outside of the research area throughout the entiemargs period. Most of the tortoises
had two different tagging methods to identify them theeefbe loss or modification of an
identification tag on an adult tortoise was unlikely. islta possibility that markings on
juveniles could have been lost or modified. Howeverrilnmbers of juvenile tortoises in
this category were limited and could not account for o 80%. The likelihood of 30%
of the tortoises being dead was also small since only 18 tetbises were observed
across the study arearing the entire eighteen years. It is highly probdide most of the
tortoises that were not observed again were simplytaotdzl because they were resting
deep in dens or rat middens or under dense shrubberyaolamdscape where they were
just too well camouflaged to spot. It is also possibde they had moved a short distance
away from the monitoring transect. For examplegradie Tortoise #286, an old tortoise
when she was tagged in Population Cell 2 in August of 1991 neses seen again until
November 2009, an eighteen year time span. When shehgasved in 2009, she was
within one third mile of where she was originally taggdd| within Cell 2. Another
example is Tortoise #B, a 1984 hatchling. This tortoise seah yearly at or near the
same location until 1992, an eight year span. After 199hdme range had increased
enough that it was monitored along another transect libeimwthe same cell. It is
probable that many of the tortoises in the 30% categarigldme observed again in future
research.

Livestock Grazing Systems

The tortoise study area encompassed four different gragstems: a rest rotation
system (Pastures A, C, D and E)earlong moderately grazed system (Pastures F and G);
an occasionally very lightly grazed system (Pastureddyl a yearlong heavily grazed
system sometimesith stocker calves added in the winter (Pasture B) (Eid&). The rest
rotation Pastures A and D and the moderately grazed Padtuand G have primarily
Southern Arizona Semi-desert Grassland vegetation sathe Upper Sonoran Desert
Shrub vegetation on the lower elevations. Pastures (Eareé a mix of Arizona Interior
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Chaparral vegetation on northern slopes and Southemorgi Semi-desert Grassland
vegetation on southern slopes. The vegetation inghdong heavily grazed Pasture B and
the lightly grazed Pasture H is predominantly Upper SonDesert Shrub where most of
the forage is browse and annual grasses and forbs.
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Figure 14. Percent frequencies of tortoise recaptiur@sghout
the diggn year monitoring period.
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Figure 15. Map showing the locationtheffour different grazing
systems in thedy area.

Rest Rotation Pastures

Grazing in the rest rotation pastures was scheduldths@ach of the pastures was
deferred from grazing through a growing season every other y8#ocking rates in
Pastures A, C and E were light to moderate through@ugtazing period with Pasture D
receiving light to moderate short duration seasonal utsearspring. The desert tortoises
in these pastures were in three fairly well defined “pdpariecells” (Figure 16). Tortoise
dens and pallets in Cells 1 and 2 (Figure 11) in these pastureustally less than two
feet deep and were normally found on the southern slogeally under jojoba bushes or
sotols or in white-throated wood rat middens. Other dems wader large boulders or in
crevices in rock outcrops; these deeper dens were fourdl erposures and were also
often occupied by wood rats. The deeper dens were used bytimaorone tortoise during
the winter. During the summer, the tortoises occupiedicsi pallets under low shrubs
and rock overhangs and returned to these same palletstimasy It was not uncommon
for some tortoises to remain at the same sitehferduration of the summer. Due to the
limited number of calcium carbonate licks in these twpytation cellstortoises traversed
the area quite widely with a typical home range (base recapture data) exceeding 640
acres and they commonly interacted with tortoises fatside their population cell.
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Figure 16. Distribution of desertd®es in the rest rotation pastures
in the studgar

Tortoise dens in Cell 4 (Figure 11) in Pasture A were foundlafogles and under
a number of different shrubs, in white-throated woodniddens, under large boulders and
in fairly soft loamy soil banks. During summer, thetd@es occupied shallow dens and
pallets under low shrubs and in wood rat middens. These alehgallets were used
throughout the summer season by different tortoisdssame had more than one tortoise
occupying the spot at the same time. Tortoises occupyiagsitlei had a home range of
approximately 270 acres and they did not appearténact with tortoises in the bordering
population cells.

Within this 7.43 square mile grazing system, 215 tortoises vegyged in three
different well-defined population cells (Table 2). Ninéye of the tortoises were adult
and 123 were juveniles and sub-adults of different agBisese cells had the highest
number of observed juveniles. The calculated tortoissitieon this 7.43 square mile site
was 28.9 tortoises for every square mile. Figure 16 riites$ that there were nine quarter
sections in which tortoises were not observedihis indicates that tortoises actually
occupied approximately 4.8 square miles and that densitieshisnsite were under
calculated. In actuality densities within individual popuwlaticells may be high, but
densities outside the boundaries of cells were low bectartoises were rarely found
there. In other words, density is dependent on whersgitmple plot is located.
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Table 2. The numbers and densities of tortamse® different grazing systems in
the study area.

Sguare Adults Juveniles All Tortoise
Fasture Miles Mo, Tortoise/sg.Mile Mo, Toroise/sg.Mile Mo, Tortoise/sg Mile
Light 3.56 43 13.45 4 1.12 52 14.61
Moderate 509 41 8.60 A 1.18 47 823
Heavy 7.21 212 29.40 a4 7.49 266 36.59
Fotation  7.43 92 1238 123 16.55 215 28.94
Tatal 2329 393 16.87 187 8.03 580 249

Moderately Grazed Pastures

Pastures F and G were moderately stocked and grazedoyear at a level that
maintained a sustainable forage base. The tortoisees$e hastures were found in the
well defined population Cell 3 (Figure 11) and were also geattm isolated locations
across both pastures (Figure 17). Cell 3 was on soilsdtfiered from other sites; the
soils were more limy and had weathered stones and beutdeEscabrosa limestone.
Fairly deep dens and overhangs were common along tichecdlanks; these dens were
commonly used in the winter. Summer dens and palletsathe landscape were under
jojoba, palo verde and other shrubs. Based on recaptagliathome range of tortoises in
Cell 3 was approximately 270 acres. The scattered tostaiséhese pastures occupied
fairly flat sandy sites in the eastern part of Pas@i@nd rocky terrain in the western part
of Pasture F.

Within this 5.09 square mile grazing unit, 47 tortoises were thageh 41 adults
and 6 sub-adults and juveniles of different ages. Thelleded tortoise density on this site
was 9.2 tortoises for every square mile (Table ZJortoises were not found in
approximately nine quarter sections in this ufihis indicates that tortoises only occupied
approximately 2.8 square miles and that the density was agder calculated. Again, the
densities in individual population cells may be high, but oVelexsities are diluted with
lots of country where the tortoises were not found.
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Figure 17. Distribution of desert tortoisethe moderately grazed pasture.

Lightly Grazed Pasture

Pasture H was lightly stocked for short periods oftiamd was deferred from
grazing through most of the eighteen year monitoring geriBopulation Cell 7 (Figure
11) in the eastern part of the pasture was on Malpdlisiktl on calcigypsid soils (gypsic
clays) adjoining Malpais Hill (Figure 18). Other toresswere scattered in isolated
locations across the rest of the pasture. Soils ostéep slopes of Malpais Hill are very
shallow, cobbly to stony, gravelly, limy clay loams withmerous rock outcrops. Dens
were fairly deep, were located under cemented colluviumnarthe base of Malpais Hill
and were commonly used in winter. Dens on the calsigypoils were shallow or in
wood rat middens that were dug into the clayey soils. tBadle the Malpais Hill area
were under palo verde or jojoba while those on the clasals were under jojoba.
Individual tortoises in the western and central portbthis pasture were scattered. Soils
in these areas are gravely sandy loams, sandy demsldo limy sandy loams. Slopes
range from fairly flat to steep. Dens and palletshis area were more difficult to locate
but the majority of those found were shallow dens led¢ander jojoba or in wood rat
middens. Most of the tortoises monitored in this areaewocated because they were
active.

Within this 3.56 square mile pasture 52 tortoises were taggedoassted of 48
adults and 4 sub-adults apdreniles of different ages. The calculated tortaisasity on
this site was 14.6 tortoises for every square mile (TAbleTortoises were typically found
in all quarter sections in this pasture, indicating that tortoises were more randomly
distributed than those in the other pastures.
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Figure 18. Distribution of desert t@&s in the lightly grazed pasture.

Heavily Grazed Pasture

Pasture B was grazed year long with the permitted numbdwestock. In
addition, every fall through spring, except years 1987 thrd@§i®, varying numbers of
excess stocker cattle were permitted by the land agenbissyas the typical procedure
throughout the study. Population Cells 5 and 6 (Figure dlhis pasture were well
defined (Figure 19). Cell 5 in the western portion of theysasvas in the Upper Sonoran
Desert Shrub vegetation community. Soils on this aitedeep limy sandy loams with
scattered clay loam uplands. Slopes range from modbelatel to steep and are dissected
by numerous small canyons. Tortoise dens were fourall@opes and under a number
of different shrubs, in white-throated wood rat middens, ufadge boulders and in fairly
soft loamy soil banks. During the summer months,ttmoises occupied shallow dens
and pallets under low shrubs and were most commonlyisesood rat middens. These
dens and pallets were used throughout the summer seasdfetsnttortoises and some,
at times, had more than one occupying the spot at the seme. Based on the range of
recaptured tagged tortoisd®e home range of tortoises on this site is approxim&edy
acres.

Cell 6, inthe eastern portion of the pasture, was located on anddtbe felsite
hills north of Swingle Wash and has the same ecolbgl@racteristics found on Malpais
Hill in the lightly grazed pasture. Soils on the steepestoof these hills are very shallow,
cobbly to stony, gravely, limy clay loams with numergask outcrops. Tortoise dens
were fairly deep and located under cemented colluviumrabddrock crevices around the
base of the hills; they were commonly used in wintegll €also encompassed abandoned
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farmland on the east side. Dens in the calcigypsid sodund the hills were in pipings
(erosional tubes that occur in the clayey soils); otless were located in shallow cavities
under scattered shrubs.

Within this 7.21 square mile grazing unit, 266 tortoises were taggetva
different well defined population cells (Table 2). Two hwaltwelve of the tortoises
were adult and 54 were sub-adults or juveniles of difteeges. The calculated tortoise
density on this site was 36.9 tortoises for every squdee migure 19 shows that there are
thirteen quarter section plots in which tortoises weoé observed; these plots were
comparatively flat to slightly sloping and were dideel by numerous small dry stream
channels.
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Figure 19. Distribution of desert t@#s in the heavily grazed pasture.

Age and Sex Ratios of Tortoises
Based on eighteen yearsd#ta, determining the age distribution and sex ratios of

tortoises in the study area was very subjective. Agngises using the number of scute
annuli was impractical because of the amount of weathe scutes (Figure 5); therefore
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age was defined in the monitoring protocol as very old, wtding, very young, and
hatchling. Another problem became evident in determiningéleof individual tortoises
through time. When tortoises classed as juvenileetithe they were first tagged grew
older, their sex became evident so the very young andhlimgtcdata changed.
Consequently, the age class and sex ratios of tortolsssrved in any one year were
always changing. Therefore, the age and sex ratiospdasented in this section were
based on age class and sex of the individuals when theyfisst tagged.

There were 242 males, 208 females and 156 juvenile tortisigged in the study
area between 1980 and 2006 (Figure 20). The number of dead todiossrved was very
low and only reflected dead tortoises actualbgerved. It was difficult to determine how
many tortoises were taken by predators (especially juvaaiten by javelina), how many
had moved out of the area or how many were just unsedmelsurveyors. Based on the
aging protocol, the age class distribution for the stda was approximately 11% very
old, 39% old, 35% young, 13% very young and 3% hatchlings (Table 3).
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Figure 20. Number aflenfemale, juvenile and dead tortoises
observed in the study area between 1980 and 2006.

Table 3. Distribution of tortoises by ael sex class in the study
area.
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SEX “ery old e Young  Mery young  Hatchling

Mlale 7.3% 20.9% 12.0% 1.1% 0.0%
Female 3.6% 17.8% 15.5% 0.8% 0.0%
Juvenile 0.0% 0.0% 7% 11.2% 2.8%
Tatal 10.8% 38.7% 34 6% 13.1% 2.8%

Tortoise Diets

A diet study of desert tortoises was conducted using vidasarvations of foraging
tortoises and microhistological analyses of tortoisealfenaterial. Data from visual
observations of tortoises was collected from 1980 thralgf/0. Since the majority of
these observations occurred during the summer and faith®iothe diets from visual
observations represent the summer and fall seasamp@sition was calculated as the
number of observations of tortoises foraging on a gispecies divided by the total
number of foraging observations (n = 141).

Tortoise fecal samples were collected to representioxdium and high elevations
of the study area. The summarized fecal sample ddyarepresents summer and fall
diets. Information used to determine tortoise diet camjpm was gained from fecal
sample analysis conducted by the Range Analysis Ldie diniversity of Arizona.

Coupled with the diet study, forage production was collectedhe study area.
Permanent production transects and directions of samptng randomly selected. Cool
season annual production was sampled in the spring and penelaniaproduction was
clipped following the summer rainy season. Each locatiata set was obtained by
clipping current year production from ten 9.6 square foot gitatsed fifteen steps apart.
Production on shrubs was clipped up to five feet above grouaetl lev

For this report the 1981 spring and fall vegetation datawset selected for
comparisons because the annual and seasonal precipitasomear average for the area in
that year. Production on the lower elevation Upper Sonoran D&danib Resource Area
was 1,481 pounds per acre with 45% of the production cool seaswaral grasses and
forbs and 49% shrubs. Composition on this site was 49% shBuBo grasses and 14%
forbs (Appendix A Table 2). Production on the mid elevat$ami-desert Grassland
Loamy Upland site was 993 pounds per acre with approximatelyc@@¥season annual
grasses and forbs. Vegetative composition on thisnsigee25% shrubs, 43% grasses and
31% forbs (Appendix A Table 3). Production on the mid glemaSemi-desert Grassland
Limy Slope site was 975 pounds per acre with approximately 6d8b season annual
grasses and forbs. Composition on this site was 11% st86&#%s grasses and 53% forbs
(Appendix A Table 4). Production on the upper elevation SEsert Grassland Granitic
Hills site was 595 pounds per acre with approximately 50%smasdon annual grasses and
forbs. Composition on this site was 25% shrubs, 32% grassk43% forbs (Appendix A
Table 5).
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The desert tortoises in the study area ate a greatsitiwef plant species. Both
observations and fecal samples indicated that tostaage prickly pear fruit, catclaw
acacia, curly mesquite, annual and perennial threeawns, ¢gobbe mallow and a variety
of other shrubs, forbs and grasses. At the low&stagons, slender janusia was a
preferred species. At the higher elevations where grasses abundant, grass was
dominant in the diets. A variety of forbs were conedrbut none appeared to be highly
selected. Tortoises were also often observed eatingugker grass and annual grasses and
forbs on the abandoned farm sites.

The general tortoise diet determined from visual obsemns showed a high
preference for grasses; 61.6% of the diet was grassespprroximately 31.2% sixweeks
threeawn Aristida adscensionis L.), 6.4% needle gramaBduteloua aristidoides (Kunth)
Griseb), followed by Arizona panicgrastrpochloa arizonica (Scribn. & Merr.) O.
Morrone & F. Zuloaga) at 3.6% (Appendix A, Table 1). Thganforage shrubs were the
fruits of Engelman’s prickly pearQpuntia engelmannii Salm-Dyck ex Engelm) 15.6%,
flattop buckwheat 2.8% and guajilla 2.1%. The major forage Weas filaree Erodium
cicutarium (L.) L'Hér. ex Aiton) at 2.8%.

The tortoise diets calculated from fecal samplastii@ Upper Sonoran Desert
Shrub study area, population Cell 5, showed a strong preterfen slender janusia, a
small woody vine, and constituted 65% of the diet (AppendiXahle 2). Grasses were
21% of the tortoises’ diets with threeawns making up 13.88ogaama grasses making up
2.3% of the diet. Approximately 14% of diets were forlt\globe mallow §haeralcea
ambigua A. Gray) making up 11.6%.Slender janusia also was the preferred diet item on
the Loamy Upland and Limy Slope sites the Semi-desert Grassland Areas. On the
Loamy Upland site in Cell 2, slender janusia made up 42.18teodliet with other shrubs
making up 5% (Appendix A, Table 3). Grasses were 45.2% ofdiets with threeawns,
curly mesquite and grama grasses making up 11.8%, 10.5%, ando8.2# grasses
respectively. Numerous forbs made up 7.8% of the diet.inAglander janusia was the
major shrub at 12.6% on the Limy Slope sites in C&lsnd 4 (Appendix A, Table 4).
Grasses made up 46.8% of the diets with grama grass 19%awm® 17.2% and other
grasses 10.6%. Forbs made up 38.3% of the diets with folotii (Lotus humistratus
Greene) 15.5% and globe mallow at 13.9%. Shrubs only made upd?.8% tortoise
diets on the Granitic Hills site on the Semi-desedsSlands in Cell 1 (Appendix A, Table
5). Grasses made up 82.7% of the tortoise diets on this/h grama grasses at 54.1%,
curly mesquite 14.7% and other grasses 13.9%. Forbs made up ¥4REd®ts on this
site; half of those forbs were globe mallow. Vauglfh®84) and Van Devender et al.
(1993) found similar diets for Sonoran desert tortoiseékanUpper Sonoran Desert Shrub
vegetation community in the Tucson Mountains and on Pic&dak. The results of the
microhistological (fecal) study of Mojave desert ¢tases by Hansen et al. (1976) in
western Arizona and southern Utah also had similarltee¢o those on the Semi-desert
Grassland areas of this study.
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Tortoise Health

The general health of tortoises on the study ares elmserved and recorded
throughout the monitoring period. The overall apparemttheof tortoises was good.
After major storm events tortoises tended to visitlitles more often and consumed more
calcium carbonate than during dry periods. This charatiters not fully understood but
may have some nutritional implications. Marlow andldstrup (1982) found similar
behavior in their study of the Mojave desert tortoise sunggest that female tortoises use
these sites to replenish their depleted calcium reseafter development of egg shell. The
eighteen year study revealed that all sexes and aljmygps commonly utilized the licks.
An unidentified species of tick was a fairly common ex&é parasite found on tortoises
across the studgrea but appeared to be isolated to locations along thdis.nethe
occurrence otactus spines was very common on the legs and neckstoités but no
abscesses were observed from these spines. Severah@ladies were observe@ome
tortoises, especially young ones, had part of a leg damagedssing. For example,
Tortoise #B, a 1984 hatchling, was first tagged in 1984 and recaptud&85; at some
time between the two sample dates the lower portion deftsfront forelimb had been
severed and was scarred over. This tortoise continulee teonitorecat several different
locations through the end of the study in 1997. Despit¢ ap@eared to be a devastating
injury that occurred at a very young age, this tortoisgicoed to be quite mobile and to
live and grow large enough for the observer to feelyfaidnfident in determining its sex
as a female in 1994. Several tortoises’ eyes were opadquapaeared to be blind. Both
eyes of Tortoise #173 on the western side of the stu@dyveeee opaque and that tortoise
was commonly associated with another tortoise that tisedsame den. A common
observation on many of the older tortoises was damagbet posterior marginal scutes.
The damage consisted of gnawed areas that in somereas®ged more than half of the
scute. A number of older tortoises had large portidrire shell on their costals missing
and some had bone showing on both the scutes and cogihls. damage was also
consistent with rat gnawing.

In August 1996 a cooperative health study was conducted in @iopewith Dr.
Vanessa Dickinson from the non-game branch of theoAazGame and Fish Department.
The intent of the study was to gain physiological infation about the free ranging
tortoises on the study area. Eight male and sevenldetmdoises were collected from
across the study area on August 27, 1996. These tortoisesexamined with the intent
to collect samplegor analysisfor upper respiratory tract disease (URTDMy¢oplasma
agassizii sp. nov.) (Brown et al. 2001), bacteria and blood chemistry

Each tortoise was immobilized when the samples waken byplacing it upside
down atop a three pound coffee can. Blood samples akea from the jugular vein and
nasal aspirates were taken by swabbing the nares afséini) them with saline solution.
Cloacal bacteria were collected from fecal mateaiad by swabbing the cloaca (Figure
21). For a more detailed description of these method®msé&@son et al. (1995). After
the samples were taken, each tortoise was rehydrategeloying a mix of normosol and
dextrose into the body cavity between the neck and fegn{Figure 22). The amount of
rehydrating solution given each tortoise was based on bi28% body weight. After the
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samples were taken and it was rehydratieel tortoise was observed for a period of time to
make sure there were no ill effects caused by #mellng and sampling. On August 28
each tortoise was taken back and released attéhram which it wasollected.

. Collecting tHeaxral bacteria sample from a desert
tortoisélwa swab.

Figure 22. Rehydrating theoise by injecting fluid into its
body cavit
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Blood and fecal samples and nasal and cloacal swales seet to the Animal
Diagnostic Laboratory Inc. at the University of Anmo in Tucson to evaluate blood
chemistry and the presence of URTD and cloacal bactAdditional blood samples were
sent to ANTECH Diagnostics in Irvine, California, toakate the blood hematology and
look for blood parasites. Additional blood samples werg 0 the University of Arizona
Department of Veterinary Science to evaluate the bfis@msina levels of vitamins A and E.

Immunological analyses indicated three tortoises sudpecdpper respiratory tract
disease (Table 4) although none of the three showed anycahggns of URTD as
defined in Jacobson (1991) and Brown (1994). Those suspectsnaieré#311 and female
#340 from population Cell 6 and male #394 from population CellThese cells are
located in the lower elevations of the eastern poiotie study area. Tortoises sampled
from the other population cells were all negative f&RTID. All tortoises sampled had two
of three different cloacal bacteria. Five tortoigese found to have several Pseudomonas
species; one of those tortoises was from Cell 3, mimises were from Cell 6, and two
were from Cell 7. No tortoises were found to havémBaella or blood parasitesit
appeared that all “normal” parameters were based updysasaf Mojave desert tortoise
data.

Table 4. Results of analyses of nasal swabs farlué&nd cloacal
exams of desert torteiffem the study area.

Cloacal Analysis
Toraoise LRTD Enteric Flora Pseudomonas spp Salmonella spp
205 F! neqg 2 + Mixed flora MHaone MHone
311 M?| Suspect | 3 + Mixed flora Mone Mone
318 neq 3 + Mixed flora Mone MHone
JEF neq 3+ Mixed flora MHone MHone
332 M neg 2+ Mixedflora 2 species MHone
340F| Suspect | 3 + Mixed flora Mane MHone
350 F neqg 3+ Mixed flora ? species MHone
341 F neq 3+ Mixed flora Mone MHone
373 neqg 3 + Mixed flora Mone MHone
394 M| Suspect | 3+ Mixed flora Mone MHone
400F ned 3+ Mixedflora 2 species MHane
441 F neg 3+ Mixedflora Mane MHone
442 neqg 3+ Mixed flora 3 species MHone
443 neqg 3+ Mixed flora Z species MHone
444 neq 3 + Mixed flora Mone Hione
"Female
2 Male

The blood chemistry analyses show some differencesbetthe male and female
tortoises sampled (Table 5). On average female tostoea higher triglycerides,
cholesterol, calcium and albumin levels than maleatapresented in Rostal et al. (1994),
Dickinson et al. (1995) and Henen (1997) show that these etelatels are consistent
with females that are probably in vitellogenesis, thecgse of yolk formation, via
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nutrients being deposited in the oocyte. The averagesl®feliric acid, total protein,
phosphorus, potassium and vitamins A and B did not gredfigr dietween male and
female tortoises. The hematological data show sdifferences in monitored parameters
between male and female tortoises (Table 6). Both aradefemale tortoises had higher
lymphocyte and eosinophil levels than normal. Lymptex ranged between 9% and
62% for the males and between 22% and 57% for the fem&esinophil levels varied
from 4% to 10% in the males and from 5% to 16% in the kesnaData in Dickinson et al.
(1995) and Jacobson et al. (1991) indicate that these higls lenay be in response to
infections by pseudomonas organisms and other infectBlofd platelets were estimated
to be adequate in all tortoises sampled.

Table 5. Blood chemistry asalyfor the tortoises sampled
on the studgaar

Sarnple Data Mormal®

Parameter Male Female Male Female
LIric acid mofdl 7.8 G.03 0-a

Tatal protein Sl ci 41| 2.4-44 256-44
Alburmin gidl 1.46 171 1.3-2.2 1.0-2.4
Cholesteral rrgfal 3.7 1476 20-171 | 109-361
Trialycerides rmgid| 281 2433 4-160 183.2-816
Calcium rmgfdl 9.3 147 8112 a.2-14a
Phosphorus maofdl 26 3.3 1-37 § 2.2-4
Potassium mef 4.0 38| 2748 § 2.6-4
Yitarmin A parmil 0.54 0.42( 0.08-8 | 00509
Yitamin E parmil 2.38 3.3 05104 § 05137

F Mormal lienits from data in Dickingon et al. 1995,

Table 6. Hematological data of the tortoises sampled on tngystrea.

sample Data Mormal
Farameter Unit| Male Female [ Male Female
Hemoglobin g/dl 1.3 1.4 83142 7E12
White blood cell estimate (kipl) | kil 8.5 1] 15102 1785
Heterophils . 354 321 46-81
Lymphocytes %o 3B JB9 323
Monocytes % 0.02 1.14 0-2
Azurophils o 6.1 94| 0-30 0-24
Eosinaphils Ya B.1 94| 035 | 088
Basophils o 7.3 aNa] 0-35
Platelet estimate Adeguate
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DISCUSSION

The experiences and results from this study of the 3ondesert tortoise in the
San Pedro Valley of southern Arizona identified tortqs@ulation characteristics in the
study area and sampling problems during the study. In additienstudy identified
numerous factors which influence the accuracy, precisiah iaterpretation of desert
tortoise population estimates.

Sampling Protocol

The sampling protocol for the eighteen year study periad @eveloped early in
the sampling process and remained consistent throughostuthg It was specific on
details of sampling but flexible enough in sampling dateadjast to when there was a
good probability to achieve a reasonable sample numbertofses. The primary author
of this paper and field crew members live within the studdaeand could make the
decision of when to sample in order to maximize sarsgle. Even though the same field
crew collected the data throughout the study period, eiewrprotocol was periodically
reviewed to keep sampling consistent between sample peridggropriate sampling
protocol is a major factor in determining estimated teei@opulations.

Sampling protocols for determining population estimates ssl$ must differ
from protocols developed for the purpose of inventory (tterdéne the presence of
tortoises). Inventory protocols require covering a laagea quickly and only one time.
Protocols for monitoring to determine population dynamiastmequire a more thorough,
deliberate and consistent search along sample limes éne year to the next. For
example, inventory plots were established in 1988 by Burdalband Management
personnel in the San Pedro Valley area (Schnell and Brb®88). Three of these plots,
in part, included areas within two of the population celéntified in this report. Only 2
tortoises were found for 30 hours of field time on thsee plots plus a fourth plot. The
eighteen year study recorded 91 tortoises on the segae Rata collected to determine if
tortoises are present in an area should not be cothpatte well planned monitoring plot
data.

Finding Tortoises

A major problem for observers during the early stagasisfeighteen year study
was just learning how to locate tortoises within thee¢hdifferent vegetation types,
different topographic regions and geologic units withia shudy area. Tortoise resting
locations and movement patterns were different ambeghree different vegetation and
terrain units. A key lesson learned to find tortoiseswivalking the cruise transects was
to occasionally stop and take sightings down the tranges listen, and watch for
movement.
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In addition to having to learn how to spot tortoises whetking a monitoring
transect route, the field crew needed to time sampliagvhen tortoises were active. The
greatest tortoise activity was generally observed aftarm events. An exception was in
July, August, and September of 1983 and 1984 when rainfall wab gneater than
average for the study area. Very few tortoises wéagerwed during this time frame.
Sample numbers were also low during the 1989 drought. Duda(£999) report similar
observations in their drought study on the Mojave tortois&hen precipitation was
adequate to produce excess forage, tortoises were |lass [@atause they did not need to
travel very far from the burrow to forage, and theyenaiso less active during drought.

Seasonal activities of tortoises during the eighteansyef this study were greatest
in July through September with highest activity in Augustfew tortoises could be found
during every month of the year, but not in great enoughbeus to obtain an adequate
sample to determine population estimates. These obmawvabf the Sonoran desert
tortoise are consistent with Averill-Murray and Klug (200)o state that “...spring and
winter activity increases with increasing rainfall durifgpde seasons. Spring foraging
appears to be important, especially for females, sin@gian follicles mature during
spring.” This period of activity is different from thaf the Mojave desert tortoise
population. Nagy and Medica (1986) found that in Nevada boeeground activity of
Mojave desert tortoises extended through the March amgeiNber warm seasons but
during the droughty period between June and early July ibeeground activity was
reduced. O’Conner et al. (1994) and Boarman and Beaman (2@@2}tsit the Mojave
desert tortoises are primarily active between MayJamgk and have a secondary period of
activity from September through October.

Spatial Distribution of Tortoises

The eighteen year study revealed that tortoises n@reandomly dispersed across
the study area. They were concentrated into sevendeftled “population cells”,
although there were numerous individuals observed at sfteey across the study area.
These cells were located on all three vegetation gmfytaphic units. They were located
on deep limy and clayey soils with fairly level to egteslopes and on very stony and
cobbly, shallow soils on hillsides at both lower etemas and upper elevations. These
population cells and interspaces between them revealebkpr with using small sample
areas (i.e. one square mile) for estimating populatymawohics. If a small plot falls within
a cell containing many tortoises, the sample provides la thigoise population estimate.
If the plot falls in an area outside a cell that corgdew or no tortoises, there will be a
bias downward in the population estimate. To achieve acgun estimating tortoise
populations, sample areas must be large enough to encobgiasareas of low density
and areas of high density.

Estimating Tortoise Populations
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The sample data over the eighteen years illustiat@ple characteristics over a
large range of sample sizes, numbers of tagged tortamskepraportions of newly tagged
to recaptured tagged tortoises in the sample. Annualgerpmpulation estimates can be
compared and biases in tortoise sampling can be identified.

Between 1980 and 1984 there were 37 tortoises tagged on the igadyra 1984,
20 tortoises were sampled; nineteen of these torteises newly tagged and 1 tortoise
was a recapture. A population estimate was calculateth usiese numbers and the
estimated population was 740 tortoises. This is an obviolisraddita point, as it was not
until 1990, with approximately 400 tortoises tagged, that the populastimate again
exceeded 700.

The answer to why such a high estimate occurred in 1984 cdoubd by
examining the primary assumption of the Lincoln Indexduse calculate estimated
numbers for this study. This assumption is that the ptiopoM/N = x/n. This proportion
is equal when the cross products of the proportion are,dduatNx or N = nM/x. M is
the number of tortoises tagged, N is the population estinxats the recaptured tagged
tortoises, and n represents sample size. Sangagr) is the sum of the newly tagged
tortoises and recaptured tagged tortoises. Random saffitpesdinomial distribution
except when a very small portion of the tortoise poparias tagged.

When the number of total tagged tortoises is a smallguodi the total population,
finding a tagged tortoise is a rare event. The probglafifinding a rare, tagged tortoise
does not fit a binomial distribution curve. The probapiturve is skewed to a higher
probability of finding a low estimate of the tagged todesigPoisson distribution). The
ratio of x/n in the 1984 sample is 1 to 20. This low egentd x biases the population
estimate upward. Low precision with small sample numb#ensifies the problem.

From the beginning of the study in 1980 until 1988, the newdgdd tortoises
were more abundant in the sample data than recaptuygdddortoises, except for in
1986. In the 1986 sample of 41 tortoises, x/n was near 1 tdH& sample ratio of x/n in
1987 is about 1 to 3. With a sample number near 125, this 1987sratimore precise
estimate of an expected ratio of x/n at this timehm study. The 1 to 2 x/n ratio in the
1986 sample resulted in a relatively low tortoise populaggtimate, apparently due to low
sample precision associated with the low sample size.

The summer of 1989 was very dry and the sample number droppedl83 in

1988 to 67 in 1989. The x/n ratio shifted to 2 to 3, with recaptiagged tortoises
representing more than half of the sample populatioatin® this period of the study, the
expectation for the ratio should have been about 1 bastd on 1987 and 1988 data with
higher sample numbers and better sample precision. sfifteto a 2 to 3 x/n ratio was
extreme and resulted in a lowered estimated tortoise g@ignul This low estimate appears
to be the result of low precision with a relativledy sample size. The sample size of 67 is
less than 10% of the estimated population determined in 1990.
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A sample protocol which is biased to improve the probgwlitfinding recaptured
tagged tortoises (X) results in low population estimatédéso, observations during this
study found that newly tagged tortoises were recaptured fdguidhe same year as
tagged, often multiple times. This was assumed to caukevnward bias in population
estimates, so population estimates were computed witth@utnewly tagged tortoise
numbers for the year in which they were tagged. Dataatell with a sample protocol to
mark and recapture during the same sample season likélgweil estimate x and have a
bias to underestimate tortoise populations.

Sample numbers in both 1988 and 1990 were the highest fortuthe geriod
(about 180). This is a 25% sample of the 1990 populationastinThe x/n ratio in 1988
was slightly less than 1 to 2 and in 1990 slightly gre#itan 1 to 2. The summer
precipitation was near average. Between 1988 and 1990, thpdrigim of newly tagged
tortoises in the sample during the first years of theysshifted to being the lower portion
of the sample for the rest of the study. The nunabéagged tortoises at the beginning of
1988 was near 300 and near 400 at the beginning of 1990. Theatd#opr is that the
tagged portion of the population is near 50 percent atithésperiod of the study, and the
population mean can be estimated to be between 600 and BOestimate of confidence
intervals closely matches the calculated confidentervals for the tortoise population in
1990 which is near 708 100 tortoises.

The 1992 data represent another year with a low (near dfplesmumber. The x/n
ratio for this sample is about 1 to 2 and is an undémate of the recaptured tagged
tortoises, compared to 1992 data with a 2 to 3 x/n ratogaeater sample number. The
low estimate of the recaptured tagged tortoises (x) iserkahe estimated tortoise
population. This result reinforces the observation dhabver estimate of x provides a low
population estimate, and an under estimate of x resudtfigh estimate of the population.

The declining rate of increase in the cumulative toggea tortoises after 1990 is
expected, as there are fewer and fewer untagged torteis@sning in the population. In
fact, with a continuation of the study until all todes are tagged, the ratio is expected to
approach x'/n =1 and N = M. The x/n ratio, howevamaias near 2 to 3 for the 1993 to
1997 period. This lower than expected x/n ratio incretigesortoise population estimate.
The implication is that the approximately 30 newly taggatbises each year represent
recruitment to the population.

The tortoise population at the end of the study is beishated by the 1996 data,
as it is based on a greater sample number and is aprecise estimate than the 1997
sample data. The 1996 estimated tortoise population a2B8tBesquare mile study area is
near 800t 200 tortoises, an average of B4 tortoises per square mile, but not randomly
distributed. This estimate is an increase of 100 tortees the 1990 estimate of 780
100 tortoises (3Gt 4 tortoises per square mile). This increase in estimetedise
numbers from 1990 to 1996 cannot totally be attributed to re@nitin the population.
The cumulative number of tagged tortoises (M) also rdmries a bias toward higher
population estimates, as the assumption is that aliatiiged tortoises are still alive. The
sample of dead tagged tortoises is too small to provide anatstof tagged tortoise death
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loss, so information is not available to determinghié# recruitment may represent an
increasing or stable tortoise population.

Two brief experimental samples were made on two reiffe population cell
locations in September of 2009 by field crew members invalvélte eighteen year study.
Precipitation in the summer of 2009 was well below ayera The first sample day
involved two observers who spent nine man hours and oloséB/¢ortoises, 3 of which
were already tagged and 10 were not tagged. On the secpnapgeoximately 5 hours
were spent by one observer who located 4 tortoisesofwehich were tagged and two
were not. Thus, 14 man hours of survey found 17 tortoiseagded (during the 1980 to
1997 study) and 12 untagged. Sample size was small but diveslstt tortoises are still
present in 2009, and the population includes both tagged and whtemygeses. New
recruitment to the population over the twelve yearsesthe end of the eighteen year study
could account for the relatively higher portion of untagtpetbises in this small sample.

Livestock Grazing Effects

The following photos, taken near population Cell 5, reveal that trgetation
throughout the study area has undergone a very strikiaggehbetween 1904 and 2009
(Figure 23). The upper photo, taken in 1904, shows an open aadgeith scattered
shrubs, mostly jojoba. The lower photo, taken in 2009wsha similar area with
numerous palo verde, cactus, jojoba and other shrulms.dodumentation exists on the
numbers of tortoises in this area in 1904 or how tortoisebeus were affected with the
increase in livestock numbers between the early 190@'shenmid 1930’s. Regardless of
past grazing history, there appears to exist a reasorzagly population of tortoises across
this area. At no time during or after this study have dhmplers ever observed any
interaction between livestock and tortoise. No tortale:m was found collapsed or
otherwise impacted by livestock nor was any tortoise ewmend crushed by a livestock
hoof.

The data show that estimating the densities of démeoise on the four different
livestock grazing systems gave mixed results. The heawdbedrpasture and the pastures
that were managed under a rest rotation system had dheshitortoise densities. The
lightly grazed pasture had a lower tortoise density titherethe rest rotation system or the
heavily grazed pasture. The moderately grazed pasturebéndmvest tortoise density of
all the pastures. Tortoise densities on the differeatigg systems were confounded by
differences in vegetation, topography, soils, and theildision of tortoise population cells
on specific favored habitat within the different vegetatand terrain units within these
pastures. The heavily grazed pasture had two cells; ohkackkteeply dissected terrain
on deep limy soils and the second cell had very shadtowy soils. There were very few
flat to gently sloping areas in this pasture. The resttioot pasturespastures in which
livestock are seasonally grazed at different timeshef ytear,were very similar to the
heavily grazed pastuiia that they containechore than one tortoise population cell. One
cell was on the same steeply dissected terrain wieh tmy soils similar to that found on
the heavily grazed area. Two of the cells appeared gnshallow stony to cobbly loam
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soils that have numerous rock outcrops. The modenatéightly grazed pastures had one
cell each that were on very shallow stony soils. he@dhese last two pastures had a large
amount of terrain that is relatively flat with deepdg soils.

Age and Sex Ratios of Tortoises

There were 242 male tortoises observed throughout the stitlyapproximately
7% of the males very old, 21% old, 12% young and 1% very yduagle 3). Two
hundred and eight female tortoises were observed withozipmpately 4% of them very
old, 18% old, 16% young and less than 1% very young. Approxiyna& of the
population was sub-adults which were too young to have skgidetermined. Population
Cell 1 had the highest number of sub-adult tortoisemsions than any of the other cells.
There appeared to be sufficient recruitment of youngglaece death loss.

Tortoise Diets

The tortoise diets on the lower elevation showestrang preference for slender
janusia (65%), a small woody vine, followed by grasses (2d%d)forbs (14%). Tortoises
on the mid elevation sites also showed a preferencgender janusia. At mid elevations,
47% of the diet was shrubs (42% was slender janusia)egrasse 45% and forbs were
8%. The diets of tortoises at the higher elevation®8&6 shrubs, 83% grasses and 14%
forbs. The diet data from the New Water Mountains n@ana, the Grand Canyon in
Mojave County and the Beaver Dam Wash in Washington @oUtah, are very similar
to the diets of tortoises in the higher elevationshif study area (Hansen, et. al. 1976).
Slender janusia was also a preferred species in thoee Htudies. Tortoises were
observed eating tortoise dung in both the Hansen stodyirathis eighteen year study.
Overall tortoises had a varied diet.

Tortoise Health

No tortoises were observed with swollen eyes or runsesior other symptoms of
upper respiratory disease. No report of concern wasved from the Arizona Game and
Fish Department regarding their testing of 15 tortoisesifthe study area in 1996. No
tortoise was ever observed with lesions or diseasisofarapace. Several tortoises
appeared to be blind or partially blind. Some had portions af thgs missing but
appeared to be able to recover from the injuries. Manyghaded areas on their posterior
marginal scutes, which were probably caused by wood rats. tddnyses were observed
with cholla spines stuck in their legs and necks but ncesises were observed. An
unidentified tick specie was observed on a number ofisegdbnecks. Few dead tortoises
were observed throughout the eighteen year study. [Dwaeapparent health of tortoises
on the study area was good.
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Figure 23.Photos illustrating change in vegetation in the Dudisyvi
Arizona, areavibeen 1904 and 2009. The lower photo
was taken nearupper photo location.
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CONCLUSIONS

The monitoring study reported in this paper is unique in thatsiatial area
monitored was large at 23.3 square miles, it was long dur@tighteen years), a large
number of tortoises were tagged (577) and the sampling crewhe@asame throughout the
study period.

To achieve precision and accuracy in collecting tortaiata, it is essential to
develop a written sampling protocol that is specific amsling details but flexible enough
in dates for sampling to adjust for achieving a reasonaioigling of tortoises. It is also
imperative that the written protocol be periodicakviewed by the monitoring team to
maintain consistency in the monitoring data betweenpBagiperiods. Knowledge and
experience of samplers is crucial in order to locatmises across different geologic and
vegetation units.

Tortoise activity was dependent upon temperature, seasdnpeatipitation.
Greatest activity was observed after summer stoentewhen male, female and juvenile
tortoises commonly congregated in areas with depofsitaloium carbonate (licks) where
they ate the limy soils and mated and where the numgteasion was displayed by the
males. Licks appeared to play a crucial role in tortdistribution. Tortoise activity was
greatly reduced by drought.

Tortoises on the study area were mainly in seven wefletepopulation cells that
were located either on steeply-sloped rocky topograptty @abbly to stony shallow soils
or on fairly dissected topography with limy soils. Tgapulation cells were present in the
three different vegetation types and at the diffetepographies at different elevations.
No population cell was located on flat topography widmdy to coarse sandy soils
although widely dispersed individual tortoises were obskrve these areas. These
population cells and interspaces between cells illustitatenecessity for appropriate
experimental design. If small study areas are placighirnthe population cells there
would be a high tortoise population estimate; conversebmall study areas are placed
between population cells there would be bias downward ipdpelation estimate

When the total number of tagged tortoises is a smallgrodf the total tortoise
population, the tendency is to over estimate the totpllption. When the number of
tagged tortoises nears or is greater than 50% of the populdien the population can be
estimated with greater accuracy. The lack of knowledgdeath rate and recruitment
further complicates making further population estimatds.cannot be assumed that
tortoises that were unobserved for ten or moresye@re dead. The estimated population
of tortoises on this 23.3 square mile study area was8@€at 200 tortoises which equates
to an average density of 34 + 9 tortoises per square mile.
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Generalities about the effects of livestock grazingdesert tortoises should be
avoided unless they can be placed in the context of aingraregime, effective
precipitation, habitat type, topography, and tortoiseab®n and requirements. Tortoise
densities between heavily grazed and rest rotation systares similar. The lightly
grazed system had the lowest tortoise density. This dotesnply by any means that
heavy livestock grazing is beneficial to tortoise densitield appeared that tortoise
densities were affected by soil, topography and vegetatidrhad little or no relationship
to livestock grazing or grazing systems.

There appeared to be appropriate ratios of male to éemmal young to old tortoises
in the study area. Recruitment of young tortoises appdarbe adequate to replace death
loss, however actual death loss was unknown sineedfead tortoises were observed.
Tortoises had a varied diet that consisted of a miaflss, grasses and forbs. No tortoise
health concerns were illuminated in this study. Alldses appeared to be healthy. Many
endured common maladies stemming from everyday activitigsthey were healthy
enough to recover.

It is concluded that poor performance and bias of sampitimgedures is driven by
insufficient study length and plot sample size, incdasis methodologies, inconsistent
technician expertise and an overall lack of knowledgdeskrt tortoise behavior and life
needs. It is essential that all efforts must bealed to increasing numbers of tortoises
found in order to produce reliable results. Our results stigtat presently utilized
methods may not be capable of accurately estimatingtded®ise populations.
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APPENDIX A

Table 1. Composition of tortoise diets calculats@aercentage of visual observations of
tortoises foraging, 1980-1990.

Table 2. Annual vegetative production, species amsiifpn, and tortoise diet composition on a
Loamy Upland range site within the Central Ariza&8®sin and Rang€pper Sonoran
DesertShrub Major Land Resource Area (Sample locatioR&gulation Cell 5).

Table 3. Annual vegetative production, species amsitpn, and tortoise diet composition on a
Loamy Upland range site within tB®uthern Arizona Semi-des&tassland Major
Land ResourceArea (Sample locatiof#fulation Cell 4).

Table 4. Annual vegetative production, species amsitfpn, and tortoise diet composition on a
Limy Slope range site within tB@uthern Arizona Semi-desé&tassland Major Land
Resource Area (Sample location #12uRadion Cell 4).

Table 5. Annual vegetative production, species amsitpn, and tortoise diet composition on a

GraniticHills range site within tiuthern Arizona Semi-des&tassland Major Land
ResourceArea (Sample location #12uRdjon Cells 1 and 2).
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Table 1. Composition of tortoise diets calculatecagercentage of visual observations of tortoises
foraging, 1980-1990.

(n=141)
Perennial (P) %
Species Anh(A) Comp.
Shrubs
Calliandra eriophylla P 2.1
Eriogonum fasciculatum P 2.8
Janusia gracilis P 1.4
Opuntia engelmannii P 15.6
Simmondsia chinensis P 14
Total 23.3
Grass
Aristida adscensionis A 31.2
Aristida arizonica P 0.7
Aristida glauca P 14
Bouteloua aristidoides A 6.4
Bouteloua curtipendula P 0.7
Bouteloua filiformus P 0.7
Bouteloua rothrockii P 0.7
Cynodon dactylon P 2.1
Bouteloua barbata A 0.7
Bromus rubens A 0.7
Festuca octoflora A 0.7
Hilaria belangeri P 2.8
Muhlenbergia microsperma A 14
Panicum arizonicum A 3.6
Setaria macrostacha P 0.7
Tridens muticus P 2.1
Tridens pilchellus P _ 05
Total 61.6
Forbs
Amaranthus palmeri A 14
Ayenia pusilla P 0.7
Boerhaavia coulteri A 2.1
Cassis bauhinioides P 0.7
Erodium cicutarium A 2.8
Eriogonum deflexum A 0.7
Euphorbia spp AP 14
Perezia nana P 0.7
Perezia wrightii P 0.7
Porophyllum gracile P 0.7
Sida neomexicana. P 07
Total 12.6
Other
Tortoise dung _ 07
Total 98.2

44



Table 2. Annual vegetative production, species aasitpn, and tortoise diet composition on a Loamy
Upland site within the Central ArizoBasin and Ranggdpper Sonoran DeseBhrub Major
Land Resource Area (Sample locatiéhRbpulation Cell 5).

Tortoise Diet

Perennial (P) Production %
Species ndal (A) Ib/A Comp. % Conp. *
Shrubs
Calliandra eriophylla P 166 11.2
Cercidium microphyllum P 18 1.2
Eriogonum fasciculatum P 48 3.2
Haplopappus laricifolius P 10 0.7
Janusia gracilis P 48 3.2 65.0
Menodora scabra P 44 3.0
Simmondsia chinensis P 392 26.5 .
Total 726 49.0 65.0
Grass
Aristida spp. AP 90 6.1 13.6
Bouteloua spp P 2.3
Bromus rubens A 432 29.2
Festuca octoflora A 1 0.1
Hilaria belangeri P 1.3
Hordeum pusillum A 19
Schixmus barbata A 28 1.9 0.4
Unknown - == 1.9
Total 551 37.3 21.4
Forbs
Astragalus sp. A 1 0.1
Ayenia pusilla P 1.7
Erodium cicutarium A 164 111
Eriastrum diffusum A 2 0.1
Eriophylum pringlei A 4 0.3
Lotus humistratus A 1 0.1
Pectocarya setosa A 8 0.5
Plagiobothrys arizonicus A 4 0.3
Plantago purshii A 20 14
Sphaeralcea ambigua P 11.6
Unknown - - 0.4
Total 204 13.9 13.7
Total 1,481 100.2 100.1
*n=2
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Table 3. Annual vegetative production, species casitpn, and tortoise diet composition on a Loamy
Upland site within th8outhern Arizona Semi-des@&tassland Major Land Resource Area

(Samplelocation #7 Population Cell 2)

Tortoise Diet

Perennial (P) Production %
Species ndal (A) Ib/A Comp. % Conp*
Shrubs
Acacia constricta P 0.3
Acacia greggii P 12 1.2 15
Calliandra eriophylla P 154 154
Eriogonum wrightii P 26 2.6
Haplopappus tenuisectus P 4 0.4
Hymenoculea monogyra P 11
Janusia gracilis P 42.1
Opuntia violacea P 38 3.8
Prosopis juliflora P 18 1.8
Simmondsia chinensis P - === 0.3
Total 252 25.2 47.1
Grass
Aristida spp. AP 46 4.6 11.8
Bouteloua spp P 140 14.0 8.2
Bromus rubens A 106 10.6 0.5
Cynodon dactylon P 11
Eragrostis spp. AP 0.5
Festuca octoflora A 2 0.2
Hilaria belangeri P 140 14.0 10.5
Hordeum pusillum A 0.3
Lycurus phleoides P 0.3
Muhlenbergia spp AP 0.5
Panicum arizonicum A 5.0
Trachypogon sp. P 2.2
Tridens pilchellus P 0.3
Unknown - - 4.0
Total 434 434 452
Forbs
Ayenia pusilla P 0.5
Erodium cicutarium A 84 8.4
Franseria confertiflora P 2 0.2
Lotus humistratus A 2 0.2 0.3
Lupinus sp P 1 0.1 15
Pectocarya setosa. A 6 0.6
Plagiobothrys arizonicus A 12 12
Plantago purshii A 174 17.4
Sida sp. A 0.3
Sphaeralcea ambigua P 26 2.6 18
Sida sp. A 7.1
Stephanomeria pauciflora A 0.3
Unknown - - 34
Total 307 30.7 7.8
Total 993 99.3 100.1
*nN=6

46



Table 4. Annual vegetative production, species casitpn, and tortoise diet composition on a Limjoj&
site within th&outhern Arizona Semi-des&tassland Major Land Resource Area (Sample
location #12 Population Cells 3 and 4)

Perennial (P) Production % Tortoise Diet
Species ndal (A) Ib/A Comp. % Conp*
Shrubs
Acacia greggii P 0.3
Calliandra eriophylla P 18 1.8
Encelia farinosa P 22 2.2
Eriogonum wrightii P 20 2.0
Haplopappus laricifolius P 2 0.2
Janusia gracilis P 12.6
Hymenoclea monogyra P 15
Krameria parvifolia P 0.3
Simmondsia chinensis P 46 4.7 ===
Total 108 10.9 14.7
Grass
Aristida spp. AP 2 0.2 17.2
Bouteloua spp P 46 4.7 19.0
Bromus rubens A 232 23.7
Festuca octoflora A 1 0.1
Hilaria belangeri P 42 4.3 2.1
Hordeum pusillum A 0.5
Muhlenbergia spp AP 11
Panicum arizonicum A
Tridens pilchellus P 26 2.7
Trachypogon sp. P 0.5
Unknown - == 25
Total 349 35.7 46.8
Forbs
Ayenia pusilla P 0.5
Descurainia Sophia A 6 0.6
Erodium cicutarium A 346 354
Euphorbia sp. AP 14 1.4
Franseria confertiflora P 10 1.0
Lotus humistratus A 155
Pectocarya setosa. A 4 0.4
Perezia wrightii P 0.3
Plagiobothrys arizonicus A 10 1.0
Plantago purshii A 120 12.3
Sida sp. A 7.1
Sphaeralcea ambigua P 2 0.2 13.9
Stephanomeria pauciflora A 0.5
Tragia sp P 6 0.6
Unknown = - 05
Total 518 52.9 38.3
Total 975 99.5 99.8
*nN=6
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Table 5. Annual vegetative production, species casitfpn, and tortoise diet composition on a Graniills
site within th&outhern Arizona Semi-des@&tassland Major Land Resource Area (Sample
location #12 Population Cell 1).

Tortoise Diet

Perennial (P) Production %
Species nial (A) Ib/A Comp. % Conp. *.
Shrubs
Calliandra eriophylla P 118 19.8
Clematis drummondii P 18
Dasylirion wheeleri P 6 1.0
Eriogonum wrightii P 2 0.3
Krameria parvifolia P 24 4.0 1.0
Total 150 25.1 2.8
Grass
Aristida spp. AP 6 1.0 5.0
Bouteloua spp P 78 13.2 54.1
Bromus rubens A 104 175
Festuca octoflora A 2 0.3
Hilaria belangeri P 5.0
Trachypogon sp. P 14.7
Unknown - - 3.9
Total 190 32.0 82.7
Forbs
Anemone tuberose P 1.8
Amsinckia intermedia A 1 0.2
Cassia covessii P 1.8
Erodium cicutarium A 100 16.8
Euphorbia sp. AP 58 9.7
Evolvolus sp P 2 0.3
Lotus humistratus A 1 0.3
Pectocarya setosa A 2 145
Plantago purshii A 86 2.9
Sphaeralcea ambigua P - == 7.9
Unknown 255 42.9 14.4
Total
Total 595 100.0 99.9
*n=2
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