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REPORT TO THE FISH AND GAME COMMISSION: 
A.Status Review of the 

Mohave Ground Squirrel (Sper.mophilus mohavensis) 

EXECUTIVE SUMMARY 

This report was prepared in response to a petition submitted to the Fish and 
Game Commission (Commission) by :the Kel;'n County Department of Planning and 
Development Services. The petition requested the delisting of the Mohave 
Ground Squirrel (Spermophilus mohavens~s) as a Threatened species. 

On April 2, ~992, the Commission accepted for consideration the petition to 
delist. Pursuant to Section 2074.6 of the Fish and Game Code, the Department 
ofFish and Game (Department) undertook a review of the petition. Based on 
the best scientific information available on the Mohave Ground Squirrel, the 
Department has evaluated whether, in .fact,the petitioned action should be 
·taken by the Commission. Information and comments on the petitioned action 
and on the Mohave Ground Squirrel were solici'ted through a public notice .from 
interested parties,management agencies, and the scienti'fic community. 

This report presents the results of our review .and analysis. 

ANALYSIS OF PETITION 

A petition must ,be in the formatauthorized~bythe Commission and specified in 
Section 670.:1. (a) " Ti·tle ],4, California Code of Regulations. The format is 
specified in Section 670.~(a) as being that of form FGC-670.~ (3/.90). This 
form requires ·thesupporting information to be presented under specif.ic 
headings. 

,The petition from the County of ,Kern to delist the Mohave Ground Squirrel 
contained information under the specified or similar headings. However, the 
content of no section under these headings in the 'petition-metthe requirement 
of form FGC-670.~ (3/90). The table beginning on the next page summarizes the 
cqntent of the petition. 

The information deficiencies of the County .0fKern petition led the Department 
to conclude:.that the petition did' not satisfy the ,contE7nt :requirements' of 
petition -form .FGC-6870.:1. (3/.90). Inaddition,thepetlition did not contain 
sufficientscient'ific information to support the petitioned action (to del'ist 
the Mohave Ground Squirre,l), asrequired,';by Section 670,.,·]. of the California 
Code of Regulations (and by Section .2072.3 of the Fish and Game Code). Thus, 
the petition did not meet the two tests, o.f Section 6070. J. in order for . the 
petition to be accepted by the Commi·s'sien .• ,T,he ,pe.tition.£ailed to meet the 
content requirements and fa-iledto provide sufficient scientific .information. 
This analysis was the basis of the Department's recommendation ·to the 
Commission in February ],992 that the petition should be rejected . 

.For purposes of' this status review, the .Department ,analyzed the statements 
made in the petition to delisttheMohave Ground Squirrel and found that'many 
statements were inaccurate, misleading, or irrelevant to the issue as to 
whether the squirrel should be delisted. The petition failed to provide any 
substantive information to .support the conte'ntion that the squirrel .should be 



TABLE. 'Comparison of Content Requirements for a Petition and Actual Contents 
o£ the County of Kern's' Petition. ' 

Section of Petition 

Executive Summary 

Executive Summary 

Species Description, 
Biology, and Ecology 

, Habi tat Requi rements 

Distribution 

Distribution 

Required Contents 

A statement of ,why State listing is no longer 
warranted and why one or a combination of the 
following six endangerment factors no longer 
threatens the existence of the species to be 
delisted: 1. present or threatened 
modi,fication or destruction of its habitat; 
2. overexploitation; 3. predation; 
4. competition; 5. disease; 6. other natural 
occurrences or human-related activities 

A brief summary of each section of the petition 

Pertinent available information on the biology 
of the species, specifically on identification, 
taxonomy and systematics, seasonal activity, 
reproductive biology, mortality, natality, 
food habits, and role in the ecosystem 

A description of habitat features that are 
important to the surviva,l of' the species, 
specifically plant cOllllK.lnity, sOH,cl imate, 
topography, natura l di sturbance,' interact ions 
with other species, associated species, 
'elevation, wintering habitat, breeding 
habitat, foraging habitat 

How current distribution reflects ,recovery 
'of the species since listing, percentage of 
historic distribution that is in e,xistence, 
the number of known occurrences of the 
species, a discussion of the degree of 
habitat fragmentation, and a description 
of the quality of existing habitats 

Maps showing the distribution of the. species: 
one of California, showing general 
distribution within the State, and a 
topographic'map showing location of 
occurrences of the species and portraying 
historlc as well as current distribution. 
Each ·map must be 'labeled with the base'map 
name and sca l e of map 

iv 

Contents, of County of Kern Pet i t i on 

The petition did not address or 
even mention these factors. 

'The petition did not summarize 
its sections 

The petition included some 
information on identification, 
food habits, habitat, and 
seasonal activity., The petition 
did not mention reproductive 
biology, mortality/natality, or 
role in the ecosystem, even, 
though sources of information 
on these topics are available. 
The petition misstated results 
of scientifi.c work on taxonomy. 

'The petition addressed'only 
plant cOllllK.lnity and 'topography, 
even though sources of 
information are available on the 
othe!, topics. 

The petition addressed 
none of these topics. 

The petition contained no map of 
,California. A map labeled "Mojave 
Ground Squirrel Habitat" was in­
cluded; it evidently illustrates 
current distribution, but histor­
ic distribution and occurrences 
of the Mohave Ground Squirrel are 
not shown. There is no informa­
tion on the name of the base map 
used or the scale of the map. 



Section of Petition 

Abundance 

Nature and Degree 
of Threat 

Current Management 

Recommended 
Management/Recovery 
Measures 

Information Sources 

Required Contents 

Historic and current population trends; 
explanation of population changes relative 
to human-caused impacts or natural events 

Why any one or a combination of six 
endangering factors (listed under Executive 
SLJlIl1ary)no longer threatens the existence. 
of the species. 

A description of ongoing protective measures 
or existing management plans for the species 
or its habitat; informat'ion on lalid 
management act.i vi ties that are impact i ng 
portions of the range and information on 
proposed land use changes. 

A description of activities that may be 
necessary to ensure future survival of the 
species after delisting' 

A citation of literature, specimen collection 
records., 'and other pertinent 'reference 
'materials; 'a list of names, addresses, and 
tel.ephone nunbers of persons providing 
unpublished information or supporting the 
delisting 

v 

Contents of County of Kern Petition 

The petition mentioned specific 
studies but misinterpreted the 
reported results. The petition 
did not address human-caused 
impacts. 

The petition does not mention or 
address these factors. 

The petition proposed several 
programs that purportedly would 
protect habi tat of -the squi rrel 
in the absence of State listing. 
lhe petition did not address 
activities which are impacting 
the range of the Mohave Ground 
Squirrel, and did not mention 
proposed land use changes. 

The petition combined -this 
section w.iththe previous one on 
Current Management (see -the 
comments therein). 

lhe petition listed some sources of 
information on the-Mohave Ground 
Squirrel: other sources, including 
several· important ones, were not 
included. Some included sources 
were listed incorrectly. No list 
uf persons supporting delisting 
was included. 



delisted. The petition systematically and pervasively misinterpreted, 
misstated, and ignored factual information from the available literature which 
would weaken its position for delisting. This observation is not only that of 
the Department. 'It was mentioned by a number of persons who wrote to the 
Department in response to the public notice on the.petition. 

FINDINGS 

Threats 

The major threats to the survival of the Mohave Ground Squirrel are drought, 
habitat destruction, habitat fragmentation, and habitat degradation. Drought 
is a naturai phenomenon which results in decreased productivity (quantity, 
quality, and diversity) of annual plants (forbs and grasses) and shrubs in 
local· areas. A single year of low ra'infall may result in decreased 
productivity. The Mohave Ground Squirrel seems to respond to low rainfall and 
the resulting decreased food-supply by failing to reproduce. The decreased 
quality of the habitat also affects survivorship of adult'squirrels. 
Prolonged periods of drought result in the extinction of,Mohave Ground 
Squirrels in 'local areas. When a population of the squirrel is extirpated, it 
may take years for the species to .repopulate the vacant area. Extirpation and 
repopulation are natural events, .. but currently the ability of the Mohave 
Ground Squirrel to reestablish itself in areas of extirpation is impeded and 
often precluded by the .pattern of human, ,development in the desert, 

The major cause of decline of the Mohave Ground Squirrel has been the 
destruction of its habitat .by humans .for the purpose of development for urban, 
suburban, agricultural, military, or other uS.e .. Habitat destruction has 
occurred throughout the range of ·the squirrel. Currently, over 165,000 acres 
within .the range are urbanized. When the delineated spheres' of influence of 
the urban areas are completely built out, over 750,000 acres of former habitat 
of the species will have been lost. 

Rural development currently accounts for 215,000 additional acres of .lost 
habitat. Current agriculture occupies almost 40,000 acres. Disturbances of 
the desert s~rface for uses other than urban, rural, and agriculture cover 
another 209,000 acres. The latter figure does not include paved and unpaved. 
roads within the range of the Mohave Ground Squirrel . 

. Fragmentation of' habitat is another cause of. decline of the Mohave Ground 
Squirrel. The phenomenon of fragmentation occurs when' blocks of habitat 
become separated or·discontinuous by destruction of the intervening habitat. 

'Pqpulations of animals thus become separated, and gene flow (the transmission 
of inheritable characteristics) between these populations no longer occurs .. 
If the population in an isolated block becomes extirpated, there is no natural 
method. for other Mohave Ground Squirrels to find their way to the new 
unoccupied habitat. 

Degradation of habitat is a third cause of the decline of Mohave Ground 
Squirrels. This occurs in cases in which the habitat is not destroyed but is 
damaged by natural or human-induced means. The primary causes o~.human­
induced degradation of habitat are off-highw~y vehicles and livestock grazing. 
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Management Activities 

The Mohave Ground Squirrel was listed as a Rare species by the California Fish 
and Game Commission on May 21, 1971, under authority of the State Endangered 
Species Act· of 1970. The listing was effective on June 27, 1971. TheMohave 
Ground Squirrel was redesignated as Thr~atened when the new California 
Endangered Species Act (CESA) was signed into law in 1984· and became effective 
on January l, 1985. 

The Department conducted field studies in 1972, 1977, and 1990 to determine 
distribution of the squirrel. Other agencies have conducted or contracted for 
studies which resulted in knowledge of the habitat .and distribution·of the 
squirrel. The U.S. Bureau of Land Management (BLM) prepared the California 
Desert Area Conservation Plan in 1980 after conducting several years of 
studies. As a result of the plan, two areas to protect the Mohave Ground 
squirrei and its habitat were proposed. 

Survey guidelines for live-trapping were required by the Department in the 
period of 1988 through 1991 f.or consulting biologists who wished to determine 
the presence or absence of the Mohave Ground Squirrel on a project site within 
the range of the species. The Cumulative Human Impacts Evaluation Format 
methodology replaced ~i"Ve-trapping .after biologists reported that Mohave 
Ground Squirrels at times would not enter baited live-traps even though the 
animals were present on the trapping site. Thus, trapping surveys which 
concluded that no Mohave Ground Squirrels were present because none had been 
captured were often suspect, even though the Department's survey guidelines 
had. been stri'ctly followed. 

CESA prohibits the taking of a State-listed species. State lead agencies may 
be allowed to take a listed species under Section 2090 of CESA i'f the taking 
is incidental to carrying out an otherwise lawful project under 'the California 
Environmental Quality Act (CEQA).. CESA does not authorize incidental taking 
for other than State lead agencies. However, Section .2081 does authorize the 
Department to permit take for educational., scientific, or management purposes 
.only. Non-State development which adversely affects a listed species by 
taking is 'prohibited unless the Department issues a permit "for management 
purposes. 

The Department, ·the BLM, and the U.S. Fish and Wildlife Service have entered 
into a cooperative process to'produce and implement a West Mojave Coordinated 
Management Plan in order to protect habitat of the Mohave Ground Squirrel and 
the Desert Tortoise. All agencies having.~and-management and! or regulatory 
ju:r:isdictioIi affecting.the:.target-species .have been invited·toparticipate in 
the planning process , but no agency will be required to' participate. Both 
pUblic and private lands within the planning area will be addressed by the 
plan .'"' '" . ,. - .. ,,-... "._.. . --.. '" .. .. . 

Management zones for the Mohave Ground Squirrel will be selected to ensure 
long-term'survival of populations distributed throughout. the range of the 
species and to ensure corridors of contiguous habitat to allow for gene "flow 
between zones. A-zones will be .areas· of· high-quality and medium-quality 
habitat ~d will inc'lude as much public and military land as possible, to 
minimiz"ethe.need to acquire private land. The ,A-zones for -the Mohave Ground 
. Squirrel will be "fitted with A-zones designated for the Desert Tortoise to 
create .larger "zones in situations in which the zones "for the two species 
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overlap. Only 515,000 acres currently are proposed for A-zones for both the 
squirrel and the tortoise within the range of the squirrel. This acreage 
constitutes just 10.6% of the entire range of the squirrel. 

Distribution and Abundance 

The Mohave Ground Squirrel is found at, elevations up to ab~ut 5600 feet in an 
area of the western Mojave Desert generally west of the Mojave River. The map 
of the range of the squirrel (see Figure on page 6l of status review) has been 
redrawn to reflect all known records of occurrence and to exclude the portion 
of the Antelope Valley west of Palmdale and Lancaster. The exclusion was due 
to the lack of known occurrences of 'the squirrel and to the fact that much 
native veg,etation has been lost to agriculture and urban development. An area 
retained in the revised range was Victorville-to-Lucerne Valley" although 
there is uncertainty about the status of the species there. 

The area within the new boundary line was calculated by the BLM's geographic 
information system to contain approximately 4,863,000 acres. Of this total, 
approximately -1,800,000 acres (36%) are private land. An additional l, 692 i 000 
acres (34%) are military lands. Almost all of the remainder is public land. 
The State of California, through the State Lands Commission, the Department" 
and other agencies, owns a relatively small portion (less than 2%). Of the 
public land, about ,103,000 acres are in designated off-highway vehicle areas 
operated by the BLM. 

Not all of the '4,863,000 acres within the range contain habitat for the 
squirrel. Dry lake beds contain about 115,000 acres. Agriculture, urban 
areas, rural development, and other disturbed areas cover an additic;mal 
628,000 acres. The acreage of paved and unpaved roads was not calculated due 
to the difficulty of measuring that linear surface area. It_is known -that the 
squirrel is not continuously distributed in habitat across its range. It ,is 
considered to have a patchy distribution. 

It is not practica-l to calculate the density or estimate the population of 
Mohave Ground Squirrels throughout its range at any point in time. A 
calculation, or estimate would be based on a density or population derived from 
trapping results in one or more 'local areas and then extrapolated to the 
entire geographic range. Because the squirrel is patchily distributed and is 
affected at least locally byrainfa'll patterns, accurate extrapolation o,f 
local density and population figures'to the entire ran!il'e is not feasible. 

Even if it were practical to estimate range-wide density of the squirrel, the 
resul,ting figure would not be meaningful in influencing conservation decisions 
for the species. The ,reason is that population numbers overtime fluctuate 
widely in small mammals, 'probably including the Mohave Ground Squirrel, due to 
environmental conditions. This natural cycling is to be expected, and 
therefore the number of Mohave Ground Squirrels existing at anyone time is 
not indi9ative of the degree of endangerment of the species. The true 
indicators of the status of the species are the quantity, pattern of 
distribution, and quality of habitat,. 

Essential Habitat 

The Mohave Ground Squirrel has been found to occur in all of the broadly­
described~lant communities of the western Mojave Desert. These collectively 
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are called the desert scrub communities, which .have been·named Alkali Sink 
(also called Saltbush Scrub), Creosote ~ush Scrub Shadscale Scrub, Joshua Tree 
Woodland, and Sagebrush Scrub (part of which is known as Blackbush Scrub) . 
The squirrel is not .found on dry lake beds or in areas of rocky outcrops or 
desert pavement. Based on the review of studies in which sites of observation 
or capture of the Mohave Ground Squirrel have been described, the Department's 
opinion is that the squirrel occurs in all broad plant-communities' within its 
range. 

Life History 

The Mohave Ground Squirrel is a medium-sized ground squirrel of about nine 
inches in total length, which is about half the length of the more familiar 
and widespread California Ground Squirrel (5. beecheyi). The Mohave Ground 
Squirrel is a member of the mammalian family Sciuridae, a large family of 
rodents which :includes ground squirrels, marmots, chipmunks, and tree 
squirrels. The ground-squirrel group, to which the Mohave Gro~d Squirrel 
belongs, .i.s comprised of sciurids which live in burrows which they dig 
themselves. There are seven species of the genus Sper.mophi~us which have 
geographic ranges that include at least part of California. The Mohave Ground 
Squirrel is the only one whose geographic range .is entirely in California 
(i.e., it is .endemic to California). The Mohave Ground Squirrel is a distinct 
full species, with no subspecies .. 

The Mohave Ground Squirrel spends about seven months of the year, 'often from 
August through .Februa~y, in ·its underground burrows' in estivation. Chosen 
foods are leaves of :foibs, .shrubs, and' grasses ifruits and -flowers of forbs i 
seeds of forbs, grasses, shrubs, and· Joshua Trees i 'fungi i and arthropods. 

ALTERNATIVES TO THE .PETITIONED ACTION 

The Department's review of the status of the Mohave Ground Squirrel indicates 
that the continued existence of the species is likely to become endangered at 
least in major portions of its geographic range in the foreseeable future in 
the absence of special protection and management efforts required .by the 
California Endangered Species Act (CESA) and that continued listing as a 
Threatened species is appropriate. 

The Department .is concerned that if the Mohave Ground Squirrel is delisted, it 
would no longer .be a target-species :for special consid~ration under the West 
Mojave Coordinated Management ~lan. The squirrel was .included along with. the 
Desert Tortoise as one of the ·two target-species in that multi-agency planning 
process .because the squirrel is State-listed as Threatened. 

If the Commission reta'ins the l'isting of the Mohave Ground Squirrel, the 
Department will assess the -status of the speciesandrepo:t.tto the Commission 
annually .In addition, the Department -will prepare another status-report on 
the species no later than l:998, which is consistent with the requirement of 
section 2077 of the Code that the status of a Threatened species or Endangered 
species be reviewed every five years. At that time, if the West Mojave ~lan 
.has been completed, accepted by the .Department and the u.S. Fish and Wildlife 
Service, and implementation has -begun, information on the effectiveness of the 
plan in protecting habitat of the .sguirrelwill .be known and will be reported 
to the Commission. "The Department will attempt to obtain fundingspeci·fically· 
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for a study to determine the status of the, species 'in the southern portion of 
its range from Antelope Valley east to Lucerne Valley. 

Without the enforcement of the take provisions of CESA, without the 
cooperation of local, State,and federal agencies in implementing conservation 
actions, and in the absence of a federal listing ,for the, squirrel which 
provides the protection of the federal Endangered Species Act, the habitat of 
the Mohave Ground Squirrel is certain to continue to be incrementally 
destroyed, fragmented, and degraded. The Department must assume that all 
private land within the range of the squirrel, about 36% of the total, will be 
developed. The species will decline further until populations are no longer 
capable of sustaining themselves. Eventually, range-wide extinction will 
occur. 

ECONOMIC CONSIDERATIONS 

Maintaining the Mohave Ground Squirrel as a State-listed species would 
continue the protection of CESA and CEQA. 'If the squirrel is delisted as a 
Threatened ,species, then the, protections of CESA would no longer apply. 
However, CEQAwould continue to apply because the status of the species would 
fit the CEQA definitions of a rare or endangered species. Requiredmitigation 
as a result of lead agency actions unoer CEQA, whether or not the Mohave 
Ground Squirrel .is delisted by the Commission, would continue to add to the 
cost of a .project. 

Whether or not thelistirtg o.f the Mohave Ground Squirrel as a Threatened 
species ,is maintained,there may be additional expenditures of funds :for 
purchase of -privately owned habitat by the Department and ,other agencies. The 
acqUisition of such habitat is considered a nece,ssary recovery action for this 
species. 

CONCLUSIONS 

Based on this status review of available scientific informatiod and the 
written comments received in .response to,the Department's public notice, the 
Department concludes that the Mohave Ground Squirrel is likely to become 
endangered in the 'foreseeable future, in the absence of special protection and 
management efforts provided by CESA, due to habitat loss, habitat 
fragmentation, and habitat degradation. A species' existing under such 
conditions 'is a Threatened species,according ·to CESA (Section 2067, Fish and 
Game Code) . 

The mUlti-agency West Mojave Coordinated Management Plan may provide 
protection of" habitat throughout much of the range of the squirrel, but some 
years will pass after adoption of the plan, acceptance by the Department and 
'the U.S. Fish and Wildlife Service, and implementation begins before 
conclusive evidence that the plan is successful can be obtained. 

RECOMMENDATIONS 

The Department recommends that the Commission should find that the petitioned 
'action to delist the Mohave Ground Squirrel as a Threatened species is not 
warranted at this time. 
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.The Department's objective in conservation of the Mohave Ground Squirrel is 
the complete protection of habitat sufficient in size,pattern of 
distribution, and quality to enable the Mohave Ground Squirrel to survive in 
the long-term. In order to achieve this obj ective, .habitat must be protected 
throughout the geographic range of the species in a pattern that allows gene 
flow (the transmission of inheritable characteristics) :from population to 
population, and that .allows populations to be self-sustaining. Protected 
habitat must be free of incompatible land uses and human practices on a large 
scale. The Department proposes speci£ic actions to achieve the recovery 
objective. 
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REPORT TO THE·FISH AND GAME COMMISSION: 

A Status Review of the 
Mohave Ground Squirrel (Spexmophilus mohavensis) 

INTRODUCTION 

PETITION HISTORY 

On November 20, 2992, the Fish and Game Commission (Commission) received a 
.petition (.see Appendix A) from the Kern County Department of Planning and 
Development Services in Bakersfield, California, requesting delisting of the 
Mohave Ground Squirrel (Sperrnophilus mohavensis) as a Threatened species. The 
petition was signed by Mr. Ted James, Director of the Department of Planning 
and .Development services. The Department o.f Fish and Game (Department) 
reviewed the petition and recommended to the Commission on February 24, 2992 
that the petition be rejected as incomplete pursuant to Section 670.1 in Title 
14 of the California Code of Regulations ·and sections 2072.3 and 2073.5 of the 
Fish and Game Code (Code). This recommendation by the Department was based 
some~hat on the format requirements of Section 670.2 but primarily on the 
requirements of section 2072.3 of the Code that n[t]o be accepted, a petition 
shall, at a minimum, include sufficient scientific information that a 
petitioned action may be warranted. Petitions shall include information 
regarding the population trend, range, distribution,· abundance, and .life 
history of a species,the £actorsaffecting the ability of the population to 
survive and reproduce, the degree and immediacy o.f the threat; the impact of 
existing management efforts, suggestions .for future management, and the 
availability and sources of information. The petition shall also include 
information regarding the kind of habitat necessary for species survival, a 
detailed distribution map, and other £actors that ·thepetitioner deems 
relevant. n 

On April 2, 2992, at its meeting in San Pedro, California, the Commission 
accepted for consideration the petition to. delist. That action initiated a 
twelve-month reviewperiod,pursuantto·Se~tion 2074.6 of the Code, within 
which .the Department was required to review the status of the Mohave Ground 
Squirrel and provide a written report to the Commissio~. This report cOntains 
the results of the.Department's status review and contains a recommendation to 
the Commiss.ion, based on the best scientific .information available, as to 
whether the petitioned action .is warranted. The report also suggests 
management activities and includes recommendations for recovery of the 
squirrel. 

.DEPARTMENT REVIEW 

.During the initial review of the petition prior to making its recommendation 
to the Commission in February 1992, the Department determined whether the 
pet~tion· (as described .in Petition History above) met the requirements of 
Section 2072.3 of the Code. ·The Department' sfinding was that the petition 
did not meet those requirements. The Department found that the petition did 
not contain any information on population trend or abundance of the Mohave 
Ground squ~rrel. The petition did not contain sufficient scientific 



information on range, distribution, life history, factors affecting' the 
ability of the population to survive and reproduce, the degree and immediacy 
of the threat, the impact of existing management efforts ,. suggestions for 
future management, and the kind of habitatnecessarr for species survival to 
support the claim that the Mohave Ground Squirrel should not be listed as 
Threatened. The petition did not include a detailed geog.raphic· range map (a 
map entitled "Mojave [sic] Ground Squirrel Habitat" was included, but it 
inaccurately portrayed the range of the squirrel) nor did it cite all specific 
sources of information on the squirrel. Results from most. studies mentioned 
in the petition were misinterpreted, and unsupported conclusions were reached. 
A detailed analysis of the petition, including a description of the legal' 
points which the petition failed to address, is contained in this status 
review. Also included in the analysis of the petition is a discussion of the 
content requirements of the 'petition format, as s'pecified ·.in Section 670 .. 1 (a) , 
Title 1.4, California Code' of Regulations, and specific analysis of the content 
of the petition submitted by the County of Kern. 

During the twelve-month review period after·the petition was accepted by the 
Commission, the Department through a public notice contact~d affected and 
·interestedparties, invited comment on the petition, and requested scienti.fic 
information. The public notice was issued on June 1.0, 1992. A copy of the 
notice and a list of persons and organizations to whom the .notice was sent are 
contained in Appendix D of·this status. review. Copies of letters received by 
the Department in response to the public notice are provided in Appendix E. 
The Department's evaluations of the received comment;,s also are in Appendix E. 

An initial draft of this status review was reviewed in January 1.993 .by 
·numerous persons. wi thin the' Department. A revised draft then was sent in 
February for inspection ·to the planning directors of the counties of Kern, 
Inyo, San Bernardino, and Los Angeles, to members of the Department's Mohave 
Ground Squirrel Working Group (see discussion of this group in the .Management 
Activities section of the status review), to persons who had submitted written 
comments on the petition in response to the public notice, and to Department 
personnel. 
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ANALYSIS OF PETITION 

FORMAT AND CONTENT OF THE COUNTY OF KERN'S PETITION 

In this section of the status review the Department presents an analysis of 
the :format and content requirements of the petition submitted .by the County of 
Kern. The nine-page petition is in Appendix A of the status review. 

In order for' the Commission to accept a petition to list or delist a 
Threatened or Endangered species, the petition must be in the format 
authorized by the Commission (Section 670.J.(a), Title 14, California Code of 
Regulations). The format is specified in section 670.J.(a) as being that of 
form FGC-670.J. (3/90). This form (a copy is included in this status review as 
Appendix B) requires the supporting information for a petitioned action to be 
presented under the following headings: Executive Summary; Species 
Description, Biology, and Ecology; Habitat Requirements; Distribution; 
Abundance;. Nature and Degree of Threat ; Current Management; Recommended 
Management/Recovery Measures; and Information Sources. 

The petition from the county.of Kern todelist the Mohave Ground Squirrel 
cont.ained information under the specified or similar headings. However, the 
content of no section under these headings in the petition met the requirement 
of .form FGC-670. J. (3/90). 

The petition form requires that the Executive Summary contain a description of 
why State listing is no longer warranted and why one or a combination of six 
endangerment factors no longer threatens the existence of the species to be 
delisted. The six factors are as' follows: 'J.. present or threatened 
modification or destruction of its habitat; 2. overexploitation;.3. 
predation; 4. competition; 5. disease; and 6. other natural occurrences'or 
human-related activities.. The Executive Summary· of the County of Kern 
petition did not address or even mention any of ·these factors. A peti·tion' s 
.Executi ve Summary also is required to include a brief summary of each section 
of the petition. The County of Kern petition did not summarize .its sections. 

A petition section on Species .Description,Biology, and Ecology is required to 
include pertinent available information on the biology of the species to be 
listed or-delisted. Specific' categories are to be discussed,;; The County- of 
Kern .petition in its section entitled "Species Description" included some 
information on identification, food habit!?, habitat, a~d seasonal activity of 
the Mohave Ground Squirrel . No information on reproductive biology, 
mortality/natality, or .role in the ecosystem was mentioned, although 
discussion o.f these categories is required by the petition £ormatcand'sources 
of information are available ,'for, these ·topics. This County 9f Kern petition 
section did discuss the geographic range and taxonomy of the Mohave Ground 
Squirr-elr ·but·missta ted the· .. conclusions··, of ·the·scient·ists +Wessman 2977 ··and 
Hafner and Ya·tes 2·9'83) whose work ·wasanalyzed .in preparation of the petition. 
(See the sect'ion below on the Department's analysis. of the scientific 
information provided by the petition.) 

.A petition .section on Habitat Requirements must discuss appropriate factors 
such as plant communities and topography. The County of Kern petition in i·ts 
section entitled "Habitat Requirements" 'addressed those factors 'for the Mohave 
Ground Squirrel but did not mention other specified categories such as 
climate, natural disturbance, interactions with other animals, associated 

3 



species, elevation, foraging habitat, or other. habitat features. Sources of 
information are available for these topics. 

A petition section on Distribution is required to include, in the case of a 
proposed delisting, a discussion of how current distribution reflects' recovery 
of the species since listing. A petition also must indicate the percentage of 
historic distribution that is in existence, indicate the number of known 
occurrences of the species, discuss the relationship' between historic and 
current acreage, discuss the degree of habitat fragmentation, and describe the 
quality of existing habitats. The County of Kern petition, in a section 
entitled "Disturbance [sic]/Abundance", had no discussion of .any of these 
topics. A petition is required to be accompanied by maps showing the 
distribution of the species in consideration. One map must be of California,. 
showing general distribution within the State, 'and another must be a 
topographic map showing location of occurrences of the species and portraying 
historic as well as current distribution. Each map must be labeled with the 
base map name and scale of the map. The County of Kern petition was not 
accompanied by a California map .. A map labeled "Mojave [sic] Ground Squirrel 
Habitat" was included; it .illustrates distribution rather than habitat, but 

____ . ______ tJJ.E:l:r:.e __ i~ __ n9 ___ i..nj:Q:g]lat_io_n __ o.!l.!_l:J:~_ I!.a.!!!e..Qf _~e._l?_Cl:f3~_ J!l§'p __ l,l,~eSL. o..£._th~.§~§t~ ~~_the ________ _ 
map. 

A petition section on Nature and Degree of Threat is required, .if delisting is 
proposed, to state why anyone or a combination of six endangering factors no 
longer threatens the existence of the species. Thes'e factors were listed 
earlier in discussing the Executive Summary of a petition. The County of Kern 
petition in its section entitled "Nature and Degree of Threat" did not .mention 
or address those -factors per se .. 

Some of the required information _in sections of a petition on Abundance, 
Current Management, Recommended Management/Recovery measures, and Information 
Sources was p~ovided in the County of Kern petition. However, 'none of these 
sections were complete in providing all known information on the ~ohave Ground 
Squirrel., In the "Sources of Information" section, for example, the petition 

. did not list the Department's 1.987 five-year status report on the Mohave 
. Ground Squirrel', nor did it list the important work at the Coso .Known 
Geothermal Resource Area by Leitner and Leitner (~.989) and Leitner et al. 
(.l.99~). The work of other researchers (e.g., Leitner and Leitner 1990, Zembal 
and Gall 1980) was listed incorrectly. 

.' . 
These information deficiencies of the County of Kern petition discussed above 
led the Department to conclude that the petition did not satisfy the content 
requirements of petition form FGC-6870.1. (3/90). In addition, the petition 
did not· contain :;;ufficient scientific information to support the petitioned 
action (to delist the Mohave Ground Squirrel), as reqUired by Section 670.1. of 

_ the California Code of Regulations (and by Section 2072 .. 3 of the Fish and Game 
Code). Thus, the petition did not meet· the two tests of Section 670.~ in 
order for the petition to be accepted by the Commission. The petition failed 
to meet the content requiremeIlts and failed to provide sufficient scientific 
informat.ion. Based on this analysis, the Department wrote (Gibbons ~992) to 
the Commiss·ion on .~ebruary24, ~992 that the petition should be rejected (See 
Appendix C) . 
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SPECIFIC STATEMENTS IN THE COUNTY OF KERN'S PETITION 

In this section of the status review the Department presents an analysis of 
statements in the County of Kern's petition w~ich are inaccurate, misleading, 
or irrelevant to the issue as to whether the squirrel should be delisted. The 
subsection titles are those used by the petitioner. 

Executive Summary 

In the petition, the first paragraph o.f the Executive Summary stated that the 
petition "is being submitted in compliance with the delisting procedures 
specified in section 670.1., Title ~4, California Code of Regulations.", As has 
been discussed in the preceding section of this analysis, the petition was not 
in compliance with Section 670.1.. The petition failed to meet the content 
requirements of section 670.~ and did not contain sufficient scientific 
information to support the petitioned action. 

In the second paragraph of the Executive Summary, the petition stated that the 
listed Mohave Ground Squirrel "is having a significant impact on the economic 

: --------- -growth--of - eastern _Kern_ County .. ''- _ 'I'here __ may: pr __ m1!Y I].ClJ:_~e._~uch aIL im'pacJ: . __ Tl].~ ______ _ 
County of Kern has been unable to document an impact. No analysis of economic 
impact accompanied the petition nor could an analysis be produced when it was 
requested by the Department in october 1992. A letter received in March 2993 
f.rom the County of Kern (James 19.93) provide.s .no information on costs actually 
incurred by property owners in regard ,!:othe squirrel. (For a full discussion 
of economic considerations, see the section under that title in this status 
review.) Whether or not an economic impact has resulted from enforcement of 
laws protecting the Mohave Ground Squirrel, the Commission .is required to 
consider only scientific information as specified by Section :2072.3 of the 
Fish and Game Code in its decision to list or delist a species. 

A statement in the second paragraph was that "[e]fforts by private property 
owners to subdivide prop~rties into residential homesites is being inhibited 
by DFG mitigation requirements that are inconsistent, unclear, cost 
prohibitive, and lack a clear scientific'basis." That opinion was refuted by 
C. Uptain, a consulting biologist who has conducted research on the Mohave 
Ground Squirrel and who wrote to the Department in response to the public 
notice on the petition to delist the squirrel (see his letter in Appendix E) , 
as follows: "I am sure that the subdividing of privateproper~ies are being 
delayed by the mitigation requirements for Mojave [sic) ground squirrels. 
lIowever, I am not aware of a single proposed project that has not been 
completed due to the required mitigations. Further, the mitigation 
requirements established by CDFG are not inconsistent, unclear, cost 
prohibitive, and they do not lack a scientific basis. Although the 
mitigation requirements may not be identical from project to project, all 
projects are ·currentlY evaluated' in a consistent ,manner. .-The methods ,used ,to' 
evaluate properties and the l."esultant mitiga.tion requirements have been 
standardized and are 'very clear." 

Another statement was that the squirrel's Threatened status "is having an 
impact on a property owner's ability to use their [sic] 'land." It should be 
.noted that the City of Ridgecrest has entered into a Section 2081. agreement 
with the Department which allows the management take of the squirrel and .its 
habitat in urban development while providing off-site mitigation in the form 
of acquiring habitat. Thus, the property owner can use his/her land while 
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contributing to the welfare of the squirrel. A simila-r process with the 
county of Kern has broken down. The Department was "unable to reach 
resolution with the County, since they, were unwilling to provide compensation 
lands prior to authorizing the management take of the species" (Sarasohn 
1992) . (See the discussion of Section 2082 Management Permits under that 
title in this status review.) 

The third paragraph stated that th'e County of Kern's petition "presents a 
comprehensive review of available literature and studies related to the MGS. 
It is clear .from the scientific research conducted to date that the MGS was 
erroneously listed as 'rare' in ~971 in the absence of adequate and conclusive 
scientific evidence. To date, there is a lack of scientific research on the 
population, range, density,' behavior, taxonomic relationships and habitat 
preferences of the species." If the last sentence of this quotation is taken 
as fact, the very lack of research and resulting information prevents the 
County of Kern from presenting sufficient scientific information to support 
its charge that the squirrel should'be delisted. In addition, that last 
sentence's statement that "there is a lack [emphasis added] of scientific 
research" conflicts with the preceding sentence's statement that it "is clear 
[emphasis added] from the scientific research" that the squirrel was 
erroneously listed. 

The petitioner erred in stating that there is a lack of research on the Mohave 
Ground Squirrel. Density and abundance information .for local areas has been 
presented by Zembal et al. (1979) ,Leitner (1980), Aardahl and Roush (1985), 

Leitner and Leitner (2989,~990), and Leitner et al. (~991). lnformation on 
behavior has been presented by Burt (1936), Bartholomew and Hudson (1960), 
Ingl,el? (1965), Adest (1972), Hoyt (1972), Re~ht (2977), Wessman (1977), Zembal 
et al. (1979), J?;embal 'and Gall (1980), and Leitner et al. (1991). Work on 
taxonomic relationships has been reported by Hafner and Yates (1982, 1983). 

Habitat use of the Mohave Ground Squirrel .have been described by numerous 
authors,includingHoyt (1972), Wessman (1977), Recht ('1977), Zembal et al. 
(1.979), Leitner (1980), Aardahl and Roush (1985), Michael Brandman Associates, 
Inc. (1988), Leitner and Leitner (1989,1990), and Leitner et al. (1991). Ten 
of the 27 authorities .listed above were listed in the petitioner's Sources of 
Information: The ignoring of information in its cited 'sources and the failure 
to use other sources has not resulted .in the "comprehensive review of 
available literature and studies" claimed by the petitioner. C. Uptain wrote 
to the Department that "[a]lthough most of the pertinent available .literature 
has been incorporated and discussed in this petition, ~ost,of it has been 
misinterpreted, misquoted, or misrepresented. Clearly,' the author of this 
petition either has a very minimal scientific background or wishes to twist 
the conclusions of certain studies." D. iJ. Hafner, a scientist who has 
conducted taxonomic research on the Mohave Ground Squirrel, wrote to the 
De'partment in response to the public notice on the petition to delist the 
squirrel (his letter. is in Appendix E) that UI .find the petition to be an 
irresponsible distortion of the available literature, while the 'purportedly 
'scientific' arguments made in the petition to substantiate the robust health 
of the 'species display either a gross ignorance of or blatant disregard for 
basic biological principles." 

. The inf6rmat:i:-on presented in the petition did not make it "clear from the 
scientific -resea-rch to date that the MGS was erroneously listed as' 'rare' in 
1972~ " In fact, .no author has suggested that the listing was erroneoU1=l, and 
the cumulative knowledge of the last twenty years does not provide evidence 
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for that conclusion. Actually, the cumulative knowledge as presented or 
summarized in this status review·provides evidence that the Mohave Ground 
Squirrel should retain its listing as a Threatened species. The petitioner 
further stated that the s9Uirrel was listed in the absence of adequate 
scientific information. In ~971 the Commission had specified standards for 
listing a species as Rare or End~ngered. (See the discussion under Listing as 
Rare in this status review.) Apparently the Commission believed that it did 
have adequate scientific information; otherwise it would not have voted 
unanimously to list the squirrel. As th~ Department described in its February 
24, 1992 recommendation (Gibbons 1992) to the Commission that the petition 
from the County of Kern be rejected, "there is no evidence in the written 
record of the Commission's action in 197~ to indicate that the Mohave ground 
squirrel received any more or less consideration for a designation of Rare 
than did other species of animals which received that designation." As the 
western Mojave Desert has been developed over the years since 197~ and the 
habitat of the squirrel has become increasingly destroyed, fragmented, and 
degraded, it can be seen that the early action by the commission was 
justified. 

This issue of supposedly inadequate information being available in ~971 was 
raised once again .in the fourth paragraph of the Executive Summary. It was 
stated that "the species was prematurely listed without the availability of 
adequate population and habitat studies." The fact that the Commission acted 
as it did in 1971 is evidence to the contrary that a decision was premature. 
The Department presented evidence at the time that the squirrel and its 
habitat were in decline. 'The Department indicated to the Commission that the 
squirrel was confined to a .small and specialized habitat and that it was so 
limited in range and habitat that any appreciable reduction would cause it to 
become endangered. Either of those factors made the squirrel eligible to be 
listed as Rare. (See discussion under Listing as Rare in this status .review.) 
In any 'case, the squirrel currently is listed as Threatened (Rare .from ~97~ ~o 
1985). The petition to delist the species provides no evidence that the 
protections of CESA a.re not necessary to allow the Mohave Ground Squirrel to 
survive in the long-term. 

Also in the fourth paragraph were the statements ·that "recent studies have 
suggested that the range of the species and popUlation densities are far 
greater than the ~onclusions of earlier studies. Studies conducted by the 
Bureau of Land Management ... support the contention that large populations'of 
MGS exist and their distribution ranges over an area w~ich encompasses in 
excess of 7,000 square miles." The implicatio;n of these statements is that 
identification of areas in which the .squirrel -was not previously known to 
occur 'must mean that the species in not deserving of being listed as 
Threatened. Such a conclusion is incorrect. There still may be areas in 
which the squirrel is thought not to exist but does exist. Past and .future 
di'scovery of such areas . help· expand knowledge -·of the squirrel 's di·stribution 
but do -not at all de·finethestatus of the species. Status, in terms of 
endangerment, is determined by the amount of available habitat within the 
range and the degree (amount, pattern, and rate) of loss of this habitat. :It 
is the degree of .loss that causes concern for the' .future of the Mohave Ground 
Squirrel. M.A. Recht, a scientist and consulting biologist who has conducted 
field studies of the Mohave Ground Squirrel and who wrote to the Department in 
response to the public notice on the petition to delist the squirrel (see his 
letter in Appendix E), pointed out that "the petition makes no notice of the 
mas~ive loss of habitat (and squirrels) due to the development in the 
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Palmdale-Lancaster-Rosamond-Mohave corridor and in the Adelanto-Victorville 
area. " 

The ,Urecent studies" which have suggested that "population densities are far 
g,reater" than had been thought were not listed in the petition, but the 
reference may ,be to the work of Aardahl and Roush (~985). Those researchers 
considered the Mohave Ground Squirrel to ,be "common" on their study sites in' 
the northern and central parts of the range, although the term was not 
defined. They also found that mean relative densities of the Mohave Ground 
Squirrel and the White-tailed Antelope 'Squirrel (Ammospermophilus leucurus), on 
their 22 study sites were "similar", based on an assumption that the two 
species were initially captured at equal rates. There probably was not a 
similarity in population sizes on the study sites; recaptures of marked 
animals of both species indicate that the antelope squirrel was more numerous 
than the Mohave Ground Squirrel. (See the discussion of Aardahl and Roush's 
resul'tsin the subsection on Field Studies by Other Agencies and in the 
subsection on Abundance.) ,Neither the opinion of "common" status of the 
Mohave Ground Squirrel nor the questionable finding that the squirrel had 
"similar" population size with the more widespread antelope squirrel should 
lead to the conclusion that densities' are greate,r or "far greater" than had 
been thought,. In any case, it is not surprising that the Mohave Ground 
Squirrel could be considered common in local 'areas in which habitat integrity 
has not been compromised by human impacts. The important factor in the 
decline of this spe'cies is that such local areas are disappearing. 

Studies by the U.S. Bureau of Land Management (BLM) have not contended that 
large populations of the' Mohave Ground Squirrel existed. The major study of 
the BLM was that reported by Aardahl and Roush (~985). Those authors did not 
conclude that the squirrel existed in large populations or that newly 
discovered areas o£ occupation suggested that the legal status of the species 
should be changed. 

It is true that the geographic range of the, squirrel encompasses over 7000 
,square miles or approximately 4,863,000 acres. This may seem large in respect 
to the entire Mojave Desert, but a range'of that size ,is quite small for a 
full species of mammal. ,In fact, ,it is the smallest range of, any of the 'seven 
species of the ground-squirrel genus Spermophilus which occur in California 
(Hall 1981) . D. J. Hafner wrote to the Department that the "petitioners 
display gross ignorance regarding the relative size of a species' range, and 
lack any understanding of the differences between local population density and 
'geographic range. By any measure (comparison with oth~r mammal species, with 
other rodent species, wi'th other squirrel species), the Mojave [sic1 Ground 
Squirrel is restricted to a tiny geographic range. While 7,000 mi2 may appear 
to be a large area to a developer with a bulldozer, it is not a large area 'for 
an entire species range. Furthermore, it is well known that the Mojave [sic] 
Ground Squirrel colonies are very precinctive and spotty within this ,already 
smal.l range." T. 'L. Yates, a scientist who worked with D. J. Hafner on the 
taxonomy of the Mohave Ground Squirrel, has written to the Department in 
response to the pUblic notice on the petition to delist the squirrel (his 
letter is in Appendix E) that the "contention of the petitioners that the 
species occupies a large geographic range and that enough land exists' on 
federal portions of the species range to afford protection appears as another 
attempt to misrepresent the truth. As ~pecies ranges go for similar sized 
small mammals, the range of the Mohave Ground Squirrel is extremely small." 
Within its range the Mohave Ground Squirrel can occupy only those areas which 
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are desert scrub habitat ,and to which it has access. Much of the area within' 
the range is unsuitable for occupation, because it is urban and rural 
development, agricultur,e, other disturbed area, l1ighways and roads, and dry 
lake beds. 

The last sentence of the fourth paragraph stated that "the preponderance of 
public lands [within the range of the Mohave Ground Squirrel] managed by 
various federal agencies provides substantial management benefit to assure 
that continued existence of the species." This statement conveys the false 
impression that federal agencies indeed are managing for the squirrel. with 
the exception of the joint Coso Mitigation Program of the BLM and Navy (see 
the discussion under that title in this status review), there is no federal 
management ,for the squirrel. As the Department (Gibbons ~992) wrote to the 
Commission on February 24, ~992, "we believe that i,t' benefit [to the squirrel 
'from management on federal lands] is derived it is incidental to other, 
purposes in land management decisions. There is little specific management 
considerati6ngiven to the species on Federal lands sufficient to provide 
benefit over the long term." The fact is that no military or other ,federal 
agency is legally obligated to protect any habitat for the squirrel. This is 
why the BLM, the Department, and the Fish and Wildlife Service have begun a 
cooperative process to develqp the West Mojave Coordinated Management Plan. 
Voluntary participation in the plan by military 'and other federai agencies 
will provide the obl,igation to protect habitat designated in the plan. 

M. A. Recht wrote to the Department that the "public lands are not really 
'managed' for wildlife preservation in any real sense of the word: extensive 
grazing by sheep and cattle is unmonitored and essentially uncontrolled whi'le 
off-road vehicle activity continues to dissect and dissipate habitat." D.' J. 
Bafner wrote, to the Department that the "petitioner implies that Mojave [sic] 
Ground Squirre'ls will gain protection even after delisting by virtue of the 
large percentage of their range that, is managed by federal agencies, 
particularly the armed forces. My observations 'of bombing ranges and military 
lands has generally agreed with this, but only in a relative sense: repeated 
bombing, strafing, microwave experimentation, and pounding by tanks and ground 
transports are, not as bad as off-road vehicle races or housing developments 
for native species. Explosives attacks aside, can you imagine the impact on a 
hibernating colony of squirrels that is overrun (literally) by hundreds of 
tanks on maneuver? Not only would many individuals ,be immediately killed and 
burrow systems (usually occupied sequentially by generations of squirrels) be 
collapsed, but the ground is compacted and vegetation ,scoured, making the 
outlook for the few 'survivors bleak indeed. And if migration is not really a 
feasible alternative [due to low vagilitYi see discussion in the subsection 
under Distribution in thisstatusreview1, then another colony is extirpated. 
As for the BLM-administered :lands, I ,have witnessed the effects of the ·large 
off-road vehicle races which are permitted by the BLM: the soil compaction 
and'vegetative ·damage are incredible· in severity and longevity." 

,Background to Species Listing 

In the fourth paragraph of this section of the County of Kern's petition, it 
wa:s stated that it nis clear .from the record [of the Commission's.meeting on 
May 2~" 1.97~] that very little information was available .in 197~ to make a 
quantitative scientific judgement that theMGS should be listed as 'rare'. In 
the same paragraph, it was written that in "the absence of comprehensive 
guantificatioI?- studies and habitat preference analysis, it ,is not understood 
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how the 1971 Commission and its' staff was able to conclude that continued 
existence of the species was affected to such an extent that it necessitated 
listing as a 'rare' species." The emphasis by the petitioner on 
quantification is irrelevant, because the 1971 Commission applied standards in 
reaching its decision whic~ are different than would be ap~lied today. 

It must be remembered the Department had reason to believe, in making its 1971 
recommendation to the Commission that the squirrel be listed as Rare, that the 
habitat and thus. the species itself were in quantitative and qualitative 
decline. That belief was corroborated by the recommendations made by the 
scientific reviewers of the questio'nnaire and working list of species sent out 
and then evaluated prior to the Department's presentation to the Commission. 
since the 'listing in 1971 the species often has been difficult to find, 
especially in the southern portion of its range. Wessman (1977) believed'that 
'the squirrel might be extirpated from the area of Victorville and eastward. 
M. A. Recht wrote to the ,Department as follows: "At the time I began my 
Dissertation research [in 1974.] I had discussions with scientists who'had 
wo~ked with and/or trapped for the MGS; Bartholomew, Hudson, Pengelley, 
Mayhew, Hoyt, and Adest. All these individuals told of how difficult it was 
to find them and three of them told me that the MGS was not a good 
Dissertation project because the squirrels were not abundant,;"ere 
discontinuous' in distribution, limited to the selected habitats in the Mohave 
[sic] Desert and thus I would have a very difficult time finding enough 
squirrels to study for a proj'ect! As I began my Dissertation research in the 
western Mohave [sic] Desert I found the:j.r concerns to be valid. I found the 
populations to be discontinuous and small." 

In the yearssinceM. Recht conducted studies for his dissertation in 1974-
1976, the human-induced growth in the western Mojave Desert has been 
phenomenal, with Victorville increasing l86% and Palmdale increasing 460% in 
population over a ten-year period. As 'the Mohave Ground Squirrel and its 
habitat have declined asa result of this growth, the 1971 action by the 
Commission to list the species has ,been vindicated. 

Species Description 

The thirdparag;raph of this section of the petition noted the fe.deral status 
of the Mohave Ground Squirrel as a category 2 species. According to the 
petition, this "means conclusive data on ,biological vulnerability and threat 
are not available to just'ify the federal listing as 'threatened or endangered' 
[emphasis is .that of the petitioner] ." The implication of this incompiete 
definition of a'category 2 species in the emphasized statement is that the 
u.S. Fish and Wildlife Service (Service) has reviewed the status of the 
squirrel and decided not to list it. The petitioner's interpretation is not 
correct. The Service has expressed its concern about this interpretation to 
the Department in a letter written in response to the public notice on the 
'petition to delist the squirrel. The letter, which is in Appendix E, was 
signed .by J. I. Ford and stated that the Service "is concerned that 
misperceptions regarding the Federal listing process and the biology of the 
Mohave gro~d sqUirrel (Bper.mophilus mohavensis) 'may adversely influence the 
proposed delisting o.f the species by the California Fish and Game Commission,. 

"The petition from the County of Kern cites the Mohave ground squirrel's 
Federal status as a category 2 candidate to support its contention that there 
is insufficient information to justify its listing as a threatened species. 
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As defined at 50 CFR Part ~ 7, category 2 candidates are those ,(t) axa .for 
.which information now in possession of the Service indicates that proposing to 
list as endangered or threatened is possibly appropriate, but for which 
conclusive data on biological vulnerability and threat'(s) are not currently 
available to support proposed rules. ' 

"The Service has not conducted an in-depth review of the distribution of the 
Mohave ground squirrel. However, because of our involvement with the desert 
tortoise (Gopherus agassizii) , which is listed by both the State of California 
and the United States as threatened, we are well aware of the land uses and, 
habitat loss, degradation, and fragmentation, resulting from ongoing urban 
development and multiple use of private and public lands, that have occurred 
and continue to occur in the western Mojave Desert. Simply stated, the 
Service is concerned that existing conditions in the western Mojave Desert are 
such that the long-term viability of plant and animal species whose ranges are 
restricted to this area, like the Mohave ground squirrel, cannot be adequately 
ensured. To reflect this concern, the most recent animal candidate review 
describes the status of the Mohave ground squirrel as 'declining.' 

"Because of limited funding and staff, the Service has been unable to fully 
monitor and pursue listing proposals for all of the numerous candidate species 
in California. We have chosen to devote our 'efforts to the development of a 
large-scale management plan for the western Mojave Desert, which, if 
implemented, should aid the recovery of the desert tortoise, the Mohave ground 
squirrel, and other sensitive species in that region. If the coordinated 
management plan meets its biological objectives, the Service may be able ,to, 
forego proposals to list individual species throughout the western desert. 

"In conclusion, the Service is not aware of any information regarding the 
Mohave ground squirrel's range or biological ,vulnerability that indicates the 
species should be removed from the State list of endangered and threatened 
species, or dropped from consideration for Federal listing. We hope this 
letter assists you in understanding the Service's position with regard to the 
status of the Mohave ground squirrel." (See the discussion of Federal 
Candidacy in the subsection of this status review under that title. 

In the fourth paragraph of this section of the petition, it .iswritten that 
'''inadequate and inconclusive statements regarding the continued listing of the 
species were used [in the Department's ~987 five-year status report]. There 
is [sic] no conclusive scientific studies which have d~cumented significant 
MGS habitat loss, adverse effects on population st'atus, or other life history 
requirements." The "inadequate and inconclusive statements" of the'1.987 
report were not identified. In regard to habitat loss, many authors have 
cited such loss; Aardahl and Roush (1.985) wrote that "[s] ignficantloss of 
habitat for the Mojave [sic] ground squirrel has occurred on private lands due 
to urban and agricultural,de:v:elopment." It is' true,.that no ,.study has been. 
specifically designed.to document habitat loss until planning for the West 
Mojave Coordinated Management Plan began. With the development of the 
geographic information system for this plan, planners have been able to 
identify the loss of over 1.65,000 acres of the western Mojave Desert to urban 
development and approximately 2~5,OOO acres of rural development Within the 
range of the squirrel. (See the discussion of habitat loss in the section on 
Threats in this status review.) The adverse effects of habitat loss on the 
Mohave Ground Squirrel obviously are death or displacement of individuals and 
permanent loss of physical space which could be occupied by the species. 



Attributes of life history of the squirrel have been docu~ented by many 
authors (see the Lif.e History portion of this status review) . 

The fifth paragraph read as follows: "The 1977 Wessman study recognized a 
substantial 1,800 square mile increase in the rqnge of the·MGS, yet no mention 
of this significant increase in the MGS habitat was acknowledged in the 
[Department's 1987] Five-Year Status Report. It is wondered why this 
significant increase .in known habitat area would not provide a reasonable 
basis to demonstrate sufficient·available.habitat to delist the species." 
Wessman (1977) did not discover that the range. of the squirrel had increased. 
Rather, he found that the species existed in a previously unknown 1800-square­
mile area on the northeastern edge of the range. He also noted that the 
Mohave Ground Squirrel might no longer exist in the southeastern portion of 
its original range east of Victorville. The new knowledge of the' actual range 
in the northeast did not cause Wessman (1977) or any other researcher to 
recommend that the squirrel should be ·delisted. This may be due to the 
recognition by workers on the Mohave Ground Squirrel that the geographic 
range, even being larger by 1800 square miles than had been thought priOr to 
the study by Wessman (19'77), is still quite small compared to the ranges of 
other ground squir·rels. Also, the cause for concern since before its listing 
in 1971 has been, and continues to be, the destruction, fragmentation, and 
degradation of the squirrel's habitat within its range . 

. In regard to the significance of Wessman's (l977) finding being acknowledged 
in the five-year status report (Gustafson J.987) , the status report was 
prepared ten years after Wes'sman (1977) described' the . previously unknown area 
occupied by the squirrel. By 1987 that part of the range had long been 
accepted by workers with the Mohave Ground Squirrel. The discovery of this 
area was not considered significant even in 1977; it did not change the plight 
of the species, which was threatened by the habitat. changes that only have 
accelerated since then. 

The sixth 'paragraph had sentences which read as Iollows: "It is interesting 
to note that Hafner and Yates [1.983] question whether the MGS is even a 
separate distinct species", "[t]he occurrence of spec:i.ation for the MGS is 
still unknown", and "Hafner and Yates [1983] concluded that insufficient 
evidence exists to substantiate conclusive scientific recognition of a 
separate MGS species." These statements by ··the petitioner are misleadi~g and 
incorrect. Hafner and Yates (1983) actually concluded that retention of full 
species status was warranted. (See the discussion in 1;.he subsection of the 
status review entitled Taxonomy.) In·regar.d to the first and third of the 
petition's statements above about the work of Hafner and Yates (J.983), D. J. 
Hafner wrote to the Department that the statements are "an absolute distortion 
that '[are] completely contrary to our stated conclusions." In regard to the 
statement about unknown "occurrence of speciation" for the squirrel, he wrote 
that "this is a clear distortion of our paper, deliberately implying that 
species recognition is in doubt." Furth,er, " [w]e did not doubt that 
speciation had occurred [in a desert refugium]; we simply did not know where 

. or by what mechanism. My current article [now published-Hafner 1992] 
identifies the glacial-maxima isolating mechanism." D. J. Hafner also wrote 
that thepeti.tion' s "self-serving, deliberate distortions and 
misrepresentations of our article are deplorable." . 
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Habitat Requirements 

The second paragraph of the section of the petition under this title mentioned 
the "little information" on habitat 'preference and use by the Mohave Ground 
Squirrel and on the comparisons of the use of one site with others in the same 
plant community and in different communities. Then the petition stated that 
it "would seem prudent for these additional studies [to gather information on 
habitat] to be undertaken before a species is listed as 'threatened'." 
Preferential use of habitat by the squirrel is of interest to scientists and 
to .land managers who are designing a preserve system, but it .has little 
bearing on whether the species is deserving of Threatened status. The key to 
sustaining the squirrel in the long-term is the protection of habitats in a 
size and .pattern sufficient to preserve preferred habitat and less-preferred 
habitat. 

The third paragraph mentioned the large percentage ("over 57 percent") of 
Mohave Ground Squirrel habitat which is on federal property, managed by either 
the BLM or the military agencies. The petition then stated that "[w]ith such 
a small percentage [43 percent?]. of private holdings, the encouragement of 
effective management practices by the federal government would seem to ensure 
substantial areas available for species [sic] propagation." Presumably, the 
unstated .recommendation was that the Department should encourage the BLM and 
the military agencies to manage their properties for -the squirrel. Actually, 
the Department is involved asa co-leader with the BLM and the Fish and 
Wildlife Service in the West Mojave Coordinated Management Plan. (See the 
discussion under that title in this status review.) The plan, when fully 
implemented after 20 years, should protect the squirrel and the Desert 
Torto;i.se in the long-term. The military agencies have been invited to 
participate in the planning process. Currently, neither the BLM nor the 
military'agencies are obligated by law to manage habitat for the squirrel. 
The plan cannot be rullyimplemented without the participation of the 
counties, cities, and special districts, because the Department and the BLM 
have no authority to regulate uses on private .land. Thus, private-property 
owners ultimately must share in obtaining a solution for the long-term 
protection of the squirrel and the tortoise. 

Distribution/Abundance 

In this section of the petition, which actually was mistakenly entitl'7d 
. "Disturbance/Abundance", the first paragraph contained. the statement that 
Hoyt's (l972) work ror the Department to gather information on the 
distribution of the Mohave Ground Squirrel "was cursory in nature with many of 
the live trappings attempted during winter MGS estivation period." Hoyt's 
(~972) study was limited by design to live-trapping at sites at which. 
scientists and small-mammal trappers had captured the squirrel in the recent 
l'a·st. These "si tesnumbered on:!;y eight. None of these . sites were trapped -by 
Hoyt '(1972) 'in the winter per se; six sites were trapped in March, April, May, 
or June. The other two were trapped in mid-February; the lack of captured 
squirrels may have been a result of trapping before any animals present 
emerged from estivation. However, the Mohave Ground Squirrel is known to 
emerge as early.as January and often is above ground in February. D. F .. Hoyt, 
a scie~tist who conducted an early study of the distribution of the squirrel, 
has written to the Department· in response to the public notice on the petition 
to delist the squirrel (his letter is in Appendix E) that the petitioner has 
misrepresented the :facts in stating that "many of the [Hoyt 1972] live 



trappings [were] attempted during w"inter MGS estivation periods." He added 
that the estivation period "ends sometime in February." 

Another statement in the first paragraph was that Hoyt (1972) concluded that 
"it is not possible at this time to make any exactor quantitative statements 
about the animal's present distribution or abundance" and that "it is not 
possible at this time to decide whether the species is truly endangered." 
Hoyt (1972) "did draw those conclusions, based on his small sample-size of 
eight study sites, but the petition £ailed to point out that Hoyt (:2972) 
recommended the retention of the "Mohave GroUnd Squirrel on the Rare list and 
the initiation of studies "to more closely identify those areas reported to be 
populated by the Mohave ground squirrel and how these can best be preserved." 

The third paragraph stated that the study of Aardahl and Roush (lQ85) "noted 
dramatically high populations and densities of the [Mohave Ground Squirrel] . 
The study also noted that average relative population densities for theMGS 
and antelope ground squirrel ... for the study sites are similar." Aardahl and 
Roush (1985) did not describe "dramatically high" populations of the Mohave 
Ground Squirrel. They viewed the squirrel as being "common", but did not 
define that qualitative term. "Common" certainly d.oes not mean "dramatically 
high." As has been discussed in the Executive Summary portion of this section 
of the status review, the statement of Aardahland Roush (1985) that average 
relative densities for the Mohave Ground Squirrel and the ante"lope squirrel 
were "similar" may be incorrect. Those authors based their statement on an 
assumption that initial capture rates of the two species were equal. Also, 
data on recaptures in that study indicate that the antelope squirrel was more 

"numerous than the Mohave Ground Squirrel. D. F. Hafner wrote "to the 
Department that "[w]hen considering massive habitat alteration and destruction 
(as is contemplated by the petitioners), the fact that _isolated colonies 
display 'dramatically high population and densities' is meaningless; whether 
high or low densities, the population will disappear along with the habitat. 
Rather, it"isthe geographic spread of colonies (small and precinctive in 
nature) and the entire ~pecies range (small in comparison with other species) 
that is important." 

The fourth paragraph stated that "BLM studies (1988 through 1990) prepared by 
Leitner reveal high population densities of MGS in the Coso Geothermal 
Resource Area.'" The studies at Coso by Leitner and Leitner (198~, :2990) and 
Leitner et al. (1991) were not conducted for the ELM but for California .Energy 
Company, Inc., a private firm involved in geothermal resource development at 
Coso. The studies have not revealed "high population densitieJl" of the Mohave 
Ground Squirrel. This error.also has been pointed out by"P. Leitner, a 
scientist who is the principal investigator in the studies at the Coso Known 
Geothermal Resource Area and who wrote to the Department in response to the 
public notice on the petition to delist the squirrel (see his letter in 
Appendix E), as follows: "It is misleading to state that the Coso study has 
documented "high population densities of MGS". Since this is the first 
investigation that has established population densities for the species, we 
nave .no basis for judging whether these values are 'high' or 'low' relative to 
past conditions or to other parts of the MGS range." The only valid conclusion 
is that the Coso study has shown densities to vary greatly between the four 
study sites in any given year and to fluctuate drastically between years at 
each study site." 



The fourth paragraph of this section of the petition also stated that 
"[e]stivation periods were shown [at Coso] to change year-to-year due to 
environmental changes such as the drought. The studies also show that females 
will control their habitat by not bearing any young to compete for limited 
food supplies during drought years. These studies suggest that past trapping 
surveys showing decreased numbers of squirrels may be erroneous in their 
conclusions due to estivation periods of greater duration resulting from 
environmental .factors." .P. Leitner, in his letter to the Department, 
commented on that s~atement, as follows: "The Coso study has not shown that 
the MGS estivation period changes from year to year in response to 
environmental variables such as rainfall. Only in one year (1990) did we 
attempt to establish the timing of entry into estivatio~ through the use of 
radiotelemetry. Therefore, our data do not allow valid conclusions about year 
to year variability in the estivation period in the Coso region. While our 
study suggests that adult MGS at Coso enter estivation earlier than reported 
by Recht (2977) for a population in the southwest corner of the range, our 
results should not be used to discredit trapping studies conducted at other 
locations." 

It should be noted that female Mohave Ground Squirrels do not "control their 
habitat by not bearing any young to compete for limited food supplies during 
drought years." That statement reflects a basic lack of understanding about 
biological principles on the part of the petitioner. Female squirrels do not 
bear' young in severe drought years because they must spend all of their time 
foraging, in order to build up adequate fat reserves to survive ·estivation. 
Reproductive activity on the part of females in suspended in those years. 
(See th~ discussion in the subsection under Effects of Drought in this status 
review. ) 

Nature and Degree of Threat 

In this section of the petition, the first sentence of the first paragraph 
stated that the "listing of the MGS as a 'threatened species' lacks any basis 
in scientific :fact." This theme of the petition .is itself not supported by 
scientific information. The first paragraph went on to discuss the' "little 
quantitative scientific information available" in 1.971 when the squirrel was 
listed and stated that "it .is not understood how the 1971. Fish and 'Game 
Commission was able to conclude that the MGS be· classified as 'rare'." .As was 
discussed in the subsection under Background to Species Listing in this 
analys~s,the emphasis of the petition on quantitative. data available to the 
Commission in J.97J. is .irrelevant. The Commission of 22 years ago had specific 
criteria to be used .in deciding whether .a species should be l.isted. Current 
criteria require apetitione'r c·to bear.a substantial burden .of pr.oof that the 
.petitioned action is warranted. The same burden' of proof is required of a 
petition to delista species. The County of Kern has not off~red such proof. 
Current criteria 'hav~ been applied .by .the Department in.i tS . .J:',eview o.f the 
status of the Mohave Ground Squirrel· for this report. The availabie 
information supports the Department's view that the squirrel deserves to be 
listed as a Threatened species. 

The last two 'sentences of the £irst paragraph .stated that "the studies that 
'were immediately Subsequent to the 1.97.1. 'listing were inconclusive and based on 
generalizations rather than scientific fact. Hoyt's [J.972] study is such an 
example." Which other studies are inconclusive was not explained in the 
petition.D.F ... HOyt wrote to the .Department that "I must strongly protest 



the allegation that my study was not based on scientific fact. I surveyed 
museums and trapped animals; these are valid scientific facts." 

The second paragraph stated that the studies of Wessman (1977)" Aardahl and 
Roush (1985), and the "BLM Coso Studies" [sic - reference to the work of 
Leitner and Leitner (1989, 1990) and Leitner et al. (l991)?] "support the 
delisting of the species." ~his'statement simply is not true. Neither,those 
workers or any others who have prepared scientific reports have recommended 
delisting of the squirrel or have written that any scientific information 
warrants delisting. C. Uptain wrote to the Department that the !' studies 
referenced do not support the delisting of the species. Although these 
studies have shown that MGS are relatively abundant in some restricted areas, 
the res~lts cannot be broadened and used ,to represent the entire range of the 
sp~cies. In fact, the multitude of trapping surveys that have resulted in 
negative results gives a better indication of the relative abundance and 
distribution of the species throughout its range." 

The petitioner also stated that the "existence of a large habitat range (in 
excess of 7000 square miles) also supports' this conclusion [that the squirrel 
should be delis ted] ." The use of the term "habitat range" is an example of 
the petitioner's unfamiliarity ,with scientific terminology and biological 
concepts. Habitat and geographic range are entirely different concepts. 
Habitat is the aggregate environment in which a plant or animal occurs, 
characterized by one or more plant communities. The range is the physical 
area occupied by the habitat, with non-habitat interspersed. No habitat is 
continuous within the range of a species. In the case of the Mohave Ground 
Squirrel, much of the geographic' range naturally is in non-habitat such as 
rocky areas and dry lake beds. Additional non-habitat has been "created" from 
habitat through human development. It is misleading to attempt to emphasize 
that the 7000-square-milerange o,f the squirrel is all habitat. 

The third paragraph repeated the assertion, which was .refutedby P. Leitner in 
the previous subsection of this analysis (Distribution/Abundance), that "the 
more recent studies have shown that estivation in the MGS varies from year-to­
year so that trapping surveys may not be' accurate." The third paragraph also 
asserted that the "MGS may migrate for food and may not appear at the same 
loc~tion year after year." In response, P. Leitner wrote to the Department as 
follows: liThe Coso study has not shown migration or movement of MGS from one 
location to another in response.to' differences in food resources. However, we 
have documented the complete elimination of an MGS pop~lationat one of the 
four Coso study sites, probably as a result of drought conditions. The 
species was present 'at this location in 1988 and has not reappeared through 
the 1992 field season. Thus, MGS populations are susceptible to local 
extirpation as a result of natural environmental fluctuations." 

The third,paragraph pointed out that the Department no longer accepts the 
results of live-trapping studies which indicate that the Mohave Ground 
Squirrel is not'present at a site (see the discussion of this change in the 
Department's policy in the subsection under Cumulative Human Impacts 
Evaluation in this status'review), and that the Department believes "that any 
location within a wide range may be potential habitat .... If this is the 
case, why is the species 'threatened' if any ,location may be future habitat?" 
First of all, the Department has not stated that any location within the 
geographic range of the squirrel may be habitat. What the Department has 
recognized is that the squirrel may be found in every native plant-community-



type within its range. A plant community does not have to be occupied by the 
squirrel in order to be habitat; the squirrel is not- continuously distributed 
across each plant commun-ity or across its range, probably due to natural 
phenomena (seethe discussion in the subsection on Distribution in this status 
review). The squirrel retains its Threatened status based on the Department's 
~987 evaluation (Gustafson ~987) of continuing habitat destruction and 
degradation. 

The fourth paragraph stated that the "available information" ·lead the 
petitioner to conclude that, among other things, "with a known range exceeding 
7,000 square miles, the species is not confined to a relatively small and 
specialized habitat". The reference is to one of four criteria developed by 
the Department and considered by the Commission in listing the Mohave Ground 
Squirrel as Rare in 1.971. (See the discussion under Listing As Rare .in this 
status review.) The squirrel was indeed confined to "a relatively small and 
speciali.zed habitat", that of desert-scrub plant communities in the western 
Mojave Desert, .in2.971. and that ~ituation has not changed. In fact, the 
western Mojave Desert has been described by Hafner (2992) as a region of 
increased biological importance because it was a refugium (an area not 
directly affected by a climatological event in which animals and plants could 
survive during the event) for the Mohave Ground Squirrel and perhaps other 
animals and plants during the continuously rainy period of 25,000 to ~o,OOO 
years ago in western North America. (See the discussion of the effects of 
this rainy period in the Distribution subsection of this status review.) 
Hafner (1.992) recommended that .conservation efforts be directed toward 
protecting plant and animal communities in the western Mojave Desert because 
of their isolated and unique .nature. 

The Mohave Ground Squirrel occupies the smallest geographic range of any of 
the seven Spermophilus ground squirrels in California. A range of 7,000 
sqUare miles is exceedingly small for a full ~pecies of mammal in North 
America (see range maps in Hall 1.982). Endemic California mammals with ranges 
of similar sizes all are listed as .Threatened or Endangered by the Commission 
and the federal government or are candidates for listing. This is because in 
an urban state like California the degree of impact of human activities .is the 
greatest on habitat in the smallest geographic ranges. The habitat of the 
Mohave Ground Squirrel is specialized. The squirrel exists nowhere other than 
in desert scrub habitat of several planb-community-types in the western Mojave 
Desert. 

Two of the other conclusions in the fourth paragraph which were based on 
"avai·lable information" are that the squirrel was listed without;: scientific 
facts supporting the listing and that 'recent populat·ion studies. have found 
"substantial" populations of the species. These.are not substantive. 
conclusions; they have been addressed earlier in this analysis. 

The final conclusion, or actually a statement , was that ·.thepeti.tioner does 
not understand "with so much of the habitat range [sic] being public lands", 
"why privat.e land development activity has caused imminent danger to the 
continued existence of the species."· The·answer to the question of "why" is 
that a disproportionate share of the destruction, degradation, and 
fragmentation of the habitat of the squirrel has occurred on private lands, 
which constitute about 36% of the range of the squirrel. Even though local 
lead agencies have had. the authority of the of the California Environmental 
Quality Act . (CEQA) to regulate land use since 2973, many agencies have 



approved projects without choosing an alternative which would avoid or 
minimize impacts to the Mohave Ground Squirrel. The evidence for this can be 
observed on private property in the jurisdiction of each local agency within 
the range of the squirrel. The entire southern portion of the range, from 
Lucerne Valley in San Bernardino County to the western end of the Antelope 
Valley in'Los Angeles County.t which covers the jurisdictions of at least six 
local agencies, is so impacted by the effects of habitat loss and 
fragmentation from urban and rural development that the squirrel probably no 
longer exists in most of that area. Indeed, the County of Los Angeles 
believes "that there is a highly unlikely probability that the Mohave Ground 
Squirrel still inhabits their [sic] historical range in Los Angeles County" 
(Schwarze 1993) . As long ago as 1977, Wessman (1977) qUestioned whether the 
squirrel still inhabited the portion of its range east of Victorville. (See 
the discussion of the implications of extirpation, or local extinction, of the 
squirrel in the south under Conclusions in this status review.) 

CUrrent and Recommended Management 

This section of the petition began with the following paragraph:. "The 
delisting of the MGS' as . a. 'threatened,' species is long overdue .It is 
illogical to list a species with little or no scientific fact and then spend 
subsequent years trying to just~fy the listing through piecemeal studies. It 
is an unwarranted burden to the public to continue to attempt to justify the 
listing." The first sentence in that paragraph is an opinion which is not 
supported by information presented in the petition. As has been noted earlier 
in this analysis, no scientist who has conducted studies of the squirrel has 
recommended delisting of the squi.rrel.. C. Uptain wrote to the Department that 
"[d]elisting of MG$ is not long overdue. If fact, available data and the 
current local political climate suggest that it would be appropriate to 
petition the United States .Fish and Wildlife Service to also list the species. 
Recent studies have not been conducted to try to justify continuedlistingj 
studies have primarily been conducted to more fully understand the biology of 
the animal and to determine appropr.iate mitigation for development projects, 
not to determine the population status'.'" 

The BLM, even though its official position in 1986 was that continued listing 
of Threatened was unwarranted, has not recommended or petitioned for 
delisting; The BLM's position in 1986 supposedly was based on the results of 
its 1989 study of 22 sites occupied by the Mohave Ground Squirrel in the 
northern and central parts of its range. (Interestingly, the principal author 
of the report on that study [Aardahl and Roush 1985] did not agree that the 
report should be used as the basis for proposing delisting of the squirrel -
J. Aardahl pers. commun.) Currently, the BLM supports the Department's 
recommendation in this status review that the squirrel should retain its 
Threatened status. A .letter of support (Hastey 1993) concluded that 
"[l]ittle, if any, new biological data have been submitted by the petitioner 
in support of the petitione~ action" j' "[r] etention of the present. threatened' 
designation would appear to be appropriate given the existing management 
situation"; and" [w]ithout new data to document a change for the better in the 
status of the Mohave ground squirrel, we support the Department's 
recommendation that the. petitioned delisting is 'not warranted at this time." 

The .Departmenthas not spent years attempting to justify the listing. 
Periodic studies of a listed species are necessary to de,termine the current 
status. Unfortunately, as the Department wrote to the' Commission on 



February 24, 1992, "[f]unds have been unavailable to the Department due to 
established priorities for limited monies for such work, [i.e.,1 for the 
purpose'of obtaining information on life history and limiting factors, and for 
updating knowledge of the effect of habitat on the [squirrelJ " (Gibbons 1992) . 

In regard to the "unwarranted burden to the public", the petitioner did not 
specify how the listing of the squirrel is a burden. This maybe a reference 
to the supposed economic impact that the squirrel is having as a listed 
species in Kern County. No local government other than the County of Kern 
within the range of the squirrel has described an economic impact or burden or 
has recommended delisting of the squirrel. The City of Ridgecrest, in Kern 
County and within the range of the squirrel, has entered into a Section 20Bl 
management agreement (see discussion of these agreements in the subsection 
under Section 20Bl Management Permits.) with the Department in order to allow 
for take of the squirrel within city limits while mitigating off-site. The 
Department has proposed to. the County of Kern that it apply for a similar 
permit for areas outside of Ridgecrest's city limits, but the County has not 
completed the process. Thus, property owners in unincorporated areas of Kern 
County .have limited legal means of developing in habitat of the Mohave Ground 
Squirrel. The County of Kern cited significant impact to economic growth from 
the listing of the squirrel as a Threatened species in the Executive Summary 
of the petition. When information on this impact was requested by the 
Department in October 1992, the County could not produce it. 

As this status review' was being completed in late March 1993, the Department 
did .receive a letter from the County of Kern. (James 1993) which was 
accompanied by a list of projects. According to the letter, these were 
projects for which property owners had to incur costs or were subject to costs 
for biota .reports or for compliance with re'quired mitigation to address Mohave 
Ground Squirrel issues. There was no indication in the letter or the list 
which projects actually had incurred such costs or what the dollar amount of 
any costs were. There was no indication that any incurred costs have amounted 
to a "significant impact" as stated in the petition. The County of Kern 
routinely requires biota reportsirom desert property owners to address 
sensitive-species issues in addition to tlie Mohave Ground Squirrel. Also, 
affected property owners in Kern County must comply with mitigation 
requirements for the Desert Tortoise. Thus, the Department still has no 
.information on what costs actually have been incurred for biota .. reports or for 
compliance with mitigation requirements specifically for the squirrel and no 
information on whether those or other incurred costs have had a "significant 
impact." 

It'is interesting to note that, of the 2l letters received .to date in response 
to the public notice on the petition to delistithe Mohave Ground Squirrel (all 
letters are in Appendix E), only one letter supports the delisting of the 
species . ThatJ:'etter is fr:0m·the National Training Center· and· Fort Irwin .. Of 
the other .20 letters, seven are £rom residents of Kern County. C. Panlaqui, a 
resident of Ridgecrest, wrote that "I have been a land and home owner in 
[Indian Wells] Valley for 32 years and am fully prepared to support economic 
costs which may be entailed by listing."Thus, it is apparent that 'some 
members of the public in Kern County do not consider the Threatened status of 
the squirrel to be an "unwarranted burd~n" . 

The .remainder of this section of the petition consisted of the presentation of 
five management programs which, presumably, can suffice to protect the Mohave 



Ground Squirrel after it is delisted and loses the protections of CESA. These 
programs and the contentions of the petitioner can be summarized as' follows: 
1. CEQA is sufficient to "ensure the long-term protection of the environment 
including wildlife", because the Department "reviews and commen~s on local 
agency CEQA documents"; 2. results of studies in the Coso Mitigation Program 
"will provide the basis to better manage BLM and other federal lands"; 3. 
land use programs in local agency general plans which designate open space or 
areas. of nonintensive development "appear to complement the habitat 
requirements. of the MGS"; 4. if the squirrel is listed in the .future after' 
delisting now, the endangered species.. element of the County's general plan 
"would advocate the preparation "of a habitat conservation plan to address the 
needs of the species; and 5. coordination and development of land management 
programs by the BLM and military agencies "are possible to enhance and protect 
habitat for MGS." 

In regard to program 1, it is obvious to the Department that CEQA has not 
worked to the advantage of the squirrel in the past. The Department does not 
disagree with the contention regarding program 2, but there is no assurance 
and no requirement that the federal land management agencies will use the 
results'of the studies at Coso'to'benefit the squirrel. In .regard to program 
3, it 'is unlikely that open spaG:e designations would be sufficient ·t"o protect 
habitat in the size and pattern necessary for lorig-term survival of the 
squirrel. Program 4, the endangered species element in the County of Kern's 
general plan has not been completed. A draft reviewed by the Department in 
December 1991 required many changes to ensure its adequacy to protect such 
species. In regard to program 5, the Department agrees that federal agencies 
could protect much of the squirrel's habitat, but participation of private 
prope~ty owners and the local-agency regulators of private land use .is 
necessary. to assure the long~termsurvival of the squirrel. 

In summary of this section, it must be pointed out that there will be no legal 
incentive to protect any habitat of the Mohave Ground Squirrel if the species 
is delisted. Rather than delist the squirrel and then initiate programs to 
protect it as the petitioner suggested, the Department believes that the 
logical sequence is to develop and implement a program or programs of 
protection for the long-term and then seek delisting asa consequence of 
successful management and recovery.. Such programs are not presently in place; 
those suggested by the petitioner have not proven to be adequate alone or in 
the aggregate. If delisting is to. be proposed and considered, it seems 
logical that adequate protections must be in place. T~e County of Kern has 
proposed no meaningful remedial strategies or actions to achieve the goal of 
protecting the squirrel in the long-term. 

C. Uptain wrote to the Department. that the "petition. claims that adequate 
protection measures would remain in effect if the species were delisted. This 
is not the case. MGS would no longer be considered in CEQA documents; many of 
the proposed developments would not require a review above the County level. 
This would not be in the best interest of MGS protection. Further, 
Jurisdictional Plans, General Plans, and cooperative~and management'programs 
would not be required to address this species. Additionally, military bases 
would not be persuaded to consider this species in their management plan (even 
now they are not required to con'sider this species because it is not federally 
listed). Delisting of MGS would critically affect the long-term survival of . 
the species."P. E. Brown, a scientist and consulting biologist who has 
conducted research on the Mohave Ground'Squirrel, has .written to the 
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Department in response to the public notice on the petition to delist the 
squirrel (her letter is in Appendix E) that" [0] pen space and nonintensive 
land use in any general plan do not protect MGS if grazing, mining, and [off­
highway vehicle] use continue. This is also true on BLM and military lands 
that are not managed with wildlife values as the priority." 

J. B.Aardahl wrote to the Department that a "delisting action by the 
Commission at this time would result in an accelerated loss 'of habitat for the 
species on both private and federally managed lands'due to the lifting of the 
restrictions that are now in place which are designed to limit the loss of the 
habitat through mitigation and compensation." 

Sources of Information 

The petition in this last section did not list the Department's J.987 five-year 
status report on the Mohave Ground Squirrel (Gustafson J.987), nor did it list 
the reports of Leitner and Leitner (1989) and Leitner et al. (HI91.) on the 
important work at the Coso Known Geothermal Area. Other pertinent sources on 
the squirrel, such as Adest (1972), Grinnell and Dixon (1.9~8), and Howell 
(1.938) also were not listed. The petition misidentified the work of Leitner 
and Leitrier (1990) as "Bureau of Land Management Leitner Study". The 
citations for Aardahl and Roush (1985), Bartholomew and Hudson (1.960), Hoyt 
(1972), Recht (.1977), Wessman (1977), Zembal and Gall (~980), and Zembal et 
al. (1979) were incorrect and/or incomplete. The missing of a substantial 
portion of the literature on the Mohave Ground Squirrel and the incorrect 
interpretations or conclusions reached by the petitioner in its review o.f the 
included literature demonstrate that the petition is incomplete. The 
petitioner has selectively chosen "facts which appe·ar to support .the petitioned 
action while ignoring or misstating information which does not support the 
action. 

SUMMARY 

The opinion of the Department is that the petition from the County of Kern to 
delist the Mohave Ground Squirrel as Threatened not only failed to provide the 
"sufficient scientific information" reqUired by Section 670.1.(a) of Title 14 
of the California Code of Regulations and by Section 2072.3 of the Fish and 
Game Code that the petitioned action may be warranted, but also £ai"ledto 
provide any substantive information to support the contention that the 
squirrel should be delisted. The petition systematica:)..ly and pervasively 
misinterpreted, misstated, and ignored .factual information £rom the available 
literature which would weaken its position .for delisting. This observation is 
not only that of the Department. It was mentioned by a number o"f persons who 
wrote to the Department in response to the public notice on the petition (all 
letters are in Appendix E) . 
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FINDINGS 

THREATS 

Effects of Drought 

In the western Mojave Desert, biological productivity "is driven primarily by 
precipitation, especially that. arriving in the fall and winter" (Leitner et 
ai. 1991) .. A single year of low rainfall may result in decreased productivity 
·(quantity, quality, and diversity) of annual plants (forbs and grasses) and 
shrubs in local areas. The Mohave Ground Squirrel seems to respond to low 
rainfall by failing to reproduce. The decreased quality of the habitat also 
affects survivorship of adult squirrels. Data collected by Leitner and 
Leitner (l989, 1990) indicated that their study site (no. 3) with the highest 
.nuIDber of resident Mohave Ground Squirrels in 1988 also had the highest 
standing crop of annual plants (expressed as grams per square foot or pounds 
per acre). In 1989 on that site; low precipitation and low standing crop 
coincided with .a complete lack of reproduction of the squirrel. The work of 
Leitner .and Leitner (l990) was the first documentatiop. of drought-associated 
reproductive failure in the Mohave.Ground Squirrel. After four years (l988-
93.) of data collection, Leitner and Leitner (l992) hypothesized that a 
herbaceous standing crop of approximately l gram per square foot is the 
minimum required for reproduction in the squirrel.' c9J( r' h(Y..{) m(;lpL[ cf42.-? 

Prolonged periods of drought result .in the ext:j.nction of Mohave Ground 
Scjuirrels in local areas~ No young are born for several years, the 
survivability of adults is reduced by poor habitat conditions, and the 

\ . .. 
remaining adults eventually die due to old age and predation. The species 
presumably became extinct on the Leitners' study site l in .Rose Valley after 
3.988, due to .lowrainfall in 1..988-89 and .l989-90 (Leitner et ai. 1.99l). 
Leitner and Leitner (l990) wrote that the adaptive response of female Mohave 
Ground Squirrels in years of :low precipitation and reduced plant growth, in 
order to survive through the estivation-period, is to "suspend reproductive 
activity and enter estivation as soon as they can build up adequate lipid 
[fat] reserves." Waiting until after young are weaned in dry years to begin 
accumulating fat would doom females which reproduced, due to lack' of 
sufficient time to' g~in weight. The evolutionary strategy of suspending 
reproductive activity and concentrating on gaining weight ensures the survival 
of the species ('Leitner and Leitner l.99'O), as long as droughts are of short 
duration and sufficiently large .areas of habitat exist~ 

Because rainfal.l patterns are highly variable in· the western Mojave Desert 
from site to site and from year to year on the same site, it is highly 
unlikely that the Mohave Ground Squirrel could become extinct across its 
entire range due to low rainfall alone. Some populations surely thrive 
through reproduction in areas of sufficient rainfall; others simply survive in 
poor rainfall areas while still others are extirpated. Habitat vacated by the 
species thrqugh extirpation may gradually be repopulated by movement of 
animals from adjacent areas. There is no reason to believe that this pattern 
of extirpation and repopulation has not occurred for thousands of years in the 
range of the Mohave Ground Squirrel. 

When a population of the squirrel is extirpated, it may take years for the 
species to repopulate the vacant area (see the discussion of the implications 
of the squirrel's lowvagility, or ability of an animal species to become 
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widely dispersed, in the section on Distribution and Abundance). Extirpation 
and repopulation are natural events, but currently the ability of the Mohave 
Ground Squirrel to reestablish itself in areas of extirpati'on is impeded and 
often precluded by the pattern of human development in the desert. Areas of 
desert vegetation which are isolated by urban development and agriculture can 
never be repopulated if their populations of the squirrel are extirpated. 

Habitat Destruction 

The major cause of decline of the Mohave Ground Squirrel has been the 
destruction of its habitat by humans for the purpose of development for urban, 
suburban, agricultural, military,or other use. As is discussed in the 
Esse~tial Habitat section of th;is status review, virtually any native plant 
community within the geogrckphic range of the Mohave Ground Squirrel provides 
habitat for the species. ~hus, destruction of, or other damage to, any plant 
community in the range co~stitutes destruction of the squirrel's habitat. 
Destruction of habitat.,.:r::esults in an immediate loss of Mohave qround Squirrels 
~n areas occupied by the species. Destruction of habitat in which squirrels 
are absent due to previous extirpation (extinction in a local area) 
constitutes loss of squirrels which. would have occupied that .habitat in a ~ 
future population expansion. The long-term impact to the species of loss of 
habitat which could be occupied probably is much the same as loss of occupied 
habitat. In both cases, the use in the present or future of the physical 
space is lost to the squirrel. 

Destruction occurs on a small scale in the building' and maintenance of paved 
roads and highways, individual rural homes, small orchards and other 
agricultural plots, small developments of homes near cities, laying of 
pipelines, and building of power lines and ,canals. These small-scale, 
piecemeal developments are significant, however, because they increment?tlly 
increase the total amount of Mohave Ground Squirrel habitat lost in a region. 
No single small development threatens the squirrel's existence in the region, 
but the total cumulative impact is greater than the sum of the individual 
impacts. This is due to the effects of habitat fragmentation and the 
degradation of habitat which accompanies·direct loss to. development. The 
fragmentation and degradation of habitat is discussed later in this section: 

Destruction occurs on a large scale in the development of .large subdivisions, 
shopping malls, gol£ courses', building complexes on military bases, prisons; 
aircraft runways, large agricultural fields, solar eneJ?gy .facilities, 
communication £acilities, sewage disposal facilities, landfills, dikes and 
levees, and geothermal facilities; in the testing of weapons and conducting of 
troop.training on mil.itary"bases; .and in the use of designated and 
undesignated off-highway vehicle areas. The area at the National Training 
Center and Fort Irwin distu~bed by mili.tary training is about ~30, 000 acres in 
the:cge0graphic,range .of the squirreL -Krzysik (1.991.). noted heavy shrub losses 
and disturbance due' to military.training at Fort Irwin. Four ,authorized off­
highway areas operated by the BLMoccupy over ~03,OOO acres within the range 
of the squirrel, although not all of the habitat in that acreage has been 
destroyed. No single large development or activity by itself threatens the 
existence of Mohave Ground Squirrels in a region, unless it destroys the last 
population of animals. However, the total impact of all large developments" 
combined with the impact of smaller developments, can result 'in the regional 
extirpation of the species. This may be what has occurred in the western 
triangle of the Antelope Valley/west of Highway J.4, and in the region east of 
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Victorville (see discussion in Distribution and Abundance section of this 
status review)· 

Habitat destruction has occurred throughout the range of the Mohave Ground 
Squirrel. In its first biennial report on the status of State~listed Rare and 
Endangered species, the Department (CDFG ~972) noted that, in regard to the 
Mohave Ground Squirrel; "[a]ccelerated urbanization and land use changes 
[primarily agriculture] taking place in the Mohave [sic] ,River Basin and 
Antelope Valley are destroying most of its habitat." The greatest .loss has 
been in and adjacent to the cities of Ridgecrest, Victorville/Adelanto/ 
Hesperia/Apple Valley, and palmdale/Lancaster, with some urban development in 
the towns of Little Rock, Rosamond, Mojave, California City, Inyokern, North 
Edwards, Boron, Kramer Junction, and other small named areas of human 
habitation. Vasek ,and Barbour (l988) noted that "Joshua tree woodland has 
also suffered form land clearing around new residential developments, such as 
California City in Kern Co." Additional human development has occurred at the 
headquarters area and outlying areas of each major military base wit,hiIi. the 
range of the Mohave Ground Squirrel. These are the China Lake Naval Air 
Weapons Station, National Training Center and Fort Irwin, and Edwards Air 
Force Base. The extensive Joshua Tree stands of the Anteiope Valley west of 
Highway l4 have been almost completely destroyed for agriculture, and now the 
agricultural land is being built upon .for urban and suburban uses. 

The three urban areas and smaller towns within the range of the squirrel have 
continued to grow since the listing of the species in 1971. Currently, over 
165,000 acres within the range of the Mohave Ground Squirrel are urbanized. 
When the delineated spheres of influence of the three urban areas mimed above 
,plus California City and Mojave are completely built out, 'over 750, 000 acres 
of former habitat of the species will have been lost. M. Starr, a scientist 
who is conducting research on the effect of hUl1lan acti vi ty .on the squi'rrel, 
wrote to the Department (his letter is in Appendix E) that ",[i]n the last 
decade, population growth in the cities of the western Mojave Desert has 
averaged nearly lOO%- (ranging from a ·low of 30%-, for Barstow and Mojave to the 
highest rates of Victorville at 186%-'and Palmdale at a~ incredible 460%). 
Associated with such growth is an increase in supporting structure as new 
houses (up more than 50%), shopping malls (up 30%), roads etc. Together these 
land uses have resulted in a greater than 50% increase in the loss of open 
lands (amounting to hundreds of 'square miles). Worse, such growth is 
projected to continue well into the next century, fueled in part by the net 
outward migration from Los Angeles .... " 

Rural development currently accounts for 2lS,000 additional acres of lost 
habitat. Current agriculture occupies about 3~,000 acres. Disturbances of 
the desert surface for uses other than urban, rural, and agriculture cover 
another 209,000 acres.' The latter figure does not include paved and unpaved 
roads within the range of the Mohave Ground Squirrel. All figures have been 
derived from computer calculations in the BLM's geographic information system 
arid are based on the area of polygons drawn around disturbed areas ,plotted 
from aerial photographs. 

,Aardahl and Roush (l98S) stated that "[s] ignificant loss of habitat for the 
Mojave [sic] ground squirrel has occurred on private lands due to urban and 
agricultural development. such habitat lo~s has occurred in the Antelope 
Valley, Victorville-Apple Valley-Hesperia area, along the Mohave, [sic] .River 
between Barstow and Victorville,' western Fremont Valley, Harper Lake basin and 
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Rose Valley." Hoyt (197~) and Hafner and Yates (1983) noted that agricultural 
fields had been established in (former) habitat of the Mohave Ground Squirrel. 

Bury et ai. (1977) studied the effects of off-highway vehicles 'on terrestrial 
vertebrates (reptiles, birds, and mammals) in the Western Mojave Desert at 
four sites south of Barstow. All study areas were in the Creosote Bush Scrub 
community-type. Thes.e authors found that off-highway vehicle activity had 
both direct and indirect negative effects on ground-dwelling animals. Direct 
effects were running over individual animals but also included collapsrng 
burrows and breaking shrubs which provided cover. "Indirect effects are 
perhaps the most significant and result from the destruction of vegetation and 
disturbance of soil. Vegetation is destroyed by crushing and root exposure. 
Mechanical disturbance upsets the water storage, penetration capacities, and 
thermal structure of the soils and disrupts the germination strategies of 
seeds. . .. One .resul t is a reduction in the number of spring annuals in areas 
of [off-highway] vehicle use. The loss of these annuals likely means the loss 
of seeds and forage as well as the loss of arthropods ~which serve as food for 
vertebrates] that feed on these annuals ... " (Bury et ai. 1977). These authors 
concluded that off-highway vehicles detrimentally affect wildlife and Creosote 
Bush scrub habitat in the Mojave Desert. 

Leitner (1980) believed that "it 'will be very difficult to carry out 
geothermal exploration and development activities [in the Coso Geothermal 
Study Area] without causing some adverse impacts [to Mohave Ground 
Squirrels] ." Leitner and Leitner' (1989) 'reported that "[d] evelopment of 
geothermal resources for electric power production in the Coso Known 
Geothermal Resource Area (KGRA) is resulting in habitat loss for the Mohave 
Ground Squirrel .... Up to 405 [hectares] (1,000 [acres]) of desert. scrub 
habitat within the China Lake Naval Weapons Center ... is committed to 
geothermal development or under consideration for planned or proposed 
developments .... " "Biological resource .studies conducted in the Coso KGRA .in 
1978 and ~979 [Leitner.~980] demonstrated that much of the area with the 
highest potential for geothermal development also supports the Mohave Ground 
squirrel. " 

Habitat Fragmentation 

Fragmentation of habitat is another cause of decline of the Mohave Ground 
Squirrel. The phenomenon of'£ragmentation occurs when blocks of habitat 
become separated or discontinuous by destruction of th~ intervening habitat. 
Populations of animals thus become separated, and gene flow (the transmission 
of inheritable characteristics) between these populations no longer occurs. 
If habitat blocks are separated by even a small distance, it is unlikely that 
Mohave Ground Squirrels would.cross the intervening space in any numbers. The 
populations are effectively permanently separated. When fragmentation occurs 
ana large scale,with,tens·of·thousands of· aClCes ·in,a ·block, the blocks"may 
'i·unction as separate populations for many years wi.thou't eff.ec·t . However, the. 
animals in isolated blocks of any size are more subject to the negative 
effects of environmental factors which reduce their abili'ty to survive than 
are animals in the original continuous habitat throughout the geographic 
range. The gradual loss of genetic variation in animals occupying 
discontinuous habitat will eventually result in a populat'ion that may not 
adapt quickly enough in response to environmental conditions (Soule 1986). 
The result, in the long run, is extirpation of animals in that block of 
habitat as conditions change. 
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If the population in an isolated block becomes extirpated, there is no natural 
method for other Mohave Ground Squirrels tof~nd their way to the new 
unoccupied habitat. There is no information on how large a block of habitat 
must be for Mohave Ground Squirrels in the block to surviv€ without 
recruitment (the movement from outside the block of animals representing new 
genetic adaptions) for 50, 100 or, 500 years, standard lengths of time 'used by 
conservation biologists in assessing risk of extinction for a species. 
However, there is enough information available to allow the Department's 
Mohave Ground Squirrel Working Group to calculate a minimum size 'of protected 
habitat zones for the squirrel, using data on the number of breeding females 
per unit area. (See the discussion in the subsection under Abundance in this 
sta tus review.) 

A guiding premise in conservation biology is that th~ smaller an area of 
isolated habitat is, the greater the risk is that a population of animals will 
be E?xtirpated due to changing environmental conditions. If these conditions 
are exacerbated by human-induced changes in habitat, such as garbage dumps, 
roads, traffic, power-line and pipeline rights-of-way, off-highway vehicles, 
and livestock grazing, then the risk of extirpation increases. Rempel and 
Clark (1990) found in the Indian Wells Valley that" [p]arcel splits and larid 
subdivisions and the accompanying roads have resulted'in extensive 
fragmentation of the vegetative communities .... Of the approximately 43,000 
acres in the study area" only 6,300 acres are in parcels 160 acres or larger 
in size. Parcels l,ess, than 160 acres but greater than 20 acres in size 
account for 19,500 acres and the remaining 17,200 acres occur in parcels which 
are less tnan 20 acres in size." 

Habitat can become fragmented on a small scale bY,natural means,' such as 
through a wildfire hot enough to kill seeds in the ground, sprouting shrubs, 
and squirrels within their burrows. In such a case, Mohave Ground Squirrels 
would be unable to live in the burned area. However, the effect is temporary 
because the vegetation reestablishE?s itself' and the area becomes habitat for 
the squirrel once again. 

Habitat Degradation 

Degradation of habitat is a third cause of the decline, of Mohave Ground 
Squirrels. This occurs in cases in which the habitat .is not destroyed but is 
damaged .by natural or human-induced means. Natural degradation might occur as 
the result of a wildfire, sandstorm, drougnt,flashflo?ding, or heavy rain 
which destroys some plants in a habitat. However, the effect is temporary, 
and Mohave Ground squirrels in reduced numbers. can continue to use the habitat 
during the natural process of restoration. 

Squirrels also may, be able to use habitat damaged by human-induced 
degradation. The dumping of garbage, use of off-highway vehicles, and annual 
grazing by livestock are examples of human-induced degradation. Air pollution 
from automobile exhaust, known to damage coniferous forests in the mountains 
of southern California, may also damage the shrub communities in the Mojave 
Desert. A population of Mohave Ground Squirrels living in a degraded habitat 
may be smaller than that of ,a similar-sized non-degraded habitat, depending on 
the degree and extent of damage, becaus'e the resources (vegetation for food 
and shelter, soil) available to the population have diminished in quantity and 
quality. Therefore, fewer animals,can be supported and litter sizes (number 
of young born) may be smaller than normal. The physical condition <;>f the 
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remaining animals 'may decline, thus increasing their susceptibility to 
parasites, disease, and predators. 

Degraded natural areas often are found adjacent to cities and towns in the 
range of the Mohave Ground Squirrel. These areas are notable for. the dumping 
of garbage and unusable automobiles and appliances. Hoyt (l972) wrote that 
"[n]umerouslocal investigators have recently noticed an increasing scarcity 
of [the Mohave Ground Squirrel] in areas where, previously, it· has been 
moderately easy. to trap'." The areas in question were not identified, but it 
is likely that some were in the vicinity of towns and cities which have an 
influence on the desert . beyond the limit of buildings and homes. Recht 
(l989), surveying.an area for Mohave Ground Squirrels near Barstow, reported 
that off-highway vehicles used an area near a home tract and domestic dogs 
roamed "freely through the area". Desert Tortoise "remains, with canine bite 
marks and surrounded by domestic dog paw prints, were found .... " Near 
Victorville Recht (J.989) noted ·that "[n]eighborhood dogs and teenagers with 
pellet rifles periodically roam through this area." 

Bury et al. (l977)fou.nd that, contrary to arguments, light off-highway 
vehicle use in Mojave Desert plant communities had a damaging effect beyond 
the vehicle trail or track. Even though a trail wound its way among desert 
shrubs, top soil was lost· and/or compacted, seeds as potential food for birds 
and mammals were dispersed and buried by vehicles, and the soil mantle was 
disrupted. Grasses in the path of vehicles were crushed. .Bury et al. (J.977) 
wrote that off-highway vehicles "have been extensively used for less than a 
decade in the Mojave Desert, but already there has been widespread negative. 
impact on desert [plant] communities." 

Grazing by sheep and cattle occurs throughout the geographic. range of the 
Mohave Ground Squirrel, even on' one military base (China Lake Naval Air 
Weapons Center). Currently, grazing is permitted on approximately 2,J.06,000 
acres· within the .range of the squirrel. Of these acres, about 233,000 are on 
military lands and the rest are .on Fubliclands managed by the BLM. Of the 
public area, cattle are authorized on approximately 76J.,000 acres and sheep 
are authorized on approximately "1.,345,000 acres. However, currently sheep are 
not being grazed on approximately 753,000 acres of .BLM land due to a 
Biological Opinion issued by the u.S. Fish and Wildlife Service. (See 
discussion of the Biological Opinion below.) No sheep are being grazed at 
China Lake. Campbell (l988) wrote that .. "desert vegetation [in the range of 
the Desert Tortoise] 'has undergone significant changes. as the result of a 
century or more of .livestock grazing. Perennial grasses, which once· dominated 
large areas of the desert, have disappeared. The annual grasses that have 
partially replaced them are often nonnative species. Shrubs have also 
increased." Vasek and Barbour (l988) noted that "Joshua tree woodlands tend 
to occur on sandy, loamy, or flne gravelly soils, usually.on fairly gentle 
slope's;. -The gentle terrain is·also conduci ve·to-ca ttle-raising .. ·act·i vities-j 
and most Joshua tree-woodlands that we have observed have been subjected to 
moderate or severe grazing pressure." 

Prior to beginning their analysis of the effects of cattle grazing on habitat 
. of the squirrel at the Coso Known Geothermal Resource Area, Leitner and 
Leitner (l989) hypothesized that cattle "may adversely impact Mohave ground 
squirrel populations in one or more ways: l) .by direct competition with 
ground squirrels for limited forage; 2) indirectly, by browsing the shrub 
cover .neededforground squirrel thermoregulation and protection from 
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predators i or 3) by disruption of' the soil. cryptogamic 'crust [the upper layer 
of soil which contains the cryptogams - the fungi, algae, lichens, and mosses, 
which are important desert soil stabilizers], thereby diminishing primary 
production for the ecosystem asa whole .... " Cattle als,? may negatively 
affect squirrels by trampling and collapsing burrows. Sheep may adversely 
affect Mohave Ground Squirrels by competing for grasses and forbs ·and by 
severely trampling local areas. Aardahl and Roush (l98S) wrote that "[l]and 
uses which affect the availability of annual forbs and grasses, namely grazing 
.by sheep and cattle, have the potential of influencing the long-term 
population [viability] of the Mohave ground squirrel. This does not 
necessarily mean [, however,] that properly managed iivestock grazing will 
cause a significant negative impact on the Mohave ground squirrel." These 
authors did not define "properly managed" grazing or how a "significant 
negative impact" could be measured. 

The u.S. General Accounting Office (GAO) conducted a 1991 study of the BLM's 
hot-desert grazing program. "The hot. deserts are among the least productive 
grazing lands in the United States" (GAO 1991). A federal appraisal conducted 
in 1984 found that over l60 acres of desert land were sometimes required to 
support one cow for one month in the hot deserts. The average rate was l6 
acres per cowper 'month (GAO 1991). The GAO examineq grazing practices, 
impacts, benefits, and costs for public lands administered by the BLM in the 
Mojave, Sonoran, and Chihuahuan deserts. A report Submitted to the u.S. 
Congress stated that "BLM lacks the staff resources needed to collect and 
evaluate data measuring the impact of livestock grazing on many desert 
allotments [specific parcels of public land permitted by the BLM for grazing] 
without these data, BLM is not in a position to assess. livestock usage of 
desert allotments and change usage as needed" (GAO 1991). .A specific case 
cited in the r~port was art unmonitored 4S0,OOO-acre allotment in the Mojave 
Desert of California which includes "large areas of habitat for the Mojave 
desert tortoise .... " In addition to lacking staff resources, another 
management problem 'of theBLM is that livestock operators have the authority 
to place the maximum permitted number of animals on an allotment, regardless 
of the amount of forage (GAO 1991). This practice .leads to overgrazed and 
damaged plant communities. 

Two types of livestock-grazing operations on BLM lands may be impacting Mohave 
Ground Squirrel habitat. Sheep are placed on.public lands to take advantage 
of. the spring g.rowth of annual grasses and forbs (called ephemeral forage by 
the BLM). Nine to lO percent of California's sheep use the Mojave Desert for 
approximately 70 days a year (GAO 1991). The sheep move through the 
allotments and are removed to other lands wn,en forage is no longer available. 
The Fish and W.ildlife Service l1.as written that the "ephemeral grazing program 
benefits private livestock producers who transport sheep, primarily from 
California's Central Valley, into the western Mojave' Desert, to feed bands of 
sheep on annual. plant species during the spring. Depending on the rainfall 
during the previous winter and spring, this ephemeral forage or production of 
annual plant species can be extremely lush in portions of the desert. 
Herdsmen graze traditional areas, following routes which allow their flocks 
access to the best annual vegetation. Sheep will feed on perennial species to 
some degree, but tend to concentrate their feeding on annuals. As grazing or 
rising temperatures in late spring reduce the forage base, the herders leave 
the desert for greener pastures. The grazing period varies greatly because of 
weather conditions and the availability of annual species. The sheep-use 
season in the western Mojave Desert has ranged from late February to the 
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middle of June." "No grazing occurred on Bureau land in 1990 because of lack 
of forage" (Plenert 1991) . 

The sheep are in :the desert plant communities at a time when adult and 
juvenile squirrels are foraging throughout each day to gain weight for 
estivation. Another seasonal livestock-operation is that of steer and heifer 
grazing, which occurs on public lands for three to nine months before the 
animals are sold (GAO 1991). The spring, when annual grasses and forbs are in 
bloom, is conducive to steer and heifer operations. 

In regard to Desert Tortoises, whose geographic range in the Mojave Desert 
overlaps much of the geographic range of the Mohave Ground Squirrel and whose 
habitat is much the same as the squirrel's within the squirrel's range, the' 
GAO (l99l) cited specific impacts of livestock grazing on tortoises as 
including "decreases in plant species important to tortoise diets, destruction 
of tortoise burrows through trampling, and reduction of cover needed to hide 
the tortoise from predators." These impacts probably also apply to Mohave 
Ground Squirrels. Areas within allotments where cattle and sheep tend to 
concentrate, such as bedding and watering sites, often are "more heavily 
impacted than the rest of the grazing allotmewt due.to increased amounts of 
manure, trampling, and concentrated grazing,l" (Chambers Group, Inc. 1990). 

\ '-.._-----_ .... -. 
The GAO (l99l) concluded that "[h]istoric grazing practices have' exacted a 
high environmental cost on hot desert ecosystems, and GAO found examples of 
lands that continue to be degraded by current grazing practices. Furthermore, 
research ,shows that livestock grazing can have a detrimental impact on certain 
hot desert wildlife species." The high environmental risks and budgetary 
costs, management problems, and low economic benefits of grazing.led the GAO 
to offer three policy options for consideration by the Congress. One was to 

. provide more. funds for the BLM to monitor grazing and to increase grazing 
fees. Another option was to eliminate the authority of operators to place the 
maximum number of livestock on an allotment, giving the BLM an opportunity to 

. adjust grazing on the basis of the actual forage available each season. The 
third option was. to discontinue livestock grazing in the hot desert, giving 
the de'serts immediate relief and the potential 'for recovery, and freeingBLM 
staff and funding for application on public lands where environmental risks 
are lower and productivity of plants is higher. As far as is known, Congress 

'has taken no action. 

On April l:t., :t.99l, the Fish and Wildlife Service issued a Biological Opinion 
in the form of a letter (Plenert :t.99l) to the State Director Of the ELM in 
California, regarding sheep grazing in the western Mojave Desert and northern 
Colorado Desert. The Service addressed the impacts of ephemeral grazing 
(grazing on annual plants) by sheep on the habitat of the Desert Tortoise. 
The BLM had requested a review of ephemeral grazing because drought conditions 
in these deserts had reduced or eliminated local production of ,·annual .plants. 
The BLM had proposed that the Ser~ice review a plan for reducing the impact of 
sheep during the spring ephemeral-grazing period. In its. review of the 
literature on the impacts of livestock grazing on natural communities in 
deserts, the Service found that "livestock grazing has direct and indirect 
impacts on both tortoises and their habitats" (Plenert :t.99l). Dir,ect impacts 
on tortoises included "trampling of tortoises, shelter sites, and nest sites" 
and "[c]onstruction and maintenance of range developments, use of watering 
trucks, and general site inspections. [due ,to vehicles killing tortoises]" 
(Plenert 1991). 

29 



The impacts of livestock grazing on tortoise habitat included a decline of 
perennial grasses and shrubs and the spread of non-native annual grassesi the 
alteration of the structure of soils due to compaction, increased runoff, 
accelerated erosion, and reduction in soilmoisturei the creation of steep­
sided gullies due to greater' erosioniand the disruption or destruction of the 
cryptogamic crust. Indirect impacts to. tortoises and their habitat included 
increased public access on roads developed or maintained by livestock 
operators, which "generally results in increased off-road vehicle travel, 
shooting, vandalism and illegal collection of tortoises" (Plenert 2992) . 

The Service found that, in the short-term, the "direct .removal of annual 
plants which are eaten by livestock may prevent individual desert tortoises 
from acquiring adequate nutrients" (Plenert 2992). In the long-term, the 
continued conversion of the natural plant community to one dominated by non­
native species "may prohibit desert tortoises from acquiring the· proper. 
nutrients form their forage, even if ·there is·no direct competition from 
livestock" (Plenert 2992). The Service concluded that the BLM's proposal for 
a specific pattern and number of sheep for the 2992 grazing season was not 
acceptable, because implementation of the plan "would result in habitat 
fragmentation and degradation, and take of desert tortoises ov.er approximately 
75% of the potential long-term management areas in the western Mojave Desert" 
(Plenert 2992). The mention of management areas was a reference to those 
areas of tortoise habitat called categories land 2, which are the areas with 
greatest densities of tortoises. As a result of the Service's Biological 
Opinion, the BLM suspended sheep graz.ing for the .2992 season in category 2 and 
2 habitats. Gr~zing continued in category 3 habitat. 

In addition to grazing on public and military lands, livestock graze. on lands 
owned by the State of California in the Moj ave Desert. Grazing on these .lands 
is administered by the State Lands Commission·. However, there is only one 
person in that Commission assigned to overseeing grazing leas·es. statewide. 
That person has headquarters in Sacramento and does not conduct any field. 
monitoring of leases.· If the grazing on State lands is not conducted 
according to the lease-agreement or if unauthorized grazing operations are 
conduct~d on State lands, the Commission· has no way of learning that tlirough 
its own program. A Commis·sion staff-person told the author of this status 
review that t.he Commission depends on the ~LM to inform it of any problems 
with State-land grazing leases. The Commission ·has ownership of approximately 
68,600 acres within the western Mojave Desert, but the total grazing area . 
leased is only 828.7 acres .. Grazing on State lands is by cattle onlYi no 
sheep grazing i·s authorized. .No new leases for grazing area being granted by· 
the Commission. 

Unauthorized grazing occurs in the Mojave Desert. 
approximately 43 square miles is located northwest 
of Superior Va'lley" (Chambers Group, Inc. 1990). 

One such area "of 
of Barstow, at the west end 

Campbell (2988) recommended that livestock be removed from areas supporting 
"viable populations" of the Desert Tortoise. 

Domestic Cat· Depredation 

In addition to the effects of habitat loss, fragmentation, and degradation, 
the Mohave Ground squ·irrel may suffer from the effect of depredation by 
domestic cats. These may be feral (living in the wild) animals, but most of 
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the cats which might capture and kill Mohave Ground Squirrels are likely to be 
pets. Recent studies in the' United States "confirm dramatically that house 
cats, including those well fed at home, kill millions of small birds and 
mammals every year, a death toll that may be contributing to declines in some 
rare species" (Harrison 1992) . 

Pesticides 

An additional factor negatively affecting the Mohave Ground squirrel may be 
the use of pesticides. Chemicals of various types designed to kill ground 
squirrels commonly are used around agricultural fie.lds, golf courses, earthen 
dams, and canal-levees to reduce or eliminate populations of the Cal·ifornia 
Ground squirrel. The Mohave Ground Squirrel is nqt known as a serious crop 
depredator; however, whether or not it forages in alfalfa and/or other crops, 
it certainly lives in desert plant communities adjacent to planted fields 
(Hoyt .1972, Hafner and Yates 1983) and would be exposed to pesticides applied 
near the fields. Hoyt (1.972) noted that Mohave Ground Squirrels seemed lito be 
dependent on the [alfalfa] fields [in some areas] and could be easily 
exterminated by the State Rodent Control Program:" J. B. Aardahl wrote to the 
Department (his letter is in Appendix E) that II [i]n the early part of this 
century, ground squirrels were .systematically eliminated with poison grain by 
the Los Angeles Agricultural Commission office in the Antelope Valley." 

Shooting and Vehicles 

There is no evidence to suggest or reason to .believe that shooting and 
vehicles are significantly reducing populations of the Mohave Ground Squirrel. 
However, it is known that the squirrel is run over by vehicles and the 
shooting of wild animals is a problem of some significance in the Mojave 
Desert. Campbell (1.988), citing the research of K. Berry and her co-workers, 
reported that "20 percent or more of the dead tortoises found during her 
research work had been killed by gunshots, vandalism [tipping torto.ises over 
on'their backs], or vehicles. Even in the center of the Desert Tortoise 
Natural Area, 1.5 percent of dead tortoises had been shot .... " The Fish and 
Wildlife Service has written that common' causes of high mortality .rates or 
losses of Desert Tortoises include vandalism and vehicle kill.s (Plenert 1.991.) ~ 

The tortoise may be an especially vulnerable target because it is relatively 
large and slow moving. Campbell (1988) recommended that areas containing 
"viable populations" of tortoises be closed to shooting and ·off highway 
vehicle use. As is discussed in this status review in the subsection under 
Biology-Thermoregulation, the Mohave Ground Squirrel is cryptically c.olored 
and also spends much of its time foraging in, or cooling beneath, shrubs.' 
These attribut,es and its relatively quicker movements make it a less likely 
target than the tortoise. This is not to say that. Mohave Ground Squirrels are 
not shot. 

MANAGEMENT ACTIVITIES 

Listing as Rare 

The Mohave Ground Squirrel was listed as a Rare species by the California Fish 
and Game Commission on May 21., 1.971., under authority of the State Endangered 
Species Act of 1.970. The listing was effective on June 27, 1.971.. . A "Rar.e" 
classi£ication, according to the legal definition in the Fish and Game Code 
(State Endangered Sp~cies Act), meant that the Mohave Ground Squirrel, 

31 



"although not threatened with extinction, is in such small numbers .throughout 
its range that it may be endangered if its environment worsens." A 
classification of "Endangered," a designation of a more ominous situation, 
would have .meant that the squirrel was a species whose "prospects of survival 
and reproduction ... are in immediate jeopardy from one or more causes, 
including loss of habitat, change in habitat, overexploitation, predation, 
competition, or disease. II In .~97J. the Department was aware that the Mohave 
Ground Squirrel was the victim of habitat loss and habitat change 
(degradation), but the Department could not determine that its survival was 
uin immediate jeopardy." 

According to criteria developed by the Department and considered by the 
Commission, an animal deserving of Rare status had to meet at least one of the 
following conditions (California Department of Fish and Game J.972): ~. is 
the animal confined to a relatively small and specialized habitat, and is it 
incapable of adapting to different environmental conditions? 2. although 
found in other parts of the world, is the animal nowhere abundant? 3. is the 
animal in California so limited that any appreciable reduction in range, 
numbers, or habitat would cause it to become endangered? 4.. if current 
management and protection programs were'diminished in any degree, would the 
animal become endangered? For the Mohave Ground Squirrel, condition 2 did not 
apply because the species is endemic to California. Condition 4 also did not 
apply, because no management and protection programs were in place in ~97l. 
Based on knowledge of the squirrel in~97~, the answers to the questions posed 
in conditions ~ and 3 were "yes". 

The Mohave Ground Squirrel was on the first lis.t of animals designated by th.e 
Commission as Rare or Endangered. These animals were recommended to the 

. Commission by·the Department after a review of the status of California's 
fishes, amphibians, reptiles, birds, and mammals. The review was mandated by 
the State Endangered Species Act of ~970. The process of review was described 
by Director P. Bontadelli in ~989, as follows: liThe Department conducted a 
review [in J.97l] by first developing a working list of species based ona list 
of federal species '. the State's list of Fully Protected species (a category 
established by the Legislature), and internal 'knowledge o.f the status of 
certain species. The working list was sent out as a questionnaire to 'various 
cooperators in universities and state agencies. (We are using old files, 
rather than the memories of those retired, to develop this history) . 

liThe questionnaires asked reviewers to designate each species on the working 
list as either endangered (llone whose prospects of survival and reproduction 
are in immediate jeopardy") i Rare (1I0ne that, although not presently 
threatened with extinction, is in such smali numbers throughout its range that 
it may be endangered if its environmental worsens") i Peripheral ("one whose 
occurrence in California is at the edge of its natural range and which is rare 
or endang:ered within California although not in its range as a whole")'j or 
Unknown (llone that has been suggested as possibly rare or endangered, but 
about which there is not enough information to determine its status"). 
Reviewers took the opportunity to recommend other species for the working iist 
or to recommend deletion of species. 

liThe files indicate that, of those outside reviewers who chose one of the four 
categories for the MGS, one reviewer recommended that the MGS be listed as 
Endangered, three reviewers recommended it for Rare, and one reviewer listed 
it as Unknown. These five reviewers were university mammalogists or 
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agricultural biologists with experience in pest control. One of the reviewers 
who recommended the Rare designation was Lloyd G. Ingles, then emeritus 
professor of zoology at Fresno state College and author of Mammals of 
California and Mammals of the Pacific States" (Bontadelli 1989). 

The Mohave Ground Squirrel was included on the Department's working list and 
in the questionnaire in the first place because of concern by knowledgeable 
persons that the species could not be found in areas in which it had formerly 
occurred. After the review the Mohave Ground Squirrel was recommended to the 
Fish and Game Commission as Rare. It was so designated. The minutes of the 
May 21, 1971. meeting of the Commission reveal that the Commission had received 
88 letters and one telegram with comments on the Department's list of proposed 
Endangered and Rare 'animals. Only one letter, that of the California 
Department of Agriculture, requested that the Mohave Ground Squirrel not be 
included as a State-:listed Rare or Endangered species. According to the 
minutes, the Department of Agriculture alleged that the Mohave Ground Squirrel 
and two kangaroo rat species were involved in crop depredations in some areas. 

As a Rare species, the Mohave 
State Endangered Species Act. 
take, possess, or sell within 
or product thereof, without a 

Ground Squirrel received the protection of the 
No person could import into California, or 

the state the Mohave Ground Squirrel or any part 
permit from the Department. 

California Endangered Species Act 

The new California Endangered Species Act (CESA) was signed into law in 1984 
and became effective on January .1, .1985. All species of animals which had 
been designated as Rare prior to the passage of CESA became classified as 
Threatened. The replacement of "Rare" by "Threatened" brought CESA .into 
conformance with the federal Endangered Species Act of 1973, which uses the 
descriptive terms Threatened .and Endangered. Thus, the Mohave Ground Squirrel 
was redesignated as Threatened. 

The terms Endangered and .Threatened were redefined in CESA. An "Endangered 
species" .is a native species or subspecies of animal or plant "which is in 
serious danger of becoming extinct throughout all, or a significant portion, 
of its range due to one or more causes, including loss of habitat, change in 
habitat, overexploitation, predation, competition or disease" (Section 2062 of 
the Fish and Game Code). A "Threatened species" is a native species or 
subspecies of animal or plant "that, although not presently threatened with 
extinction, is .likely to become an endangered. species in the _foreseeable 
future in the absence of the special protection and management efforts 
required by this chapter [Chapter 1.5, the portion of the Code which addresses 
Endangered and Threatened species through sections 2050-2098]" (Section,2067 
of the Code). Although the definition of a Threatened species does not 
delineate what constitutes "extinction,"the implication-is that-the 'c9ncept 
of extinct~on ,through all or a portion of the range of a species is the same 
in both definitions. 

An important ,finding and declaration was included by the Legislature in CESA, 
as follows: "it is the policy of the state to conserve, protect, restore, and 
enhance any endangered species or any threatened species and its habitat ... "', 
(Section 2052 of the, Code). That finding guides the Department '.S application 
of CESA's provisions for permitting the management-take of these species. The 
Department, under Section '2090-, consults with other State agencies that 
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authorize, fund, or .carry out projects which may impact a State-listed 
sp~cies. The Department prepares a Biological Opinion, which is a written 
finding as to whether the propo~ed project would jeopardize the continued 
existence of any State-.listed species or result in the destruction or adverse 
modification of habitat essential to the continued existence of the species. 
The finding also states whether the proposed project would result in the 
taking of a listed species incidental to the proposed project. If jeopardy is 
found, the Department specifies "reasonable and p~udent measures that are 
necessary and appropriate to minimize the adverse impacts of the incidental 
taking!! (Section 2091) . 

Permits are issued under section 2081 of the Code to entities other 
than State agencies to .allow take for management purposes when habitat (not 
otherwise protected) can be protected or enhanced on-site or off-site through 

. mitigation for projects which destroy habitat of listed species. Section 2081 
permits have been issued by the Department for management-take of the Mohave 
Ground Squirrel in a number of projects in which habitat of the Mohave Ground 
Squirrel was destroyed on the project .site, but other habitat of the species 
was protected at sites where the squirrel is more likely to survive iil the 
long-term as a result of mitigation. The background of the Section-2081 
process is discussed in a section ·below. 

A provision of CESA (Section 2077 ·of the Code) is that the Department shall 
review the status of species listed as Endangered species and Threatened 
species "every five years to determine if the conditions that led to the 
original listing are still present. The' review shall be conducted based on 
information which is consistent with the information [required for a petition] 
and 'wJ;lich is the best scientific information available to the department." 
The fi.rst status report was completed in 1987 (Gustafson 1987); it is 
discussed in a section below. The next one' was scheduled for 2992; however, 
the preparation of this status review has precluded the need for a separate 
five-year report. 

section 2079 of the Code requires the Department to prepare an annual report 
summarizing the status of all State-listed Endangered, Threatened and 
Candidate species. (A Candidate species, according to Section 2068 of the 
Code, is "a'species of animal or plant that the commission has formally 
noticed as being under review by the department for addition to either the 
list of endangered species or the list of threatened species, or a species for 
which the commission has published a notice of proposed regulation to add the 
species to either list.") Such'a report has been prepared in each year, 
beginning in 1986. Each annual report has contained a species account for the 
Mohave Ground SquirreL The latest account for this species (Gustafson 1.992) 
is in the 1991 report; the account is discussed in a section below. 

California Environmental Quality Act 

CEQA was enacted into l·aw in 1973 ; it is part of California statute law as 
Public ;Resources Code Sections 21000-21177. It was enacted "as a system of 
checks and balances for land-use development and management decisions in 
California" (Governor's Office of Planning and Research, or GOPR, 1992). It 
has been amended a number of times since 1973. Under CEQA each of the 58 
counties and .468 incorporated cities in California has authority for land use 
regulation. Any agency of a ci.ty or county government can act as a "lead 
agency", the "single agency responsible for determining the type of analysis 
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CEQA requires" (GOPR 2992), as can a regional agency, public district, 
redevelopment agency, or other political subdivision. Other public agencies 
subject to CEQA are state agencies, boards, and commissions. In enacting CEQA 
the Legislature found and declared that, among other items, the "maintenance 
of a quality environment 'for the people of this state now and in the future is 
a matter of statewide concern" (Section 21000(a» and that" [e]very citizen 
has a responsibility to contribute to the preservation and enhancement of the 
environment" (Section 21000(e». Further, it is the policy of the State to 
" [r] equire governmental agencies at all levels to develops standards 'and 
procedures necessary to protect environmental quality" (Section 21001(f», and 
to "[r]equire governmental agencies at all levels to consider qualitative 
factors as well as economic and technical factors and long-term benefits and 
costs; in addition to short-term benefits and costs and to consider 
alternatives to proposed actions affecting the environment" (Section 
21001 (g) ) . 

In determining whether a proposed project may have a significant effect on the 
environment, a public agency must .find significance if, among other things, 
the "possible effects of a project are individually limited but cumulatively 
considerable. As used in this subdivisi,on, 'cumulatively considerable' means 
that the incremental effects of an individual project are considerable when 
viewed in connection with the ef'fects of past projects, the effects of other 
current projects, and the effects of probable future project" (Section 
21083 (b) ). A "significant effect on the environment" is a substantial, or 
potentially substantial, adverse change in the environment (Section 21068) . 
"Environment" means the "physical conditions which exist within the area which 
will.be affected by a proposed project,' 'included land, air, water, minerals 
flora, 'fauna, noise, objects of hist,oric or aesthetic significance" (Section 
21060.5) 

According to the State CEQA Guidelines prepared by the GOPR, which are binding 
on all public agencies in California, the basic purposes of CEQA (Section 
15002(a» areas follows: (1) Inform governmental decision-makers and the 
public about the potential, significant environmental effects of proposed 
activities; (2) Identify the ways that environmental damage can be avoided or 
significantly reduced; (3) Prevent significant, avoidable damage to the 
environment 'by requiring changes in projects through the use 'of alternatives 
or mitigation measures when the governmental agency finds the changes to ~e 
feasible; and (4) Disclose to the public the reasons why a governmental 
agency approved the project in the manner the agency chose if significant 
environmental effects are involved. 

The Guidelines, in Section .15380, define endangered species ,either as those 
.listed by the. Fish and Game Commission or federal governme~t as Endangered or 
Threatened or as those which meet the criteria to .be listed by the Commission 
or -f·ederal government. The application of CEQA. to endangered species .is. 
through Section 21001(C), quoted in the first paragraph of this discussion. 
In order to prevent such species from becoming extinct (i. e., ,preventing the 
elimination of species due to human activities, ensuring that popUlations do 
not drop be'low self-sustaining levels, and preserving for future generations, 
per Section 21001(C», lead agencies must take steps to conduct or permit only 
those projec~s which do not contribute to extinction. Unfortunately, many 
projects are approved by local lead agencies without choosing the alternative 
which would safeguard endangered species. 
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Field Studies by the Department 

In :1.972 the Department conducted a limited study to determine whether Mohave 
Ground Squirrels were still found, at eight localities of previous known 
occurrence (Hoyt 1.972). The eight areas were suggested by scientists and 
small-mammal trappers who were familiar with occurrence of the squirrel, or 
were areas ,in which animals collected for museum specimens had been taken. 
The species was found in the following four areas: Boron, China Lake Naval 
Weapons Station near Ridgecrest, Shadow Mountain Ro'ad west of Highway 395 ' 
northwest of Adelanto (all in San Bernardino County), and at Keels Ranch near 
Palmdale (Los Angeles County) . 

Two localities at which no Mohave Ground Squirrels were found, and at which 
Hoyt (:1.972) believed the species apparently no longer existed, included Bob's 
Gap on :1.65th Street near Palmdale (G. A. ,Bartholomew had reported a 
significant populatiqn there in about :1.960) and Lovejoy Butte (Los Angeles 
CountYi E. T. Pengelley had reported a significant population in the mid­
:1.960s). However, Hoyt (:1.972) trapped at these sites in mid-February, which 
may have been prior to any squirrel's emergence' from estivation. A monthly 
report .for April submitted by D. Hoyt to the Department during this study 
indicated that .he had unsuccessfully trapped for Mohave Ground Squirrels near 
the Peartiiossum pumping plant. A monthly report for May indicated that he had 
unsuccessfully trapped for the species nortp b'f Lake Los Angeles. 

Hoyt (:1.972) beli~ved that "it is not possible at this time [based ori the 
results of his study] to make any exact or quantitative statements about the 
[Mohave Ground Squirrel's') present distribution or abundance." However, he 
believ:ed that the species was discontinuously distributed within its' 
geographic range, and he speculated that this phenomenon might be due to 
competition with the White-tailed Antelope Squirrel (Ammospermophilus 
leucurus), the effect ,of human disturbances to'habitat, or to stringent 
habitat requirements of the squirrel. Hoyt (1972) stated that it "is not 
possible at this time to decide whether the species is truly endangered", but 
pointed ,out that the squirrel was vulnerable to rodent control programs around 
agricultural fields and ,to loss of habitat in the Palmdale area. He 
recommended that the Mohave Ground Squirrel be retained on the Rare list and 
that areas populated by,the species be identified and ,preserved., 

In :1.977 the Department conducted a 'study to determine the distribution of 
Mohave Ground Squirrels in 'the southeastern part of its range (Wessman .1.977) . 
The objectives were to identify the boundaries of the geographic range in the 
southeast, to establish the point at which this range contacted the range of 
the Round-tailed Ground Squirrel (Spermophilustereticaudus), and to 
investigate the effects of urbanization. Wessman (:1.977) established three 
large study areas as follows: Superior Valley east to the Avawatz Mountains 
on Fort Irwin (all north of. Barstow), the Mojave 'River Valley (Victorville to 
northeast of Yermo), and Apple Valley/Lucerrie Valley. He found that Mohave 
Ground Squirre'l range extended as far east as the Avawatz Mountains, an 
extension of the known range of about :1.800 square miles (his calculation) . , He 
noted that "perhaps 30-50 percent of this [newly identified] area is 
unsuitable habitat". No new range boundaries were noted in the Mojave River 
Valley study area. However, in the Apple Valley/Lucerne Valley study area, 
Wessman (:1.977) believed that an apparent retraction in the range had occurred 
because no squirrels were observed or trapped east of Victorville. He 
speculated that the loss of Mohave Ground Squirrels in the area might be due 
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to competition with, or displacement by, Round-tailed Ground Squirrels or 
California Ground squirrels (S. beecheyi). 

Wessman (1977) stated that the range of the Mohave Ground Squirrel "borders" 
that of the Round-tailed Ground Squirrel in two ar:eas in the Superior Valley 
study area. These areas were at the north end of the Tiefort Mountains and 
north of Coyote Dry Lake. The evidence for his speculation was that a Mohave 
Ground Squirrel was captured in a Creosote Bush-Burrobush habitat about two 
miles from a Creosote Bush-windblown sand habitat occupied by Round-tailed 
Ground Squirrels north of Coyote Dry Lake, and that a single Mohave Ground 
Squirrel was captured in a Creosote Bush-windblown sand habitat near the 
Tiefort Mountains. In the Mojave River Valley, Wessman (~977) found that, 
Mohave Ground Squirrels "do not live in or cross the Mojave River Wash from 
Helendale north. In this area, Round-tailed ground squirrels are common in 
the sandy habitat of the wash. South of Helendale, Mohave groundsqui~rels 
cross the Mojave River and there are no Round-tailed ground squirrels." In 
the Apple Valley/Lucerne Valley area, Wessman (1977) could not find any point 
of contact of the ranges of the two species, but noted that only the Round­
tailed Ground Squirrel was found at Rabbit Springs, the type locality of the 
Mohave Ground Squirrel. 

In 1990 the Department did a study in the unincorPorated areas of Indian Wells 
Valley of eastern Kern County to determine the status and dist,ribution of the 
Mohave Ground Squirrel (Rempel and Clark 1990). Indian Wells Valley 
encompasses portions of Kern, San Bernardino, and Inyo counties, the city of 
Ridgecrest and the town of Inyokern, and a part of China Lake Naval Air 
Weapons Center. The project area covered approximately 75 square miles of 
privately-owned lands. Live-trapping was conducted on 31 'trap-grids located 
"from approximately six miles north 'to approxima:tely ,five miles south of 
Inyokern, east to the city limits of Ridgecrest and the Kern-San Bernardino 
County line and south to Cerro Coso Community College" (Rempel and Clark 
1990). 'Determination, of habitat quality and condition (i.e., degree of 
disturbance) was made for each of 82 areas. Thirty-four percent of the 
habitat was rated as undisturbed or lightly disturbed, 63 percent as , 
moderately disturbed, and 3 percent as heavily disturbed. 

The researc,hers found that 40 percent of the private lands in their study area 
were in parcels of less than 20 acres in size and 85 percent were parcels of 
less than 160 acres. The parcels of over ~60 acres were not located near one 
'another, thus "reducing the opportunity to aggregate private land parcels into 
a manageable ... [Mohave Ground Squirrel] preserve"in the Indian Wells Valley 
(Rempel and Clark 1990). These authors concluded that the Mohave'Ground 
Squirrel was "still widely distributed and occurs in both undisturbed and 
disturbed habitats" in ,Indian Wells Valley and that "[t]rapping surveys are 
not reliable .in determining the absence or the presence of [the Mohave Ground 
Sgui'rrel] (except when [one] is captured) since visual sightings of the 
species were made in areas where trap grids were operated and [yet] the 
species was not trapped" (Rempel and Clark 1990). Another, conclusion was that 
U[b]ecause of the current and projected future fragmentation and degradation 
of habitat in the [valley], MGS may be extirpated from most private lands in 
the [valley] within the next 50 to 60 years." (Rempel and Clark 1.990) . 

Rempel and Clark (1990) recommended that a comprehensive mitigation plan be 
developed for private lands in, the Indian Wells Valley, with "a primary focus 
on preserving large tracts of [Mohave Ground Squirre11 habitat" of a minimum 
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~O,OOO acres in size each and linked by corridors of occupied· habitat. The 
large tracts of land, called·"management emphasis areas" for the sqUirrel, 
would be developed in conjunction with the BLM because the protected areas 
would be comprised of both BLM-managed public-domain lands and former private 
lands purchased with mitigation funds. 

As a result of the ranking of relative disturbance done to habitat in the 
study, Rempel and Clark (J.990) developed a rating system ·for impacts to 
habitat within the range of the Mohave Ground Squirrel. This sys·tem. is now 
being used by the Department to determine mitigation requirements in proposed 
projects. In applying the rating system, the Department examines the 
disturbance on a project site and develops a numerical ·score which determines 
the mitigation ratio. Undisturbed sites require the highest ratio of . 
mitigation for loss; completely disturbed sites may require no mitigation. 

Since 1988 the Department has attempted unsuccessfully to obtain funding for a 
multiple-year study throughout the geographic range of the Mohave Ground 
Squirrel to determine local occurrence, relative abundance and habitat use of 
the squirrel and to identify areas.for preserves. TheJ.990 study in Indian 
Wells Valley did answer some questions about habitat use in a .local area in 
one field season. In 1989 the Department preliminarily estimated that a 
three-year field study at minimum would cost about $750,000.00. A revised 
estimate of closer to $1,000,000.00 was provided to Assemblyman P. Wyman, who 
attempted in 1991 to get Assembly Concurrent Resolution 35 passed by the 
Legislature. However, it failed in committee. The resolution would have 
directe·d the Department to conduct a multiple-year "review and evaluation" 
sufficient to determine the status of the.Mohave Ground Squirrel. The 

. resolution was initially developed by the Department at the. assemblyman's 
request. It. included a provision that funding for the study would be provided 
by the California Environmental License Plate Fund: The version of the 
resolution that reached the Assembly committee in which it fail.ed 
significantly reduced the time-frame in which the review and evaluation were 
to be completed. Department staff .had recommended that the resolution in that 
form be opposed unless amended to provide a long·er review and evaluation 
period. 

Field Studies by Other Agencies 

Studies conducted by the BLM in J.974, J.975, J.976, and 1977 gathered 
information on .habitat arid distribution of the Mohave Ground Squirrel. 
Locality records of squirrels captured in those studies were presented in 
Aardahl and Roush (J.985). 

The China Lake Naval Weapons Center contracted for a 1978 inventory of the 
vascular plants and small mammals of the Coso Hot Springs Area. The purpose 
of the inventory was to establish baseline data for the environmental impact 
statement on the Navy's Coso geothermal development program. The written 
report (Zembal et al. J.979) contained specific information on abundance, 
distribution, habitat use, food habits, and interspecific interactions of the 
Mohave ~round Squirrel. Much of that information is presented in other 
sections of this status review. . . 

The Naval Weapons Center also contracted for a similar inventory of the 
. Randsburg Wash Test Range, a portion of the Center's Mojave Range B. The 
purpose was to establish baseline data for the environmental impact statement 
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on a specific weapons-testing project. Even though the study area was within 
the geographic range of the Mohave Ground Squirrel, the field work was 
conducted in October and November (of 1979). At that time of year, the 
squirrel would be in estivation and not active above ground. The written 
report (Phillips, Brandt, Reddick, Inc. and PRC Toups 1980) referred to the 
inappropriate timing' of field surveys. 

The BLM contracted with Rockwell International for a series of biotic surveys 
on the Coso Geothermal Study Area' in Inyo county in 197.9. The purpose' of the. 
surveys was to collect baseline information on wildlife species on lands 
administered by the BLM in the geothermal study area (J. E. Aardahl - pers. 
commun.). Survey results for small mammals (including the Mohave Ground 
Squirrel) . and carnivores were presented by Leitner (1980) and for plant 
communities were presented by Henrickson (1980). Significant information on 
the. squirrel from those reports is discussed in other sections of this status 
review. 

The BLM conducted a 1980 study "to expand our knowledge of the geographic 
distribution, relative densities in various habitats, habitat preferences and 
seasonal activity patterns of the Mohave ground squirrel" (Aardahl and Roush 
1985). Twenty-two sites within the known geographic range of the squirrel 
were live-trapped,and data also were collected for occurrences o~ the White­
tailed Antelope Squirrel. . However, as M. A. Recht pointed out in his. letter 
to the Department in response to the public notice on the petition to delist 
the squir,rel (see his letter in Appendix E), Aardahl and Roush (1985) .had a 
lack of trap sites in the southwestern part of the Mojave Desert (i.e., Los. 
Angeles County) and thus failed "to show the very low popUlation levels in 
that part of ·the range." Also,Aardahl and Roush (1985) did not trap in the 
Vict:'orville-Adelanto area.· Thus, conclusions drawn by those workers were 
based on results from the northern and central parts of the squirrel's range 
only. Each of their study sites was trapped for three consecutive days 
.between late April and mid-quly. Study sites were located in Inyo, San 
Bernardino, and Kern counties. ~he Mohave Ground Squirrel occurred at all 
sites; .it was considered to .be "commo"n" by Aardahl and Roush (1985), although 
the term was not defined. Two additional study sites suspected to be habitat 
of the Mohave Ground Squirrel (one each near Olancha and in the Panamint 
Valley, both in Inyo County) were trapped ·in late June. No animals of either 
species were captured', but a single Mohave Ground Squirrel was identified l.5 

miles north of Olancha. 

Approximately equal numbers of Mohave Ground Squirrels and antelope squirrels 
(343 and 37.1, respectively) were captured/recaptured on the 22 sites. Aardahl· 
and Roush (1,98S).owrote that "[a] ssuming .. equal rates of initial .capture [in 
order to mark·equivalent numbers of both species], the average relative 
population densities for the Mohave and antelope ground squirrels for the 
study 'sites are similar. ',," ·However, the,~act that many more Mohave G:r;ound 
Squirrels·were.·recaptured (captured more .than once after being marked the 
first time) than were antelope squirrels (51 and 24 respectively) indicates. 
that the antelope squirrel population actually was larger over all 22 sites as 
a group.' Aardahl and Roush (1985) do not provide data on numbers of initial 
captures of either species, so an independent calculation of popUlation size 
cannot be made. These authors interpreted a lower recapture number/rate for 
antelope squirrels as indicating that "the 'antelope squirrel is significantly 
more trap-shy than [is] the Mohave ground squirrel" (Aardahl and Roush 1985), Gl/ . 
. rather than indicating a larger ~opulation of antelope squirrels. 
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·The key recommendation of the report on the 1980· study was to "[e]valuate, in 
concert with the Department of Fish and Game, the current listing (Rare) for 
the Mohave ground squirrel based upon the finding of this and other 
investigations" (Aardahl and Roush 1985). An independent observer might 
conclude that the "finding" of the 1980 study which led to the recommendation 
was that the Mohave Ground .Squirrel· was "common".. There was no finding or 
claim in the 1985 report that the geographic r~nge of the Mohave Ground 
Squirrel was larger than it previously had been thou~ht to be. 

The Aardahl and Roush (1985) report was sent to the Department in May 1986 
along with a letter from the BLM (Hillier 1986) which stated tha·t "we believe 
an interagency review of the status of the Mohave ground squirrel,is 
appropriate" and" [w]e have tentatively, concluded that continued threatened 
listing .is unwarranted for this species." The pepartment's response to the 
BLMletter was delayed until after our preparation of the first five-year 
status report (Gustafson ~987) for the Mohave Ground Squirrel. In November 
1987 the Department wrote to the BLM that "we believe that' the data presented 
in .the .BLM report do not support a change in classification [of the squirrel]" 
(Bontadelli 1.987). The letter also stated that it "is apparent to us that 
conservation of the [Mohave Ground Squirrel] as a listed or non-listed species 
depends on habitat protection. This must take the form of on-site protection 
as a result of proj,ect review and the form of permanent habitat preservation 
through the establishment of a series of preserves in public ownership. In 
addition, the current status of the [Mohave Ground Squirrel], in terms of 
distribution and numbers, must be determined throughout its range during one 
or two field seasons" (Bontadelli 1987). 

The Department's letter proposed to the BLM that the two agenc~es jointly 
develop and fund a research project to determine current status of the 
squirrel and identify areas in public and private ownership' as sites for' 
preserves. The BLM's response to the 'Department's proposal stated that "[i]n 
light of our strongly held convictions about this species [that it does not 
warrant Statelistingl, and because' of much higher priorities for our 
endangered species funding, we do not support the type of research proposed in 
your letter at this time. We will reconsider this matter upon receipt of a 
report [from the Department] that quantifies the threats to the Mohave ground 
squirrel in relation to current distribution and if such quantification truly 
supports your listing" (Hastey 1988) . . 

The National Training Ceriter and Fort Irwin contracted with Lee and Ro 
Consulting Engineers to conduct an endangered and sensitive. species survey in 
1985 at Fort Irwin and on the Goldstone Space Communications Complex. sixteen 
locations were live-trapped in May and June to determine presence of the 
Mohave Ground Squirrel. The species was captured at three sites. The report 
on the survey (Lee and Ro Consulting Engineers, Or Lee and Ro, 1986) stated 
that the "lack of captures at the remaining ~3 sampling locations mayor may 
not signify a lack of occurrence in these areas by Mohave ground squirrels." 
Further, ,,[t]wo to three days of trapping more or less randomly over a large 
geographic area is not sufficient when dealing with an uncommon species as 
seemingly specialized as S. mohavensis." Lee and Ro (1986) recommended that a 
management plan be prepared for the Mohave Ground Squirrel at Fort 
Irwin/Goldstone and stated that at least two years of field work would be 
required to obtain the information necessary to write a plan. In order to 
collect meaningful data, Lee and Ro (1986) recommended that large trapping 
grids "be established on at' lea~t two known locations representing divergent 
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habitat types", that Mohave Ground Squirrels "be radio-collared and followed 
throughout the active seasons [sic] 11 to determine habitat use, and that 
habitat patches used by the squirrel "be subjected to intensive quantitative 
habitat description including vegetation, soil, microclimate factors and 
changes in seasonal use [by the squirrel] ." Despite these recommendations, 
Fort Irwin has not developed a management plan for the Mohave Ground Squirrel. 

The China Lake Naval Weapons Center contracted with Michael Brandman 
Associates, Inc. (MBA) in ~987 to conduct the ,first phase of management 
planning for the Mohave Ground Squirrel on the Center. A report (MBA 1988) 
was prepared which preliminarily identified areas on the Center "that may 
satisfy the full requirements of protecting the threatened species and 
facilitating performance of the [Center's) mission." The second phase of 
planning would have evaluated the proposed management areas. To the 
Department's knowledge, phase two has not been completed. However, MBA (1988) 
made a number of recommendations for reducing the effects of projects on the 
squirrel in management areas, as fOllows: restrict size of, and access to 
project sitesi leave patches of vegetation on project sites and revegetate 
disturbed areas with native species preferred as forage by the squirreli 
stockpile topsoil, seeds, and other propagules (such as cuttings from plants) 
from project sites and reapply these to disturbed areasipost'roadside signs 
which show the silhouette of a squirrel and advise a 25-mph limit in areas in 
which Mohave Ground Squirrels are known or suspectedi minimize the size and 
number of pits, trenches, sumps, or drill holes during construction and leave 
none of these unf,illed or uncapped after construction; remove waste, trash, 
equipment, and hazardous materials from sites after construction; and limit 
use of chemical rodent poisons to areas inside buildings. 

The U.S. Army conducted studies at 'the National Training Center and Fort Irwin 
in the period of 1.983 through 1989 to assess the ef',fects of military training 
on the Mohave Ground Squirrel and other listed or sensitive animals and 
plants. A report on these studies was prepared by Krzysik (1991), who 
conducted live-trapping for the Mohave Ground Squirrel and captured this 
species at 10 sites. He examined the four localities at which Wessman (1977) 
had captured the species and foUnd these' sites had been damaged in training 
activities. Krzysik's (1.991) findings also are' discussed in the section on 
Threats in this status review. 

The Jet Propulsion Laboratory (JPL) of the California Institute of Technology 
contracted with ERC Environmental and Energy Services Company (ERC) to conduct 
a 1988 biological survey at Edwards Air Force Base. The JPL had proposed to 
construct a gravity wave observatory at the northeast end of Rogers Dry Lake 
on the Base. A survey was necessary to determine the presence and 
distribution of various habitat types and species, including the Mohave Ground 
Squirrel, Live-trapping for the squirrel was conducted in early July on three 
sites; the species was captured at, all sites. "A report on ,the resu~ts of the 
survey prepared by ERC (1.989) did not recommend that the project site be 
relocated or reconfigured to avoid or minimize impacts to the population of 
the squirreL Rather, the report recommended that known burrows of the 
squirrel' be avoided, if possible, dur'ing construction on the site. A further 
recommendation was that squirrels be captured and removed from the 
construction zone if their burrows would be destroyed. 

The California Department, of Transportation contracted ,for live-trapping 
surveys for the Mohave Ground Squirrel in 1988 and 1989, as part of the 
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biological assessment of the impacts of highway-widening projects in the 
western Mojave Desert. Fifteen sites were trapped; the squirrel was captured 
at six sites. A report on tnese surveys was prepared by Recht (1.989), who 
wrote that the "purpose of these surveys is to determine ·the presence or 
absence of the Mohave ground squirrel, to assess the extent and affect of the 
loss of habitat on the affected species, and to determine a fair and equitable 
compensatory course of action." 

The BLM contracted with Biosearch Wildlife Surveys to conduct a 1.991. survey 
.for the Mohave Ground Squirrel in the El Mirage Cooperative Management Area 
(San B·ernardino County). The management area concept is a cooperative effort 
among the BLM, the County of San Bernardino, the County of Los Angeles, and 
the California Department of Parks and Recreation. The management area is 
operated Py the BLM and comprises 24,400 acres, of which about 7800 acres is 
dry lake bed (Laabs and Allaback 1.991.). A management plan was prepared in 
1.990 (BLM 1.990). A goal of the plan is to convert approximately. 9000 acres of 
private property within the management area to public ownership through 
donation, purchase, condemnation, or exchange (BLM 1.990). The County of San 
Bernardino is the acquisition-agent, using funds .from the Department of Parks 

.and Recreation's 6ff-highway motor vehicle sticker program. A section of the 
plan addressed the needs of wildlife in the management area. Two action-items 
in that section addressed the Mohave Ground Squirrel. The first actiop. was as 
fol.lows: "Conduct an extensive random stratified inventory within the 
Management Area to determine if the Mohave ground squirrel is present and if 
so, where and in what densities." The 1.991. survey was to implement that 
action. 

Biosearch wildlife Surveys live-trappec;l for the Mohave Ground Squirrel at six 
sites but captured no individuals of this species (Laabs and Allaback 1.991.) . 
Sites were located on BLM .land within the management area. At least 1.6,000 
acres of habitat for the squirrel exist within the management area; the live­
trapping on six sites sampled only a small fraction of that area. The report 
on the live-trapping study (Laabs and Allaback 1.991.) commented on the change 
in the ·Department's policy .to discontinue live-trapping as a means of 
determining presence or absence of the squirrel and to substitute the 
Cumulative Human ·Impacts Evaluation Format (see·the discussion of the latter 
methodology .in the subsection of that title in this status review) . The 
Department's assumption that all native plant communities within the range of 
the squirrel are habitat I~is valid for lands within the EI Mirage Cooperative 
Management Area with the exception of the dry lake and the shrubless peaks of 
the Shadow Mountains" (Laabs and Allaback 1.991.) . 

Because the Mohave Ground Squirrel wa~ observed during field work at EI 
Mirage, the species is known to occur on the management area. Laabs and 
Allaback. (1.991.) recommended that additional field work be conducted "to 
determine the size and distribution of the population of Mohave ground 
squirrels" identified in visual surveys and to identify other populations at 
El Mirage. These workers also .recommended removing a group camping area from 
the vicinity of the observed squirrels and the establishment of a program of 
"rotating closure and revegetation'; for disturbed sites in the management 
area. 

Surveys of the discovered population and surveys to identify other populations 
would meet the intent of the second action-item in the wildlife-section of the 
EI Mirage management plan. That action was as follows: "Intensively 
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inventory, monitor, and take the appropriate actions to maintain populations 
of Mohave ground squirrel identified within the Management Area." 

The JPL contracted with Battelle, Pacific Northwest Laboratory to conduct a 
1991 survey for the Mohave Ground Squirrel at the National Tr~ining Center and 
Fort Irwin. The JPL had proposed to construct a microwave antenna research 
system at Fort Irwin. The biological assessment for the project included a 
survey. to determine whether the squirrel was present at the site. Visual 
surveys for the squirrel were conducted in mid-Apri'l, and live-trapping was 
conducted in early June. The squirrel was not detected. The report of the 
results of the biological assessment stated that "[o]ne must assume. that since 
the proposed site is within the geographical range of the mojave [sic] ground' 
squirre~,the species most likely has been on the site in the past, may be 
there now, or may be there in the future. At best, one can only try to 
determine the suitability of the proposed site to the squirrels and to 
mitigate for the loss of potential habitat" (Fitzner et ai. 1991). A 
cumulative human impacts evaluation of the site was performed; . the habitat 
"ranked high in quality for the [Mohave] ground squirrels ... " (Fitzner et ai. 
1991) . 

The China Lake Naval Air Weapons Station (formerly the Naval Weapons Center), 
using funds provided by the Department, contracted with McClenahan and Hopkins 
Associates, .Inc . for a 1991 study of the Mohave Ground Squirrel in the Coso 
Known Geothermal Resources Area. This was the fourth consecutive year of 
surveys to measure herbaceous growth and distribution and abundance of the 
squirrel on four study sites. The results of this study were reported by 
Leitner and Leitner (1992).. Certain £indings are discussed in variou~ 
sections of this status review. 

california Desert Conservation Area Plan 

In 1976 the Federal Land Policy and Management Act directed the U.S. Secretary 
of the Interior, through the BLM, to prepare a comprehensive long-range plan 
to establish guidance for management of the over 12 million acres of public­
domain l'ands in the California Desert Conservation Area. The conservation 
area encompassed the Mojave .Desert, the Colorado Desert, and a small part of 
the Great Basin Desert. The goal of the plan was "to provide for the use of' 
the public lands and resources of the California Desert Conservation Area, 
including economic, educational, scientific, and recreational uses, in a 
manner which enhances wherever possible - and which does not diminish, on 
balance:- the environmental, cultural, and aesthetic values of the Desert and 
its future productiv.ity" (U.S. Bureau of Land Management, or BLM, 1980). 

The overall management goal of the BLM for the conservation area was to have a 
fully operational plan in effect in 20 years after approval of the plan in 
1980.· For wild animals {"wildlife" in the context· of the plan), this meant 
that "[w]ildlife habitat will have been maintained and improved so that 
declining wildlife populations will be showing improving trends or 
stabilization. The number of species on threatened, rare, or endangered lists 
will be decreasing" (BLM 1980) . 

By policy the BLM was then and is now required to manage for State-listed 
Threatened and Endangered species. A primary obj.ective of the California 
Desert Conservation Area Plan was to manage "federally and State-listed 
species and their habitats to comply with existing legislation and Bureau 
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policies. In brief, the continued existence of these species will not be 
jeopardized by Bureau actions. Where possible and feasible, populations and 
habitats will be stabilized and/or improved. The overall objective will be to 
improve the status. of such species so that delisting can occur. Management of 
these species and their hab~tats will occur through close coordination with 
other State .and Federal agencies"(BLM 1.980). The statement in the cited 
passage indicating an intent to not jeopardize State-listed.species byBLM 
actions is at odds with a statement elsewhere in the desert plan, in a review 
of the multiple-uses classes for management of lands within the conservation 
area, that all "State and federally listed species and their critical habitat 
will befully.protected [emphasis added]" (BLM 1.980). The inference from the 

. second passage is that State-listed species and their critical habitats will· 
be prote·cted by the BLM whenever they occur, while the inference from the 
first passage is that no further jeopardy will be imposed. The first 
constitutes passive avoidance of impacts, while the second implies active 
management for designated habitats. 

The BLM spent several years in the late 1.970s conducting inventories of 
wildlife in the conservation area. As a result, the BLM was able to propose 
the.establishment of 28 Areas of Critical Environmental Concern (ACECs) to 
solely or partially protect wildlife. "Management prescriptions for ACECs 
identified for wildlife resources will include aggressive management actions 
to halt and reverse declining trends and to ensure the long-term maintenance 
of these critical fish and wildlife resources" (ELM 1.980). Proposed 
management in ACECs generally receives priority by the BLM for plan 
preparation, implementation, and management. Two ACECs to speci·fically 
protect the Mohave Ground Squirrel and its habitat were proposedi these were 
the D"esert Tortoise Research Natural Area ACEC (Kern CountYi 24,000 acres of 
public and private lands) and the West Rand ACEC (Kern CountYi1.6,OOO acres of 
public and private lands). Habitat Management Plans (HMPs) were to be 
prepared for an additional 58 areasi HMPs are "detailed plans developed 
specifically for wildlife habitats or species which require intensive, active 
management programs" (BLM 1.980). HMPs are generally of lower priority than 
ACECs in the BLM in regard to plan preparation, implementation, and funding. 
Three HMPs to specifically protect habitat of the Mohave Ground Squirrel were 
proposed for Rose Valley (Inyo County), Superior Valley (San Bernardino 
County), and the Western· Mojave Desert Crucial Habitats (Kern and San 
Bernardino counties) (BLM 1980). The latter HMP was to protect crucial 
habitat for the .Mohave Ground Squirrel and the Desert Tortoise in Indian Wells 
Valley a:t:ea, Fremont Valley, and the Boron/Black Hills area. 

Because inventories conducted during the preparation of the desert plan for 
State-listed species were, for most species, not comprehensive, the BLM's 
policy. in 1.980 was to complete more intensive inventpries within.three years 
of .acceptance of the desert plan and to complete HMPs within two years 
following completion of the inventories. In furtherance of this policy, 
Aardahl and Roush (1.985) conducted trapping for the Mohave Ground Squirrel at 
22 sites in the northern and central parts of the geographic range. Specific 
management plans. have been prepared by theBLM for the Desert Tortoise Natural 
Area ACEC· and a new HMP area (the West Rand ACEC together with adjacent areas) 
named the Rand Mountains/Fremont Valley Management Area. In addition, the 
much larger West Mojave Coordinated Management Plan ·currently is under 
preparation. (See the discussion of the latter plan under its title in this 
section of the status review.) 
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Habitat for the Mohave Ground Squirrel was illustrated in map 4 of the desert 
. plan as three separated areas along Highway 395 from Rose Valley south to just 
north of Kramer Junction and a fourth area in Superior Valley north of 
Barstow. The text reference to this map simply stated that habitats of 
IIlisted species" are "generally indicated on Map 4: •••• " The7="e was no 
indication in the text that the four areas shown for the squirrel were to be 
specially managed for the species, but the areas do correspond to mapped 
locations of HMPs for the squirrel and other species mentioned in the 
immediately preceding paragraph of this status review. Aardahl and Roush 
(~985) termed the four areas on map 4 IICrucial'Habitat" for the squirrel: 

Memorandums of Understanding 

CESA (Section 208~ of Fish and Game Code) authorizes the Department{ through 
permits or Memorandums of Understanding (MOUs), to allow II individuals { public 
agencies, universities,zoological gardens, and scientific or educational 
institutions, to import, export, take, or possess any' endangered species, 
threatened species, .or candidate species for scientific, educational; or 
management purposes." The primary use of MOUs by the Department is to allow 
take and possession .for scientific and educational purposes. Because the 
definition of "take" includes hunt, pursue, catch, and capture (Section 86 of 
the Code), any capturing of .live animals is considered to be taking. 

In the case of the Mohave Ground Squirrel, MOUs are 'issued to biological. 
consultants who are attempting to determine the presence or absence of the 
species, to students and researchers who are investigating aspects of life, 
history, and to agency biologists who are conducting pre-project surveys or 
post-project 'monitoring. Any person who attempts to capture a Mohave GroUnd 
Squirrel'must possess a State scientific collecting permit issued by the 
Department plus an MOU or a letter-permit issued in lieu' of' an MOU. 

Each MOU specifies how the Mohave Ground Squirre~ can be captured and whether 
animals can be marked in any way, the names of persons authorized to work 
under ·the MOU,the disposition of animals which inadvertently die in the 
course of field work, and how results of· .field work must be reported to the 
Department. EachMOU has specific starting and ending dates. 

An updated list of curr~nt MOU-holders for work on the Mohave Ground Squirrel 
is maintained by the Department. 

Survey Guidelines 

For development projects in the western Mojave Desert within the geographic 
range of the Mohave Ground Squirrel which would cause the destruction or 
degradation of native plant commun.:i:ties, the Department for some years 
required that·'uhe presence or· absence· of the squir·relbe determined. 
Biological consultants hired by project 'proponents or lo.cal lead agencies used 
several techniques and yariations of the techniques to determine presence or 
absence. Some used visual observation alone, some used a combination of 
visual means and live-trapping, and others used only live-trapping. Of those 
who trapped, some employed traps for three consecutive days on the ~roject 
site and others placed traps for five or more days. ' Trap size varied as did 
the arrangement of traps on the ground; some consulting biologists placed 
traps in a straight-line transect, and others used rectangular grids of 
various .numbers of traps. Live-trapping was done in any month from February 
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through, July/ whether'or not squirrels were active above ground. Thus/ the 
Department did not have confidence in the results of some surveys which 
concluded that no Mohave'Ground Squirrels were present on a site. We also 
were unable' to compare the results of some surveys, to others/ because the 
procedures and techniques varied so widely. 

In late 1987 the Department prepared survey guidelines for persons conducting 
live-trapping studies of the Mohave Grouri.d Squirrel. The guidelines 
standardized procedures and conditions for trapping ?o that survey results for 
all studies could be as comparable as possible. The guidelines were required 
by the Department to be used on any project site at which the presence or 
absence of the Mohave Ground Squirrel needed to be determined. The first 
application of these guidelines was in the field season (March through June) 
of 1988. Comments were received and invited from interested parties/ 
particularly those persons who had used the guidelines in the field/ and the 
guidelines wer'e revised for use in 1.989. Subsequent revisions were made for 
the field seasons of 1990 and 1991; 1991 was the last year in which the 
guidelines were used. Despite the use of consistent methods for surveys/ the 
live-trapping method was inconclusive in reliably determining presence or 
absence of the squirrel. In 1.991 the trapping was replaced by the methodology 
termed Cumulative Human Impacts Evaluation Format. 

CUmulative Human Impacts Evaluation Format 

Rempel and Clark (1990) / in their study in Indian Wells Valley/ found that 
Mohave Ground Squirrels at times would not enter baited live-traps even 'tho:ugh 
the animals were present on the trapping site. Other workers reported like 
situations. Thus/ trapping surveys which concluded that no Mohave Ground 
Squirrels were present beca'\lse none had been captured were often suspect/ even 
th~ugh the Department's survey guidelines .had been strictly foliowed (see 
section on Survey Guidelines above). In addition/ the drought-period of 
approximately 1986-:)..992 in the Mojave Desert overlapped the'years of 1.988-1991 
when the survey guidelines were required to be used; the drought resulted in 
at least a local effect on the quantity and quality, of herbaceous vegetation 
within the geographic range of the Mohave Ground Squirrel (see discussion of 
the findings of Leitner and Leitner 1989/ 1990/ 1.992/ and Leitner e,t al.' ,1991 
in the subsection on Food Habits/ Foraging/ and Home Range in this status 
review). As has been discussed in the section on Distribution and Abundance/ 
the Mohave Ground Squirrel seems' to :respond locally to a season of scant 
precipitation and poor forage conditions by not reproducing in that year. 
After several years of such conditions the local population of squirrels dies 
out. The plant community remains habitat for the squirrel/ but there are no 
animals of this species occupying it. Traps set out during this period would~ 
of course/ capture no squirrels. 

Based on the fact that squirrels may be present but do not always enter traps 
and that the species may become locally extinct due to climatological 
conditions/ the Department decided to discontinue the requiremen~ for the use 
of live-trapping to determine presence or absenCe of the squirrel. Armed with 
the knowledg~ that the Mohave Ground Squirrel can be found in every plant 
community within its geographic range (see Essential Habitat section of this 
status review) and using the human-impact rating system developed by Rempel 
and Cla~k (1990) / the 'Department in mid-1991 began requiring the use of the 
Cumulative Human Impacts Evaluation Format (CHIEF) methodology for projects 
which occur within the range of the squirrel. 
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The CHIEF system emphasizes the degree of human or human-related disturbances 
which have occurred in the habitat on a project site, without regard to the 
intrinsic value of the habitat to the Mohave Ground Squirrel .. The primary 
assumption in using the CHIEF system is that habitat with the greatest degree 
of human disturbance has the least value to the species over time. Habitats 
in closer proximity to human activities tend to have the greatest disturbance. 
Since these disturbances usually increase overtime, such areas probably will 
not support populations of the squirrel in the long term. An example is the 
Lancaster and Palmdale area. 

Prior to adopting the CHIEF system, the Department required compensation for 
destruction of habitat only in areas in which Mohave Ground Squirrels had been 
trapped. There was no standard for compensating loss of habitat in areas in 
which the squirrel occurred but had not been. trapped or observed. The 
Department now considers compensation when development within the range of the 
species results in loss of habitat. No compens~tion is required if 
development occurs in areas which the Department determines are not habitat. 

The CHIEF methodology was not designed or intended to be used for determining 
presence or absence, or habitat requirements, of the squirrel. It is strictly 
intended to evaluate habitat for degree of disturbance and derive a numerical 
score as a rating for the site. The score then is used to determine a 
compensation ratio. The goal of the Departm~nt is to consolidate management 
areas (preserves) for the Mohave Ground Squirrel by acquiring, or directing 
the acquisition'of, parcels in a pattern which results in protection of large 
areas. These should contain the different plant communities of the western 
~ojave Desert, be located throughout the range of the squirrel, and be of 
sufficient size to sustain the species in perpetuity. 

A workshop to train consulting and agency biologists in the CHIEF methodology 
.was held in Barstow in August 1..991. The workshop was sponsored by the San 
Joaquin Valley Chapter of The wildlife Society, an international organization 
of professional wildlife biologists, and the Department. In 1.992 the 
Department revised and improved the methodology, and a refresher workshop for 
biologists was held in Barstow in September 1.992. A companion workshop for 
planners, to inform them of the regulatory steps required for project 
apprqval, was held concurrently in Barstow. The 1.992 workshops were sponsored 
by the Department and the Southern California Chapter of The Wildlife Society. 

'Biennial Report on State"':listed Species: 1.972-1.983 

The State Endangered Species Act of 1.970 required the Department to submit to 
the Governor and Legislature a ,biennial report on the status of animals listed 
as Rare and Endangered,. with recommendations for preserving, protecting, and 

'enhancing those species.. Each of the reports had the ,primary title o£ "At The' 
'Crossroads", The first'report·<was issued in 1.972, and others followed in 
1.974, 1.976, 1.978, and 1.980. The last report in the series was a 1.983 
supplement and amendment to the 1.980 report. 

Each report other than' the 1.983 amendment contained a summary of legislative 
and conservation actions for listed species and an account with a map for each 
species, including the Mohave Ground Squirrel. Maps illustrating the 
geographic range of the squirrel were included in the 1..972 and .1.980 reports, 
but the maps in the 1.974, 1.976, and 1.978 reports only displayed sites of known 
occurrence since 1.972. 
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Five-year Status Report 

CESA requires the Department to review the status of each State-listed 
Endangered species: and Threatened species every five years, and to submit a 
written report to the Commission. In 2987, the Department prepared the first 
report (Gustafson 2987) on the status of the Mohave Ground Squirrel and 
recommended to the Commission that the "Threatened" classification be 
retained. The basis of our recommendation was the knowledge. that the habitat 
of the squirrel continued to be destroyed, fragmented, and degraded, 
particularly in the three urban areas described in the Threats section of this 
status review. However, we did not have complete knowledge about the extent 
of, or the impacts to the squirrel of, habitat changes occurring in the 
southern portion o.f the geographic range. Therefore, we were unable to judge 
whether the species was in danger of extinction in that portion of its rcmge 
and, thus, whether it was deserving of a classification of Endangered rather 
than Threatened. Also, as the 2987 report stated, II [b]ecause uncertainty does 
exist '(in the absence of studies which would provide information) about the 
vulnerability of the [Mohave Ground Squirrel] to extirpation within [certain] 
portions of its range, the [Department] will not propose that the [species] be 
classified as a federal Endangered or Threatened species at this time" 
(Gustafson 2987) . 

The status report pointed out that the "chief management needs in conservation 
of the [Mohave Ground Squirrel] are protection of habitat by public agencies, 
intensive' field studies to discover unknown aspects of the life history of the 
species, and a program of habitatpreservation" (Gustafson 2987). The repo.rt 
also stated that restoration of degraded habitat, through the con~rol of 
livest;.ock grazing and off-highway vehicle use and the planting of vegetation 
preferred by the squirrel,· was needed. The report recommended that a. recovery 
plan be prepared, that studies to determine unknown aspects of the squirrel's 
life history be conducted, and that the impacts of rodenticides on the 
squirrel be investigated. 

The Commission accepted the Department's recommendation and the Mohave Ground 
Squirrel was retained on the State list of Threatened species. The next 
status report for the squirrel was due in 2992, but the preparation of this 
status review has precluded the need for a separate report. 

Annual Report on State-listed Species: 1986-Present 

CESA (Section 2079 of Fish and Game Code) requires the Department to prepare 
an annual report summari'zing'the status of allState-listed species of animals 
and plants. The most recent report· is for the calendar year of 1992. Among 
the species-accounts is one for the Mohave Ground Squirrel (Gustafson 2992) . 
In the account the management needs. for the squirrel were li.sted as follows: 
protection of habitat by local, State, and federal agencies in project review; 
permanent protection of habitat by establishing a series ·of preserves in 
public ownership; a one-time determination of the status of the squirrel 
(local distribution and relative abundance) in'portions of .its range; periodic 
surveys to repeat the status determination; studies to determine vari9us 
aspects of life history; preparation of a mana~ement plan; restoration of 
degraded habitats through the control of livestock grazing and off-highway 
vehicles and through revegetation; and investigating impacts of rodenticides 
on the squirrel. 
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The concluding statement of· the account is that the "population trend [of the 
Mohave Ground Squirrel] is considered to be declining due to loss of habitat 
to urban and agricultural development, overgrazing by livestock, highway 
construction and [off-highway vehicles]" (Gustafson 2992). 

Published Book on State-listed and Federally Listed Animals 

In 2990 the Sierra Club, in cooperation with the Department and the California 
Academy of Sciences, published a soft-cover book (Steinhart 2990) on all 
California animals listed as Threatened or Endangered by the State and federal 
governments. preparation. of the book was financed by the California 
Endangered Species Tax Check-off Program. The book contains a short account 
and a color photograph of each species, including the Mohave Ground Squirrel. 
The species accounts are presented by geographic region of California, 
including one entitled "Desert Regions." Each species account was reviewed in 
draft form by a Department biologist. The book contains an essay on evolution 
a~d biodiversity in California by R. Bowman. The author of the book, P. 
Steinhart, discusses in.an introduction to the species accounts past and 
present conservation efforts, obstacles to protection of species, funding 
efforts, and involvement by citizens. 

Federal Candidacy 

Periodically the u.S. Fish and Wildlife Service publishes in the Federal 
Register a notice that the Service is reviewing·the status of certain species 
of native United States animals for possible addition to the federal list of 
Endangered and Threatened wildlife. Each notice includes a list of those 
species under review. Species which are in categories 1 and 2 on the list are 
considered to be candidates for listing as Endangered or Threatened. Category 
1 species are those "for which the Service has.on file enough substantial 
information on biological vulnerability and threat(s) to support [federal] 
proposals to list them as endangered or threatened species. Proposed rules 
have not yet been issued because thisaction.is precluded at. present by other 

.listing activity" (U.S. Fish and Wildlife Service, or FWS, 1991). Category 2 
species are those "for which information' now in the possession of the Service 
indicates that proposing to list as endangered or threatened is possibly 
appropriate, but for which conclusive data on biological vulnerability and 
threat are not currently available to support proposed rules" (FWS 2992) . 
Candidate species do not receive substantive or procedural protection of the 
federal Endangered Species Act. However, development ,and publication in the 
Federal Register of proposed rules on Category 1 candidates are anticipated by 
the Service, which encourages other fede~al agencies to give consideration to 
such species in environmental planning (FWS 1992). A .feature of the most 
recent notice of review is a designation, of status trend. The status of each 
species .is identified as either Improving, Stable; Declining, or Unknown. 

The most recent notice and list, ·which reflect the Service's current judgment 
about the possible ~lnerability and status trends of native animals in the 
United States, were in the Federal Register of November :1.99'1 (FWS 1991). 
Among the mammals on the list is the Mohave Ground Squirrel. ~t is designated 
'as a Category 2 species. The status trend for the squirrel is "Declining", 
which was defined as indicating "decreasing numbers and/or increasing threats" 
(FWS :1.991). Because there is no information on numbers of squirrels (numbers 
are not meaningful in any case for a small mammal such as the squirreli see 
discussion in the section of this status review on Distribution and 
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Abundance), the Service evidently is concerned about increasing threats to the 
species. 

Coso Mitigation Prog~am 

A comprehensive mitigation plan to address impacts to the Mohave Ground 
Squirrel resulting from geothermal development in the Coso Known Geothermal 
Resource Area (KGRA) at China Lake Naval Weapons Center has been developed. 
This is a joint plan by the BLM, the u.S. Navy, and the Department and is 
known as the Coso Mohave Ground Squirrel Mitigation Program. The Program 
consists of several elements, including rehabilitation of degraded vegetation 
throughout approximately 43,500 acres of the KGRA, thereby improving the 
quality of habitat ,for the Mohave Ground Squirrel. "The Program proposes to 
accomplish this goal by eliminating grazing pressure by domestic cattle" 
(Leitner and Leitner 1989). The Program also requires a long-term monitoring 
study to evaluate the success of eliminating grazing. The specific components 
of the study are to "improve the quality of remaining habitat for the 'Mohave 
Ground Squirrel within the geothermal development area", to "evaluate the 

'effectiveness of the habitat improvement program", and to "develop information 
about habitat requirements of the Mohave ground squirrel" (Leitner and Leitner 
1989) . 

Baseline studies were conducted on four permanent study sites, two within the 
planned cattle exclosure and two outside, in 1988 (Leitner and Leitner 1989) 
and 1989 (Leitner and Leitner 1990) to determine distribution and abundance of 
the Mohave Ground Squirrel and to characterize the shrubby and herbaceous 
vegetation. In addition, studies were done in 1988 and 1989'to document 
cattle and'feral burro use and to collect and analyze fecal samples from 
Mohave Ground Squirrels" antelope squirrels, Black-tailed Hares, cattle, and 
burros to determine their ,respective diets. 

The four study sites were chosen from a field of 16 sites which met the 
folTowing criteria: "no geothermal development or other surf,ace disturbance 
planned through the year 2000; habitat likely to support adequate numbers of 
Mohave ground squirrels to allow useful between-year comparisons; habitat 
generally typical of basin and bajada areas in the Coso KGRA in terms of 
topography, soils, and n'atural communities; presently receiving use by 
livestock; readily accessible by vehicle' [for research purposes]; acceptable 
to surface management agencies [the Navy and BLM] ... ; two of the sites must 
lie within the proposed boundaries of the grazing,exclosure and two located 
outside these boundaries" (Leitner and Leitner 1989) . 

After two years of collecting baseline data, a f'ence, was built in the fall of 
,1989 around the perimeter of the Coso Grazing Exclosure. cattle were excluded 
beginning in December 1990. Monitoring studies continued in 1990 for a third 
consecutive year (Leitneret al. 1991). Further monitoring is scheduled for 
1992, 1994, 1996, and 2001. However, the Department funded a limited 
continuation of studies in 1991 (Leitner and Leitner 1992). A popular ,account 
of the field studies at Coso was written by Roberts (1990),. 

Workshop in Ridgecrest 

In April 1990 the City of Ridgecrest and the China Lake Naval Weapons Center 
co-sponsored a two-day workshop in Ridgecrest entitled "High Desert Growth and 
Development and Mohave Ground Squirrel Management Workshop: A Cooperative' 
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Approach". Invited participants were professional wildlife biologists from 
State and federal agencies, academic institutions, and consulting firmsj 
planners from public agenciesj and developers. The goal of the workshop was 
to provide a forum for sharing information on the life history and habitat 
requirements of the squirrel and, for discussing how management of the species 
could be achieved by cooperative parties. 

The four workshop-sessions each consisted of a series of speakers followed by 
a question-and-answer period. Over the two days there were speakers 
representing the following groups: Naval Weapons Center, the Department, U.S. 
Fish and Wildlife Service, BLM, California State University - Doming~ez 

Hills, Maturango Museum, St. Mary's College, California Energy Commission, 
County of .Kern, Luz Development Corporation, ENSR Consulting and Engineering, 
County of Inyo, The Nature Conservancy, Regional Environmental Consultants, 
City of Ridgecrest, and private developers. / 

Section 2081 Management Permits 

The description of the Section 2081 process in this. section of the status 
review is taken largely from a draft manuscript prepared by D. Showers of the 
Department's Environmental Services Division, Sacramento and from personal 
communication with R. Rempel of the Department·,s Region -4, Fresno. 

CESA has two provisions which relate to the taking of State-listed Endangered 
and Threatened species. .Taking in the context of endangered species .is not 
only the traditional take (to "hunt, pursue,' catch, capture, or kill, or 
attempt to hunt, pursue, catch, capture, or kill" - Section 86, Fish' and Game 
Code) but also is the destruction (complete'loss of use to a species) of 
essential habitat. Section 2080 of the Code prohibits taking of listed 
species. However, State lead agencies may be allowed to take a listed species 
under Section 2090 of CESA if the taking is incidental to carrying out an 
otherwise lawful project under CEQA. The taking must be approved by the 
Department after issuing findings in a Biological Opinion. The Biological 
Opinion specifies to the State lead agency which reasonable and prudent 
measures the agency must adopt to minimize the adverse impacts of the 
incidental taking. 

CESAidoes'not authorize incidental taking for other than State lead agencies. 
However, Section 2081. does authorize the Department to permit take for 
educational, scientific, or management purposes only. (The application of 
thi's Section for educational and scientific·purposes is discussed in the 
section of this status review'on Memorandums of Understanding.) Non-State 
development which adverseTy affects.a listed species' by taking,.is prohibited 
unless the Department issues a permit for management purposes.. The Department 
has developed procedures by which a Section 2081 management permit may 
function-similarly to an incidental-·take permit under the federal Endangered 
Speci-_es-Act. The permittee must mee·t -strict provisi.ons .. and -standards in an 
implementing agreementj the permittee signs the agreement as a promise to 
carry out the provisions. In order to meet the requirements .of Sect~on.2052 
(to conserve, protect, restore, and enhance listed species and their habitat), 
the "Department must permit only those projects which will have a net benefit 
to a species. Note that this requirement differs from the requirement that 
State lead. agencies need to show only that they have minimized ,the adver.se 
impacts o.f the taking. 
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It is the responsibility of the party causing the taking to ensure full 
mitigation for the loss of individual animals or plant populations. Full 
mitigation includes the setting aside of habitat to replace the lost habitat, 
enhancement of the set-aside habitat, and providing ior the long-term 
management of the habitat. At the time the implementing agreement is signed 
by the Department and the other party the permit goes into effect. The 
project may proceed even if all.of the mitigation is not i~ place. 

The Department began applying the concept of management permits under Section 
2081 to private projects in 1.987. Since that time, there have been 19 
applications to the Department for permits on projects which will take the 
Mohave G~ound Squirrel; as a result of these applications 1.1. permits have been 
issued by the Department. 

West Mojave Coordinated Management Plan 

The description of the West Mohave Coordinated Management Plan in this section 
of the status review is derived from an October 1.991. Preparation Guide issued 
by the BLM, the Department, and the Fish and Wildlife Service for .the planning 
process. 

In 1990 the BLM, concerned about inconsistent approaches to conserving the 
Desert Tortoise on public and private lands,initiated discussions with the 
Department and the Fish and Wildlife Service seeking ways to deal with' , 
tortoise-related issues .in a more consistent manner. The discussions led to 
the concept of a multi-agency planning effort that would establish direction 
for tortoise management on all lands in the western Mojave Desert region. The 
benefits of the effort were envisioned·as follows: finding a regional 
solution for protecting the tortoise while allowing development, establishing 
equitable'and consistent conservation measures, establishing a coordinated 
approach to tortoise management among the involved agencies and groups, and 
finding the best solution for managing tortoise populations within the region. 
The Department, the Service, and other entities suggested that the Mohave 
Ground Squirrel .be included in the planning effort as a major element because 
it is a State-listed species. The inclusion of the squirrel and other species 
in the plan fits with the intent of an agreement recently signed by the BLM, 
the Department, the Service, and other entities to conserve biological 
diversity in California through protection of ecosystems. Thus, the plan will 
bea multi-species document with benefits for more than a single species. 

The region for which the management plan is being prepared 'is the "West Mojave 
Desert". The bounda~y of the planning area was deriyed from the known 
geographic ranges of the tortoise and Mohaye Ground Squirrel in the western 
Mojave Desert and is a general representation of the habitat limits of the two 
species which roughly follows major topographic features and federal-agency 
management-boundaries.' The boundary encompasses' approximately 8.6 million 
acres, extending from Rose Valley on the north to the San Gabriel and San 
Bernardino mountains on the ~outh, and the Antelope Valley on the west to 
Twentynine Palms on the east. The planning area includes portions of five 
counties (Inyo, San Bernardino, ~iverside, Los Angeles, and Kern), of eleven 
inco~orated cities ·and towns (Barstow, Adelanto, Apple Valley, Hesperia, 
Victorville, Yucca Valley, Twentynine Palms, Palmdale, Lancaster, California 
City, and Ridgecrest), of numerous uninco~orated communities, of four 
military bases (China Lake Naval Air Weapons Center, National Training Center 
and Fort Irwin, and Twentynine Palms Marine Co~s Base and' Edwards Air Force 
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Base), and of two national monuments (Death Valley and Joshua Tree).. The 
geographic range of the tortoise includes practically all of the planning 
area, but the range of the squirrel is only in the western-most· portion of the 
planning area from the vicinity of Fort Irwin, Barstow, and Apple 
Valley/Victorville/Hesperia westward. 

Although the tortoise and the squirrel are· the target-species in the planning 
process, other sensitive species of plants and animals are found within the 
planning area. Some, but not all, of these species may be identified for 
special management. 

All agencies having land-management and/or regulatory jurisdiction affecting 
the target-species have been invited to participate in the planning process, 
but no agency will be required to participate. Both public and private lands 
within the planning area will be addressed by the plan. A mUlti-agency 
planning effort is appropriate in the western Mojave Desert because 1. the 
geographic ranges of the two target-species extend over a wide area of 
intermixed public,military, and private lands; 2. without proper 
coordination, the regulatory agencies often produce conflicting and 
contradictory decisions affecting these species; and 3. appropriate long-:term 
management. of these species can only be accomplished by focusing on all of the 
habitat and·by including all of the applicable regulatory agencies. By 
addressing the issues of species protection and human development/uses in the 
western Mojav.e Desert on a habitat-wide basis with the participation of all 
affected agencies, the range of options for protection and development are 
greatly increased over the options .available on a species-by-species or 
project-by-project basis. It is intended that the plan will meet the needs 
of, and be adopted by, the participating agencies. 

The plan will contain a comprehensive set of decisions directing long-term 
management of the target-species.· The plan will be designed to meet the 
requirements of a Section 2081 (Fish and Game Code) management-permit 
application and an application for.a federal incidental-take permit. If the 
Department accepts the plan,· Section 2081 management permi~s would be issued 
to the participating non-federal agencies. ·Additional Section 208~· permits 
and federal permits for incidental take of the tortoise and Mohave Ground 
Squirrel would not be required for projects of the participating non-federal 
and federal agencies, as long as future activities, land-use decisions, and 
proposed mitigation/compensation packages are consistent with the terms of the 
State and federal permits. It is anticipated that, upon approval of the plan 
by the participating agencies and acceptance by the Departmemt and the 
Service, existing land-use plans and policies of the participating agencies 
would be modified .to conform to the ·West Mojave plan. It also is anticipated 
that any future planning or permitting by participating agencies that affects 
the two target-species would not be approved unless the planned or permitted 
activity is in conformance with the West Mojave plan. 

Products of the plan will include the identification of management zones, as 
well as defined compatible uses and management prescriptions in these zones, 
for the Mohave Ground Squirrel and the tortoise. The zones will represent 
habitat essential to the survival of one or both of the target-species. The 
category of zoning (A or B) will indicate the degre·e of management intensity 
needed to maintain long-term survival and genetic diversity of these species. 
The specific number and nature (i.e., permitted uses in the habitat) of the 
management categories will be defined in the planning process. 

53 



Other identified products of the plan will be uniform mitigation and 
compensation requirements, management.actions needed to enhance recovery of 
the two species, resource monitoring requirements needed to ensure that 
management goals are being met, sources of implementation funding, and 
implementing schedules and responsibilities. 

The BLM; in cooperation with the Department and the Service, is serving as the 
lead in the planning process. These agencies are being advised at several 
'levels by a variety of agencies and non-governmental a,dvocacy groups. A draft 
plan and accompanying environmental documents are proposed for public review 
in June J.993 .. 

The working concept by the BLM, the Department, . and the Service is that A­
zones.for .the Mohave Ground Squirrel will be selected to ensure long-term 
survival of populations distributed throughout the range of the species and to 
ensure corridors of contiguous habitat to allow for gene flow between A-zones. 
A-zones will be areas of high-quality and medium-qu'ality habitat. An' area of 
high-quality habitat is defined as having either a large number of records of 
occurrence and much undisturbed habitat; a large number of ,records around the 
perimeter of the area with contiguous undisturbed habitat throughout the area; 
or records over a long period of time with continued undisturbed habitat. An 
area of medium-quality habitat is defined as having either numerous records of 
occurrence but with habitat somewhat degraded by human-induced impacts or some 
records over a long period but with relatively undisturbed habitat.· 

S:\-nceit is conceivable that populations of the Mohave Ground Squirrel might 
decline until they occur only on A-zones ,. then A- zones must be adequate in 
quality and qUantity of habitat as well as pattern of distribution to ensure 
survival of the species. Human us,es in A- zones will be restricted to those 
wi.th a net benefit or no net negat:i,ve impact to survival of the squirrel. 

Each A-zone should be at least 60,000 acres in size. This acreage is based on 
general population biology theories, using data on the density of female 
Mohave Ground Squirrels reported by Recht (J.977) , Leitner and Leitner (J.989, 
J.990) , and Leitner et al. (299J.). A description of the theories and of the 
calculations used to derive 60,000 acres as a minimum A-zone size are in the 
Abundance subsection of this status review. 

Five A-zones tentatively have been selected, representing the northern, 
western, eastern, central, and southern portions of the range of the Mohave, 
Ground Squirrel. A-zones will include as much public and military land as 
possible, to minimize the need to acquire private land. The A-zones for the 
Mohave Ground Squirrel will,be fitted with A-zones designated for the Desert 
Tortoise to create larger zones in situations in which the zones for the two 
species overlap. Only 5J.5,000 acres currently are proposed for A-zones for 
both the squirrel ~nd the tortoise within the range of the squirrel. This 
acreage constitutes just 10.6% of the entire range of the squirrel. The West 
Moja,:eplanning staff of the BLM has calculated that only 53,000 acres (J.% of 
the squirrel's range) currently are protected on lands meeting A-zone criteria. 

Surrounding all A-zones will be B-zones, in which restricted human uses will 
be fewer but in which the management goal will be to protect the squirrel and 
the tortoise'. The concept is that the establishment and maintenance of B­
zones is necessary to protect the integrity of the enclosed A-zones.'· The West 
Mojave plan currently proposes to designate 2,415,900 acres within the range 
of the squirrel asB-zones. This acreage is 49.7% of the total range., 
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The remainder of the land in the West Mojave planning area will be designated 
as the C-zone, in which land uses are not further restricted. The 'C-zone, as 

. tentatively defined, constitutes about 1,933,000 acres of the range of the 
Mohave Ground Squirrel. This is 39.7% of the range and is an area that may be 
almost completely developed as the human population increases in the western 
Mojave Desert. This acreage is almost entirely private land, although about 
half of Edwards Air Force Base is in the proposed C-zone. Thus, it can be 
seen that A-zones and B-zones primarily will be on non-private lands, while 
most private lands in the desert may be developed without further restrictions 
on the protection of habitat. The Department's assumption is that all private 
land within the range of the squirrel not acquired for A-zones and B-zones 
will be developed. No other assumption is £easible. 

Mohave Ground Squirrel ,Working Group 

In late 1992 the Department formed a group of non-agency biologists and 
Department biologists to serve as a technical advisory team on issues 
regarding the biology and conservation of the Mohave Ground Squirrel. The 
team's formal title is Mohave Ground Squirrel Working Group. The non-agency 
participants are persons who .havefield and research experience with the 
Mohave Ground Squirrel. The Department participants include those biologists 
who have field management responsibility for the squirrel, those who conduct 

, proj eC,t review and develop recommendations for avoiding or minimizing impacts 
to the squirrel, those who are participating in the BLM's West Mojave planning 
process, and those in Sacramento who have responsibility for overall policy 
development and direction on conservation and mitigation issues regarding the 
squirrel. Other participants in the working group meetings are BLM and Fish 
and W~ldlife Service personnel. 

The first working-group meeting was held in Barstow in January 1992. Other 
meetings have followed in Barstow in 1992 and 2993. In an August 1992 
gathering, the working group revised the boundary of the geographic range of 
the Mohave Ground Squirrel, using information collected by the Department and 
the BLM. Both agencies now accept this boundary as encompassing the current 
range of the squirrel. 

DISTRIBUTION AND ABUNDANCE 

Distribution 

The first statement about the geographic range of the Mohave Ground Squirrel 
was by Merriam (1889), who wrote that "[s]o far as known the present species 
is confined ,to the arid desert in which the Mojave River sinks. At all events 
enough is known of the mammals of the surrounding region to justify the 
statement that it does .not occur to the west, south, or east of the Mojave 
dese~t - hence theon'ly-direction in which it 'may yet be ·foundi·s to the 
northward, i:t:l the desert region of southern Nevada." Grinnell and Dixon 
(1918) stated that the range of the species was in the "western parts of the 
Mohave [sic] Desert, from Haiwee, .Inyo County, south to Rabbit Springs, San 
Bernardino County .... " A map in Grinnell and Dixon (1918) illustrated the 
range of the squirrel as an exaggerated "L", with the angle of theL appearing 
to encompass the Antelope Valley. Howell (1938) described the range of the 
squirrel as "Mohave [sic] Desert, Calif .. , west to Palmdale, Los Angeles 
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CountYi north to Haiwee Meadows, Inyo County; south to Rabbit Springs, San 
Bernardino County .... " A map in Howell (1938) showed the range to be 
approximately triangular in shape, with the southwestern angle (or·" toe" ) 
appearing to encompass the Antelope Valley. west of Palmdale and Lancaster. 

Hall and Kelson (1959) portrayed the range of the squirrel on a map without 
the extension into the Antelope Valley west of Palmdale and Lancaster. A map 
of the range of the Mohave Ground Squirrel prepared by the BLM in 1977 prior 
to the work of Wessman (1977) also did not illustrate the toe extending west 
of these cities. Wessman (1977) found that the Mohave Ground Squirrel existed 
£urther to the east than had been known in· the vicinity of Fort Irwin and near 
the Avawatz Mountains. Aardahl and Roush (1985) attempted to capture the 
squirrel near Olancha and in the southern end of the Panamint Valley, both in 
Inyo County, but they were unsuccessful. They did identify a Mohave Ground 
Squirrel 1.5 miles north of Olancha. The BLM's 1977 map, the work of Wessman 
(1977), and the map presented by Howell (1.938) provided the basis for the map 
of the range of the squirrel in the ,fifth biennial report by the Department on 
the status of State-listed animals (CDFG1980). 

An examination of museum records compiled by the Department reveals several 
collection-locations cited simply as "Palmdale". It is not possible to 
determine,how far, or in which direction, from .Palmdale these specimens were 
collected. However, the toe of the Antelope Valley almost certainly contained 
the Mojave Desert scrub and Joshua Tree habitat of adjacent still-vegetated 
areas. Indeed, remnants of these communities still exist in the western-most 
Antelope Valley although agriculture .long ago claimed most of this area. 
Thus, it is likely that Mohave Ground Squirrels existed in the Antelope Valley 
as far west as plant-community distribution and topography allowed. 

Hoyt (1972) commented that the Mohave Ground Squirrel "has one of the most 
restricted distributions of any species o.f ground squirrels." Indeed, of the 
seven species in the genus Spermophilus which are found in California, the, 
smallest geographic range belongs to the Mohave Ground Squirrel. This is true, 
despite the fact that Wessman (1977) found the range to extend approximately 
40 miles further to the east than had been previously known. Fieldwork by 
the BLM in 1973-1975 in the eastern part and along the northwestern edge of 
the known distribution had helped flesh out the boundary. 

Curiously, Chesemore and Carroll (1.976) reported a "first record" of the 
Mohave Ground Squirrel in: Kern County for March 1975 near California City. 
These authors noted that Hoyt (1972) .had reported no current record of the 
species for Kern County. However, Hoyt (1972) did not trap in Kern County. 
Hoyt (1972) did list records of a~ least four museum specimens of the squirrel 
from Kern County, but he did not give dates for collection of the specimens. 
A compilation of museum 'specimens by the Department listed at least 12 Mohave 
Ground Sguirr~ls collected in Kern County prior to March 1975. 

Elevations within the range of the Mohave Ground Squirrel exceed 6000 feet in 
the north. E. Wessman trapped a squirrel at 4900 feet in Bird Spring Canyon 
in Kern County in March 1975. Leitner ,and Leitner (1989, 1990, 1992) and 
Leitner et al. (i991) captured the species at 4840 feet and 4920 feet in Inyo 
County. Hafner (1992) noted that the Mohave Ground Squirrel has been found at 
152~meters (5000 feet) near Walker Pass, at the northwestern edge of its 
range. 'wessman (1.977) stated that the species had been found in "rich Joshua, 
tree and monotypic blackbrush (Coleogyne ramosissima) habitats at ele~ations 
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over 5000 feet .... " Aardahl and Roush (l985) provided five records from 5000 
feet near Little Lake in Inyo County £or BLM work in June 1979. Michael 
Brandman Associates, Inc. (l988) reported the observation of a Mohave Ground 
Squirrel along the road to Straw Peak in the China Lake Naval Weapons Center 
at an elevation of approximately 5520 feet. Based on that record, the 
squirrel is considered'to exist at elevations up to at least 5600 feet. 

The Mohave Ground Squirrel appears to have been confined to the western Mojave 
Desert generally west of the Mojave River, although it was found east of the 
river in the victorville area at least as far as Rabbit Springs in Lucerne 
Valley. What factors influence this distribution? On the southern and 
western edges of the range are the £oothills of the San Bernardino, San 
Gabriel, Tehachapi, and Sierra Nevada mountain ranges. The species does not 
seem to be found in the foothills in the south. M. Recht (pers. commun.) 
stated that, al·though desert plant communities continue up the slopes, the 
squirrel seems to be limited to the desert .floor and alluvial .fans at the base 
of the hills. His experience with the squirrel in Los Angeles County suggests 
that, at the edge of the range, the species is found a mile to a mile and a 
half away from the hills at sites in which the soil may be more suitable for 
digging. However, he speculated that elevation may be the controlling factor 
limiting the range in the south as it influences temperature and rainfall. 

Temperature is critical to.the survival of the squirrel inasmuch as it affects 
the conditions.in the estivation burrow. At some level of increasing 
elevation, determined locally, overwinter air temperatures and associated soil 
temperatures would be low enough to inhibit the Mohave Ground Squirrel's 
ability to maintain its body temperature at a survival leve~. Rainfall is 
critical to the s~rvival of the squirrel to the extent that it affects the 
quantity and quality of vegetation as food for the species. At some level of 
increasing rainfall, . determined locally, plants important to the squirrel may 
not be able to survive in the abundance necessary to sUPPQrt a reproducing 
population of squirrels. 

Further north, in Kern County, the BLM found the squirrel well into the Sierra 
Nevada foothills at. elevations up to -4900 feet. At Walker Pass, Mojave Desert 
vegetation. extends westward out of the Desert itself into the Kern River 
drainage on Canebrake Creek. However, no Mohave Ground Squirrels have been 
found west of Walker Pass. In the Sierra foothills, elevation and its 
influence on temperature and rainfall may ultimately dt?termine the limit of 
the squirrel's .distribution .. On the northern edge of the sqUirrel's range in 
the vicinity of Olancha, there is not a dramatic increase in elevation as the 
vegetative communities continue to the north but the range of the squirrel 
ends. M. Recht' (pers. commun.) speculated ·that the Mojave Desert bhere may 
experience a rainfall pattern which is dif.ferent from that to the immediate 
south as the rainshadow of the Sierra Nevada changes. Winter temperatures may 
become colder in the Olancha area. M. Recht (pers. commun.) also pointed out 
that the water table of the Owens Valley has been lowered over the past half­
century .by pumping for the city of Los Angeles, which may have affected the 
original range of the squirrel by changing the plant communities in subtle 
ways. Perhaps not coincidentally, the·northern extent of the geographic range 
of the Joshua Tree along the base of the Sierra Nevada also .is near Olancha .. 

In the northeastern part of its range, the squirrel may be limited by subtle 
or large changes in habitat due to rainfall and/or topographical barriers 'such 
as 'mountain ranges, major washes, dune systems, and dry lakes. On the eastern 

57 



edge of the range, in the vicinity of the Mojave River, there has been 
speculation that distribution of the M9have Ground Squirrel may be limited by 
greater competitive abilities of the Round-tailed Ground Squirrel. There is 
little evidence for accepting this idea. As is discussed in the sections of 
this status review on Field Studies by the Department and on Life History­
Taxonomy, the geographic,ranges of the two species abut but do not overlap 
along a broad front of approximately 240 kilometers in length from Fort Irwin 
south to the victorville area. There may be some interbreeding near 
Helendale, but it is likely that Helendale is one of only several isolated 
cases caused by the breakdown of ecological and behavioral barriers that 
normally would keep these species from interbreeding. 

The question of competition between the two species was addressed by Hafner 
(l992)., who believed that it was unlikely that populations of both species 
would become established in Uie same locality and thus become competitive. He 
stated that two factors probably function together to limit the opportunities 
for populations of both species to co-occur. These factors are low vagility 
(the capacity or tendency to become widely dispersed) on the part of both 
species and the incorporation of rare ,migrants of ,one species into the gene 
pool of the other. Hafner's (l992) belief was that the zone of range abutment 
between the Mohave Ground,Squirrel and the Round-tailed Ground Squirrel 'may 
simply represent a neutral (non-competitive) zone of secondary contact 
following a period of thousands of years in which two populations of a single 
species of desert ground squirrel were physically isolated and became 
differentiated from one another through adaptation t'o different habitats. 
When the'isolciting mechanism no longer existed, the now two separate species 
began to extend their separate distributioris into suitable habitat elsewhere. 
Low vagility meant that geographic range extensions occurred at a rate of an 
average five meters per year (Hafner 1992). As the ranges began to grow 
closer, occasionally an individual 'of one species came into contact with a 
population of the other species and interbreeding occurred. However, the 
offspring of such a mating 'would remain in the popul'ationand mate there; 
eventually, tl1e genetic' contribution of the original lone individual from the 
other species would be absorbed and not reflected in physical appearance, 
behavior, or genetic cbmponentof the population. 

"Appropriate habitat exists for each species far beyond their common 
distributional' boundary. The preference for gravelly soi'ls in S. rnobavensis 
and for sandy soils,in S. tereticandus ... is apparent at sympatric sites [where 
both species are found] such'as Coyote Dry Lake .... However, both soil types 
are found throughout the Mojave Desert. Similarly, there are no differences 
in potential natural vegetation ... , temperature, or moisture gradients ... that' 
correspond even broadly with the [common] boundary. If this boundary 
represents some environmental limit for both species, the underlying basis is 
unknown" (Hafner 1992) . 

The isolating mechanism which separated the two populations of a single 
species of ground squirrel which differentiated into two species was believed 
by Hafner (l992) to be the Pleistocene-period network of lakes and .rivers in 
the Mojave Desert area. This network is known to have continuously existed in 
the rainy period of 25,QOO to lO,OOO years ago. At the end of 'the rainy 
period, the lakes began to dry until complete desiccation occurred 6000 years 
ago. Hafner (l992) pointed out that the current zone of parapatry (the 
contiguous but not overlapping geographic ranges of the two species) is never 
beyond 9.6 miles"(30 kilometers) 'from the old network of lakes and rivers. In 
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the 6000 years since the network completely dried, the ranges of the two 
species have gradually come together. Each species is moving into habitat 
suitable for itself but not the other. Some areas such as around Coyote Dry 
Lake seem to contain habitat for both squirrels. The Coyote Dry Lake area is 
not disturbed for agriculture, as is the Helendale site; Hafner (1.992) stated 
that a detailed analysis of populations of both species in contact at an 
undisturbed site was necessary to better understand the genetic and ecological 
interactions of the two species. 

The concept of a network of lakes and rivers as an isolating mechanism also 
may help explain the limitation of the Mohave Ground Squirrel's northern 
distribution at or .near Olancha, The Pleistocene Lake Owens at its highest 
level may have precluded expansion of the squirrel to the north. As the lake 
level receded, the squirrel's low vagility may have meant that expansion of 
the range to the north has been very slow. To the east, in the vicinity· of 
the present China Lake Naval Air Weapons Center and Panamint Valley, other 
large lakes existed at the north-northeastern edge of what is now the current 
range. 

Hafner (1992) wrote that the inherently low vagility o.f both the Mohave Ground 
Squirrel and the Round-tailed Ground Squirrel "may result from limited annual' 
aboveground activity. This activity is limited to only 3-4 months, as they 
estivate to escape both the heat of summer and harshness of winter from.August 
to March .... During this.brief period of activity, attention is focused on 
reproduction and fat storage prior to estivation, perhaps physiologically 
precluding long-range dispersal". In other words, the energy and reproductive 
needs of individuals of each species limit their activities to a local area, 
and even short-distance movements .for purposes other than meeting these needs 
may not be made. 

Grinnell and D{xon (1.918), Wessman (1977), and other workers have noted that 
the Mohave Ground Squirrel is not continuously distributed within its range, 
even in apparently suitable habitat. Although Hafner (1.992) did not address 
the topic of patchy distribution of the squirrel in the context of vagility, 
it appears this species' low vagility may help explain that distribution. If 
a population becomes extirpated (locally extinct) and the habitat remains 
suitable, then it may take many years for the species to reestablish itself in 
that area. D. F .. Hafner has written to the Department (his letter is in 
Appendix E) that i'f "migration is .indeed [as low as an average five meters per 
year, as he has proposed], then extirpation of a colony could require many 
years before recolonization, underscoring the spotty and uneven distribution 
of colonies within the available range." 

The Department has considered the distribution of the Mohave Ground Squi~rel 
to be as generally illustrated on the map in the 1980 biennial report on 
State-listed species. (CDFG1980) '. As discussed ·above in this section, that 
distribution included the western extent of the Antelope Valley, even though 
the native vegetation largely has been removed £rom the area, .and included the 
Victorville-to-Lucerne Valley area, even though Wessmann (1..977) found no 
Mohave Ground Squirrels in that area. The BLM also has accepted the 1980 
depiction as representing the geographic range of the species. In 
participating in the preparation of the West Mojave Coordinated Management 
Plan (see the section of this status review under that title), the Department 
attempted in 1.992 to compile all known records of occurrence of the Mohave 
Ground Squirrel. A new geographic range boundary was developed by drawing a 
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line around the known occurrences portrayed on a map and fitting the line 
topographically to include native vegetation-types used by the species in the 
region of known occurrences and to exclude mountain'range~ on the periphery of 
the range. An area excluded·from the revised geographic range (see Figure) 
was the portion of Antelope Valley west of Palmdale and Lancaster. This 
exclusion was due to the lack of known occurrences of the squirrel and to the 
fact that much native vegetation has been lost to agriculture and urban 
development. An area retained in the revised range was Victorville-to-Lucerne 
Valley, although there is uncertainty about the status of the species there. 
The revised geographic range was presented to the Department's Mohave Ground 
Squirrel Working Group in August 1992. The group recommended that the new 
boundary line be adopted as portraying the current knowledge of the 
distribution of the Mohave Ground Squirrel. The new boundary. line drawn east 
of the towns of Rosamond and Mojave to reflect. the. lack of recent records 
around and west of those towns was not without controversy', because native 
vegetation still exists in those areas and thus still provides habitat for the 
Mohave Ground Squirrel. 

In redrawing the geographic range to exclude the western portion of the 
Antelope Valley, the Department was aware that the lack of records of 
occurrence did not mean that areas still in native vegetation provide no 
habitat for the squirrel or that the western portion of the Antelope Valley 
never was within the range·. Records of ocCUrrence are useful in contributing 
to the knowledge of distribution only 'to. the extent that they reflect where 
researchers have worked and reported their results. ' This situation probably 
is applicable to the Antelope Valley. Reports of the work of a number of 
biologists and trappers around Palmdale are available, but no workers have 
reported captures of the Mohave Ground Squirrel for the area west of Palmdale. 

The area within the new boundary line was calculated by the BLM's geographic 
information system to contain approximately 4,863,000 acres. Of this total, 
approximately l,800,OOO acres (36%') are private land. An additional l,692,OOO 
acres (34%') are·military lands. Almost all of the remainder is public land. 
The State of California, through the State Lands Commission, the Department, 
and other agencies, owns a relatively small portion (less than 2%). Of the 
public land, aboutl03,OOO acres are in designated off-highway vehicle areas 
operated by the BLM. 

It is important to note that not all of the 4,863,000 acres within the range 
'contain habitat for the squirrel. Dry lake beds contain ab,?utll5,OOO acres, 
agriculture occupies about 39,000 acres, urban areas cover approximately 
l65,OOO acres, and rural development covers about 2l5,OOO acres. Other 
surface disturbances such as off-highway vehicle areas and fallow fields cover 

not 
As 

an additional '209,000 acres. The acreage of paved and unpaved roads was 
calculated due to the difficulty of measuring that linear surface area. 
has been discussed in this subsection, it is known. that the squirrel is not 
continuously distributed in habitat across its range. It is considered to 
have a patchy distribution. 

The acreage figures for habitat loss discussed above do not by themselves 
portray the magnitude of the impact in the habitat of the Mohave Ground 
Squirrel. These direct losses of habitat have been cumulative in their effect 

. on the status of the squirrel through combination with the effects of 
fragmentation and degradation which accompany the actual loss. These causes 
have been magnified by the effect of'the drought in the Mojave Desert. The 
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result is, or may soon be, the large-scale absence of the species from a 
significant portion of its range in the south, from the Antelope Valley east 
to Lucerne Valley. The lack of current trapping records and observations in 
this area is evidence of .absence or very low population levels due to drought 
and loss and change in habitat, which may qualify the squirrel to be listed an 
Endangered species. 

The recent period of growth of urban areas in the Mojave Desert has largely 
corresponded to a period of drought which probably has caused the extirpation 
(local extinction) of Mohave Ground Squirrels in sites throughout the range. 

As is discussed in the section on Cumulative Human Impacts Evaluation Format, 
the Department has suspected the accuracy of reports on t·rapping results which 
indicated that no squirrels were present and concluded that the trapped areas 
were not habitat for the species. This is because the squirrel appears to 
react to prolonged drought conditions (low rainfall and reduced plant growth) 
by failing to reproduce. The remaining animals in the local area eventually 
die and the Mohave Ground Squirrel is no longer found in the habitat. (See 
the discussion in the Threats section of this status review.) However, the 
habitat does remain, and it is the habitat for the squirrel existing within 
the boundary of the squirrel's range that must be protected. Squirrel 
populations wi·ll become established and then extirpated across the range due 
to natural causes as they undoubtedly have in the past, but the species as a 
whole will persist and perhaps increase in numbers i£ habitat is protected in 
sufficient pattern, quantity, and quality. 

Abundance 

Two terms commonly are used by biologists to describe the size of animal or 
plant·populations. bne is the qualitative term "abundance", which describes 
h9W common a species is throughout the geographic range. The Mohave Ground 
Squirrel is in low abundance throughout its range. Relative abundance denotes 
a comparison between the abundance of one species and that of another. The 
relative abundance of the Mohave Ground Squirrel in relation to the ante·lope 
squirrel is low. The other term is the quantitative "density", which is 
expressed as number of a species over a given area (usually acres, hectares, 
square kilometers, or square miles). Density can be an index of abundance. 
Relative density denotes a comparison of densities between populations of a 
species or between populations of two or more species. In addition to 
describing abundance and calculating density, an actual population estimate 
can be made for a local area, using actual counting of plants or capturing, 
marking, and recapturing of animals. A population estimate can be an index of 
abundance. 

It is not practical to calculate the density or estimate the population of 
Mohave Ground Squirrels throughout its range at any point in time. A 
calculation or estimate would be based on a density or population derived from 
trapping results in one· or more local areas and then extrapolated to the 
entire geographic range. Eecause the squirrel is patchily distributed and is 
affected at least. locally by rainfall patterns, accurate extrapolation of 
local density and population figures to the entire range is not feasible. 

Even if it were practical to estimate range-wide density of the squirrel, the· 
resulting figure would not be meaningful in influencing conservation decisions 
for the species. The reason is that population numbers over time fluctuate 
widely in small mammals, probably including the Mohave Ground Squirrel, due to 
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environmental conditions. This natural cycling is to be expected, and 
therefore the number of Mohave Ground Squirrels existing at anyone time is 
not indicative of the degree of endangerment of the species. The true 
indicators of the status of the species are the quantity, pattern of 
distribution, and quality o.f habitat. 

The only existing popuiation data for the Mohave Ground Squirrel have been 
reported by Recht (1977) for an area near Saddleback Butte in Los Angeles 
County (in the southern portion of, the geographic range) and by Leitner and 
Leitner (1989, 1990) and Leitner et ai. (1991) for an area in the Coso Known 
Geothermal Resource Area in Inyo County (in the northern part of the range) . 
These workers found generally that the density of female squirrels in non­
drought years averaged about one per six acres of habitat. Using the general 
rule of population biologists that an average 1000 breeding females are 
required for sustaining a population of a species in, the long-term, the 
Department's working group for the squirrel calculated the minimum size of 
preserves which should be established to protect the squirrel. The 
calculation considered th~ fact that rodent populations can fluctuate by an 
order of magnitude (i.e. , ten-fold) on either side of the mean. In other 
words, a Mohave Ground Squirrel population could fall as low as ioo breeding 
females in poor-reproduction years and still sustain itself, as long as the 
habitat existed in good-reproduction years to allow the population to expand 
to 10,000 breeding females. This latter number of females would require 
60,000 acres of habitat at one female per six acres. (Evidently, home range 
size does not increase during poor years; there simply are £ewer animals per 
acre - P. Leitner pers. commun.) Thus, the. minimum preserve size should' be 
60,000 acres. 

This calculation is being applied in the development of the West Mojave 
Coordinated Management Plan to the design of management zones~ Theoretically, 
several zones of at least 60,000 acres each should be established throughout 
the geographic range of the Mohave Ground Squirrel. Each zone may need to be 
larger than 60,000 acres to ensure that at least that amount of suitable 
habitat is included; dry lake beds and extensive areas of rock outcrop within 
a habitat zone would not be suitable. Other factors such as the plant 
community-types present will influence the configuration and location of 
habitat zones. 

Determination of ,relative, densities of the Mohave Ground Squirrel is a useful 
tool in comparing the value to the species of several habitats. It is 
important to know which habitats are preferred by the squirrel, as shown by 
relative densities determined through live-trapping. (See recommendation for 
field studies in Recovery and Manag~ment Actions section of this status 
review. ) 

various observations of abundance and estimates of local density have been 
made for the Mohave Ground Squirrel. Burt.,. (1.936) wrote that, in the spring 
before young were evident, the Mohave Ground Squirrel was "not at all numerous 
in the vicinity of Palmdale. I ·never saw more than 3 or 4 to the mile, and 
often nc;mefor2 or 3 miles. ,:I estimated roughly' the number to comprise 
between 15 'and,20 individuals per square mile, although'I feel that this 
figure is rather high. They 'were distinctly less numerous than either [the 
California Ground Squirrel] or [the antelope squirrel], both of which were 
foUnd in ·the same territory. As far as I could learn there had been no 
poisoning activities in this particular locality for some time. These 
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squirrels apparently do not live in close colonies, but are well scattered 
over the area where they occur. During the mating season two squirrels may be 
found close together, but I never saw more than this number within a radius of 
one-quarter mile. II 

Recht (1.989) captured 1.9 Mohave Ground Squirrels and 846 antelope squirrels in 
20,000 trap-days in 1.988 and 1.989. The abundance of antelope squirrels was 
dramatically higher than that of the Mohave Ground Squirrel. zembal et al 
(1.979) and Leitner (1.980) also found that. the Mohave Ground Squirrel was less 
abundant than the antelope squirrel in their studies. A~rdahl and Roush 
(1985) concluded that mean relative densities of the Mohave Ground Squirrel 
and the antelope squirrel on their study sites were IIsimilar ll , based on a key 
assumption that the two species were initially captured at equal rates. 
Numbers of initial captures were not provided by these authors, so an 
independent calculation of population size of either species cannot 'be made. 
However, the fact that many more Mohave Ground Squirrels were recaptured 
(captured more than once after being marked the first time) indicates that the 
antelope squirrel population actually was larger over the grouped study s'ites. 

Leitner and Leitner (1.989, 1.990) and Leitner et al. (1991.) found the antelope 
squirrel to be considerably more abundant than the Mohave Ground Squirrel on 
three of four study sites in 1.988 and on all sites in 2989 and 1.990, using the 
total number of' individuals captured as the basis for this findi:pg. The 
dens'ity of animals on each study site also was calculated. The density of 
resident Mohave Ground Squirrels and antelope squirrels, respectively in 
number per he'ctare in 1.988 were as follows: 0.44 and 0.68 on site 1., 0.52 and 
0.64 on site 2,1.32 and 0.88 on site 3, and 0.36 and 0.60 on site 4 (Leitner 
and Leitner 1.989). In 1989 the densities were as follows: 0.00 and 0.76 on 
site i, 0.04 and 0.08 on site 2,' 0.08 and ,1..08 on site 3, and 0.00 and 0.80 on 
site 4 . (Leitner and Leitner 1990). No animals of either, species were captured 
on site 1. in 2990, but densities were calculated for the other sites as 
follows: 0.08 and 0.20 on site 2, 0.28 and 0.22 on site 3; and 0.1.2 and 0.16 
on s,ite 4 (Leitner et al. 2992). 

Population estimates were made for the four study ~itesin 1.988, using a 
method which assumed that a closed population (no gains or ,losses during the 
period of measurement) was being measured. The estimates for the actual 
numbers of Mohave Ground Squirrel and antelope squirrel were as follows: 20 
and 38 on site 2, 29 anp 29 on site 2, 47 and 46 on site 3, and 24 and 44 on 
site 4 (Leitner and Leitrier2989). Results were similar in 2989 using a 
method which allowed for the movement of animals. Too few Mohave Ground 
squirreis were captured in 1989 to derive estimates (Leitner and Leitner 
1990). In 2990 on site 3, estimates of the number of Mohave Ground Squirrels 
using three different methods were 1.9, 21.; and 21.,' in the March-April period 
(Leitner et al. 1991.). 

ESSENTIAL HABITAT 

Merriam (2889) was the first to provide a statement about the habitat of the 
Mohave 'Ground Squirrel. It was non-specific, as follows: liSa far as is, known 
[Spermophilus mohavensis] is confined to the arid desert in which the Mojave 
River sinks. II, Burt (293'6) provided some details of the habitat, as follows: 
IIIn its more or less restricted range the Mohave ground squirrel usually is 
found in the lower desert, but penetrates the Joshua tree belt in certain 
places. Its preferred habitat in ,this part of the range seems to be where the 
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soil is sandy or of sand mixed with gravel, with a rather sparse growth of 
sage brush. Near the town of Palmdale, where these squirrels were seen,· the 
general topography is fairly level, with a few ravines of just suf£icient 
depth for drainage. The soil .is o£ sand mixed with coarse gravel and is 
fairly easy to excavate. The area is covered with sage brush and other small 
bushes, but is fairly open. The small bushes are 20 or 30 feet apart and not 
more than 2 feet in height. I never saw the squirrels in the foothills." 

Ingles (1965) described the habitat.o£ the Mohave Ground Squirrel as "[s]andy 
desert floor in the Alkali Sink and Creosote Bush Scrub of the Lower Sonoran 
Life Zone in the Mojave Desert .... " Life zones are an ecological concept 
developed by C.· H. Merriam nearly a century ago (Ingles ·1965). A life zone is 
an area characterized by distinct physical co·ndi tions, determined largeJ:y by 
temperatures, and populated by communities of .certain kinds of plants and 
animals. The Lower Sonoran Life Zone occupies the lower altitudes in 
California, such as in the San Joaquin Valley, Mojave Desert, and Colorado 
Desert. ·The life-zone concept has been replaced in ecological thinking by the 
concept of plant communities as representative ec.ological types. 

Alkali Sink is a plant community described by Munz and Keck (i959) as 
occurring on "[p]oorly drained alkaline flats and playas in floor of Great 
Central Valley and of arid regions east of the Sierra Nevada, and in such 
sinks as Panamint and Death valleys, mostly at less than 4000 feet elevation. 
Average rainfall 1.5 to 7 inches; frost-free days 200 to 335; highly ';"'ariable 
seasonal and diurnal temperatures, mean summer maxima 106°-116°[F], mean 
winter minima 28°-37°F. .Low scattered gray or fleshy halophytes [plants of 
salty or alkaline soils] where there is poor or no drainage, as about dry 
lakes; under this community are grouped several associations that are perhaps. 
more distinct and cover larger areas in the deserts of Nevada and Utah .. " 

Holland (1986) described ·several community-types which subdivide the Alkali 
Sink of.Munz and Keck (1959). These types were Desert Saltbush Scrub, Desert 
Sink Scrub, and Desert Greasewood Scrub. The Desert Saltbush Scrub has been 
described as containing usually low, grayish, microphyllous [small leaves] 
shrubs, 0.3-1 m tall, with some succulent species. The total ground cover 
often is low, with much bare ground between the widely spaced shrubs. Stands 
typically are strongly dominated by a single Atriplex species. Desert 
Saltbush Scrub typically grows on fine textured, poorly drained soil·s· with 
high alkalinity and/or salinity,usually surrounding playas on slightly higher 
ground; thus, this type is somewhat drier than the adjacent Desert Sink Scrub 
(Holland 1986) . The community is widely scattered on margins of dry lake 
beds (Holland 1986) . 

The Desert Sink Scrub is.similar to Desert Saltbush Scrub, but plants often 
are more widely spaced and most are· succulent shrubs or herbs. This community 
grows on poorly drained soils with extremely high alkalinity and/or salt 
content, and often with a high water table and with salt crust at the surface. 
The community is found in moist valley bottoms and lake beds and nearby areas, 
usually below about 4000 feet (Holland ~986) . 

The D.esert Greasewood Scrub also. is similar to Desert Saltbush Scrub, but the 
plants are more widely scattered, most species are succulent, and the 
diversity of plant-species is lower. This community grows on heavy, fine­
textured, poorly drained soils with a nigh osmotic potential and often with a 
high water table and a salty soil-surface crust. The community is ·found on 
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valley bottoms and'dry lake beds, scattered widely through the Mojave Desert 
(Holland ~986) . 

The Saltbush Scrub of Vasek and Barbour (l988) is equivalent to'theAlkali 
Sink of Munz and Keck (l959). "This vegetation usually occurs in basins and 
valleys throughout the Mojave Desert region but sometimes is found on slopes 
(e. g., west of Inyokern ... ) . ... Extensive stands of Atriplex confertifolia 
[Shadscale - a saltbush] occur with A. polycarpa [Allscale - a saltbush] and 
other species on the open rolling'terrain south and west of Fremont Peak and 
toward Kramer Junction" (Vasek and Barbour 1988) . 

Creosote Bush Scrub is a plant community described by Munz and Keck (l959) as 
occurring on "[w]ell-drained soils of slopes, fans, and valleys, usually below 
3500 feet, in deserts from southern end of Owens Valley to Mexico. Average 
rainfall mostly 2 to 8 inches, some as summer showers; frost-free days l80 to 
345; highly variable seasonal and diurnal temperatures, mean summer maxima 
lOOO-lOOO [F], means [sic] winter minima 30°-42°F. Shrubs 2 to lO .feet tall, 
widely spaced, ,largely dormant between rainy periods." 

Holland (l986) described the Mojave Creosote Bush Scrub community as having 
"[s]hrubs, 0.5-3 m tall, widely spaced, usually with bare ground between. 
Grow:th occurs during spring (or rarely in summer or fall) ff rainfall i~ 
sufficient. Growth is 'prevented by cold in winter and limited by drought at 
other seasons. Many species 'of ephemeral herbs mayflower in ,late March and 
April if the winter rains are sufficient. Other, less numerous species of' 
annuals appear following summer thundershowers. This is the basic creosote 
scrub of the Mojave Desert, dominated by Larrea tridentata and Ambrosia 
dumosa." This community typically grows on "[w]ell-drained secondary soils 
with very low available ,water holding capacity on slopes, fans, and valleys 
rather than upland sites with thin residual soils or sites with high soil 
salinity. Winter temperatures .often below freezing,. Intergrades at higher 
elevations with Shadscale Scrub ... or Joshua Tree Woodland; at lower elevations 
or more osmotic sites with :Qesert Chenopod Scrub ... " (Holland 1986). The 
Creosote Bush Scrub of Vasek and Barbour (l988) "occurs on well-drained sandy 
flats; bajadas, and upland slopes .... " 

Hoyt (l972) found that all Mohave, Ground Squirrels 'which he captured "were 
located within or immediately adjacent to Creosote Scrub. With the exception 
of areas immediately associated with dry lake beds, this plant community is. 
nearly ubiquitous in the 'Mohave Desert'; but, it shows considerable variability 
in lts composition and densi~y. The localities where the Mohave ground 
squirrels were trapped represented the same range in composition and density 
of the Creosote Scrub Community as the Western Mohave Desert as a whole.' It 
is not possible, therefore, to specify any distinctive habitat requirements 
other than the moderately variable Creosote Scrub." At 'one of his 'trapping 
sites (this one in San Bernardino County) ,'Hoyt (l972) found that the plant 
community included Creosote Bush, ,Joshua Tree, Atriplex canescens (a 
saltbush), and Hymenoclea sal sola (a shrub) . 

Wessman (l,977) had three general study areas (all in San Bernardino County) in 
his live-trapping for the Mohave Ground Squirrel. One was an area from the 
,Superior Valley to the Avawatz Mountains which had broad flat valleys above 
3000 ft in elevation. "Valleys are dominated by diverse creosote and 
shadscale scrub co~munities. The dominant plant species are creosote (Larrea 
tridentata) , burrobush (Ambro;'ia dumosa) , shadscale (Atriplex confertifolia),' 
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winterfat (Eurotia ~anata), hop sage (Grayia spinosa), Nevada Mormon-tea 
(Ephedra nevadensis) , and two perennial grasses, Indian rice grass (Oryzopsis 
hymenoides) and galleta grass (Hilaria rigida). Joshua tree (Yucca 
brevifolia) occurs in the Superior Valley region, but gradually disappears to 
the east in the Fort Irwin Military Reservation. A number of dry lakes occur 
here in the form of small playas, all of which have some aeolian sand deposits 
associated with them. Elsewhere, soils tend to be gravelly to rocky. Desert 
pavement is common in some areas, particularly near the Avawatz Mountains". 
(Wessman 1977). Mohave Ground Squirrels were found at 15 of 27 sites in this 
study area. Habitat types at these sites ranged from high-diversity creosote 
Bush Scruh and Shadscale Scrub to low-elevation Creosote Bush on wind-blown 
sand and Creosote-Burrobush. Elevations ranged from 2030-3800 ft. Creosote 
Bush and Burrobush were the predominate plants at most sties. 

The Shadscale Scrub community occurs in "heavy soil, often with underlying 
hardpan, of mesas and flats at 3000 to 6000 feet, about the Mojave Desert, 
Owens Valley, etc. Average rainfall 3 to 7 inches; growing season limited by 
water; frost-free days 150 to 250; temperatures similar to those 'in Joshua 
Tr,ee Woodland. Plants largely 1 to J.. 5 feet tall, shallow-rooted, and 
covering large monotonous areas between Creosote Bush Scrub and Joshua Tree 
Woodland" (Munz and Keck J.959) . 

The Shadscale Scrub of Hol,la:q.d (1986) has "[1] ow, intricately branched, often 
spiny shrubs, 0.3-0.6 m tall, usually well-spaced with bare ground between 
dominant Atriplex confertifolia and Artemisia spinescens. Growth, flowering, 
and dormancy sequence similar to Blackbush Scrub ... , but usually a little 
earlier because of slightly higher temperature's and/or greater aridity" 
(Holland J.986). This community grows ,"[o]ften on poorly-drained flats with 
heavy, somewhat alkaline soil, adjacent to Desert Chenopod Scrub .... Also on 
well-drained slopes at higher elevations, intergrading at its upper limits 
with Blackbush Scrub ... , Great Basin Sagebrush Scrub ... or ,Joshua Tree 
Woodland .... May occur above Creosote Bush Scrub ... on well-drained slopes or 
below it in poorly-drained basins with cold air accumulation" (Holland 1986) . 
The Shadscale Scrub of Vasek and Barbour (1988) is "a community of low, more 
or less spinescent, microphyllous shrubs' of uniform physiognomy [aspect and 

. character of the community] .... " 

Another study area of Wessman (1977) was in the Mojave River Valley between 
Coyote Dry Lake in the north to Victorville in the south. "Between ,Coyote Dry 
Lake Valley and Helendale the [river] wash is wide and sandy, with dune[s] and 
blowsand common around the south end of Coyote Dry Lake, Barstow, and Lenwood. 
Vegetation in this 'area is mostly creosote, burrobush, and honey mesquite 
(Prosopsis glandulosa). Near Helendale, the character of the wash changes. 
Soils remain sandy and fine, but riparian vegetation in the form of cottonwood 
(Populus fremontii) , willow (Salix sp.), arroweed (Pluchia sericea), and four­
wfng saltbush (Atriplex canescens) becomes the dominant feature, stabilizing­
the soils. Water flows in the river here part of the year. - The riparian 
habitat is continuous between Helendale and Victorville. Agriculture 
dominates much of the Mojave River Valley. Alfalfa and wheatgrass fields are 
common at the south end of Coyote. Dry Lake and between Barstow and 
Victorville. Barstow (pop.' 18,000), is the main population center in the 
area, with resultant urban development. The small towns of Yermo, Lenwood, 
Helendale, Silver Lakes, and Oro Grande are stretched along the river at 
intervals of five to ten miles ... " (Wessman J.977).' Mohave Ground Squirrels 
were found at'two of l2 sites. The habitat at one site was high diversity 
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Creosote Bush Scrub, ~nd at the other site was Creosote-Burrobush. The 
elevation at both sites was 2500 It. The sites were adjacent to alfalfa 
fields. 

Wessman' s ('~977) .third study area was in the Apple and Lucerne valleys. "This 
area includes l.ands between Victorville and Lucerne Dry Lake. . .. Large, flat 
valleys at elevations from 2,800 to 3,500 feet predominate, with rocky 
mountain ranges dividing the valleys. Soils in the valleys are gravelly. 
Aeolian sand deposits ring Lucerne Dry Lake and generally dominate Lucerne 
Valley, which forms the eastern boundary of the survey area. The desert side 
of the San Bernardino Mountains formEs] the steep southern boundary, while the 
Ord and Stoddard Mountains rise along the northern boundary... .. The dominant 
plant species include Joshua tree, creosote, Mormon tea (Ephedra sp.), hop 
sage, Indian rice grass, galleta grass, and desert needle gra·ss (Stipa 
speciosa); The cities of Victorville, Hesperia, Apple Valley, and Lucerne 
Valley are interspersed throughout the region; Victorville is the largest with 
a population of 15,000 .... Many housing tracts are spread throughout the 
area, and some agriculture in the form of alfalfa fields is present, 
particularly around Lucerne Dry Lake and Hesperia" (Wessman ~977): Mohave 
Ground Squirrels were found at two of 12 sites. The habitat at one site was 
Creosote Bush-Burrobush with a few Joshua Trees. The other site was a high­
diversity Creosote Bush community. Elevations were 2840 and 3180 ft., 
respectively .. Soils at both sites were of a gravelly-sandy type. 

Recht (1977) did not define the vegetation of his study near Lancaster as 
belonging to a specific community-type, but wrote that the "vegetation is 
composed of scattered creosote bushes (Larrea divaricata [= L. tridentata]) 
Joshua trees (Yucca brevifolia), and the annuals typical of the Mohave [sic] 
Desert." As has been shown in the section of this status review on food 
habits, foraging, and home.range"Mohave Ground Squirrels on Recht's study 
area selected Lycium sp., Coreopsis sp. , Amsinckia sp., and Salsola sp.· Other 
plants present on the study area were Ambrosia sp. (ragweed, a perennial) , 
Atriplex sp., Eriogonum sp. (wild buckwheat, a shrub), Malacothrix sp. (annual 
forb), and Stephanorneria sp. (annual or perennial forb). These species may be 
found in either the Creosote Bush Scrub or Joshua Tree Woodland of Munz and 
Keck (1959) or· in the Mojave Creosote Bush Scrub or Joshua Tree Woodland of 
Holland (198.6). 

The Joshua Tree Woodland of Munz and Keck (~959) is a plant community 
occurring on," [w] ell-drained me'sas .and slopes 2500 to 4000 feet or higher, 
from southern Owens Valley to Little san Bernardino Mountains and southern 
Nevada and Utah. Average rainfall about 6 to 15 inches, with summer. showers; 
growing season on the deserts limited by water rather than by temperature; 
frost-free days 200 to 250; mean summer maximum temperatures 95°-100 0 [F], mean 
winter minima 22°-32°F. Trees 10 to 30 ,feet high, scattered, with shrubs and· 
herbs between." 

The Joshua Tree Woodland of Holland (~986)· is "[a]n open woodland with Yucca 
brevifolia usually as the only arborescent species (to l2m high) and numerous 
shrub species between ~ and 4 m tall. Little or no herbaceous understory 
during most of the year. The dominant species display a diversity of life 
forms: . sclerophyllous evergreen trees. and shrubs (Yucca spp.), microphyllous 
evergreen shrubs (Juniperus spp.), semideciduous shrubs (Eriogonum, 

. Te tra'dymi a) , semisucculents (Lycium spp.),· and succulents (Opuntia sp.). The 
main growing season is spring, with most growth limited by cold in winter and 
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[d]rought in summer and fall. Many species of ephemeral herbs may germinate 
"following sufficient late fall or winter rains and flower in mid-spring." 
This community typically grows "on sandy, loamy, or gravelly, well-drained 
gentle alluvial slopes. Transitional climatologically and biologically 

,between low and high elevation desert regions. Intergrades at lower 
elevations with Mojave Creosote Bush Scrub ... (poorer soil drainage, colder 
winters from cold air drainage). At higher elevations,intergrades with 
Mojavean Pinyon-Juniper Woodland ... (cooler and moister, but better drained)" 
(Holland 1986) . 

The Joshua Tree Woodland of Vasek and Barbour (l988) "is a desert scrub 
vegetation consisting'ofa Joshua tree overstory (Yucca brevifolia) and an 
understory of various shrubs and perennial herbs. The Joshua tree is an 
extremely conspicuous plant and therefore lends a unique appearance to any 
vegetation in which 'it occurs. Limited to the Mojave Desert, it occurs at 
elevations ranging between the creosote bush scrub and pinon and juniper 
woodlands." Also, "[r]elative to other desert vegetation Joshua tree woodland 
occurs in the same elevational ,zones as blackbush scrub and shadscale scrub. 
But the Joshua tree woodland usually occurs on loose soils' and gentle 
substrates .. , whereas blackbush scrub and shadscale scrub are often found on 
heavy or rocky soils. Nevertheless" some Of the same species occur in' the 
three communities. Gradations occur toward creosote bush scrub at low 
elevations, where Yucca brevifolia may be in codominance with Larrea 
tridentata [Creosote Bush] . 

zembal et al. (1979) conducted their studies in Creosote Bush Scrub and 
Shadscale Scrub in the Coso Hot Springs Area of Inyo County. They found 
Mohav~ GroUnd Squirrels in Saltbush Scrub, Creosote Bush Scrub, and Desert 
Shrub plant nformations." These authors considered "Saltbush Scrub" to be a 
plant association dominated by Artemisia spinescens (Bud Sagebrush), Atriplex 
confertifolia, and Hyrnenoclea salsoia or by Atriplex canesens and Hyrnenoclea ' 
salsola. These species are characteristic of the, Shadscale Scrub of Munz and 
Keck (l959) and of Vasek and Barbour (l988). 

The "Desert Shrub" association of Zembal' et al. (1979) was one in which co­
dominants included Haplopappus coo peri (Cooper Goldenbush), Hymenoclea, 
salsola, Salazaria mexicana (Bladder-sage), Eriogonum fasciculatum polifolium 
(Cali£orniaBuckwheat), G:r::ayia spinosa, Ephedra nevadensis ,( "Nevada Joint 
Fir") ,and Lycium andersonii. Some of these perennials are characteristic of 
Creosote Bush Scrub and of the Blackbush Scrub of Holland (l986). However" 
Henrickson (1980) named this association in the Coso area "Mixed Desert Scrub" 
and described it as ."a broad mosaic of species that are more tolerant of 'low 
mean winter temperatures than is Larrea" and that occur at a higher elevation 
than Creosote Bush Scrub. Neither Larrea nor Coleogyne ramosissima 
(Blackbush) are present, so the association cannot be included as part of 
Creosote Bush Scrub or--Blackbush Scrub, communities-, . according· to, -Henrickson 
(l980). ·Munz and Keck (1959) did not name this asso.ciation. This may be the 
Mojave Mixed woody Scrub described by Holland (J.986) as a: "complex scrub, open 
enough to be passable," usua).ly characterized by Joshua Tree, California 
Buckwheat, and a bladderpod; which occurs on "[v]ery shallow, overly-drained, 
oftenrolliing to steep soils, usually derived from granitic parent materials. 
These sites have extremely low water holding capacity, mild alkalinity, and 
are not very saline." The communit;;y intergrades on deeper soils (with higher 
water holding capacity) or at cooler elevations with Blackbrush Scrub and 
various Great Basin Scrubs or pinyon woodlands and at warmer elevations with 
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Creosote·Bush Scrub. The community typically occurs at elevations between 
2000 and 5000 feet (Holland 1986). Vasek and Barbour (l988) also did not 
apply a name, but described it as a "vege·tation of low dark shrubs [which] 
bear a physiognomical resemblance to the blackbush community and therefore is 
considered a phase. of blackbush scrub,· even though Coleogyne may be absent." 
Mohave Ground Squirrels were found "mostly in the low-lying ·flats and valleys, 
areas with a minimum degree of rockiness" in all of the three plant 
associations (zembal et al. 1979). An "exception was an individual observed 
in a ·Joshua tree, located on a little flat that was isola'ted by steep relief 
on all sides .... " As reported earl:ier in this status review, all Mohave 
Ground Squirrel burrows found by Zembal et al. were in "non-rocky situations." 
Perennial plant cover in habitats occupied .by Mohave Ground Squirrels varied 
from lO. to 19%. 

Leitner (l980) conducted live-trapping for Mohave Ground Squirrels at eight 
sites 'in Creosot'e Bush Scrub (3 sites), Saltbush Scrub (3 sites), and Joshua 
Tree Woodland (2 sites) at the Coso Geothermal Study Area in Inyo County. 
Squirrels were captured at all sites except one in Saltbush Scrub. Leitner 
(l980) did not see or capture any squirrels in steep or rocky habitats. He 
concluded that Mohave Ground Squirrels occurred in almost all habitats in the 
geo~hermal study area and Freferred relatively level terrain. 

Aardahl . and Roush (l985) found Mohave Ground Squirrels in the following plant 
communities: Creosote Bush Scrub, Joshua Tree Woodland, Mohave Saltbush, and 
Creosote Bush Scrub - Mojave Saltbush. The "Mojave Saltbush" community-type 
was not defined by these authors.. Predominate plants at' four. study sites in 
this type were Atriplex .sp., with Ambrosia dumosa a prominent' species at one 
site and .1icamptopappus·sphaeocephalus (Goldenhead, a shrub) prominent at 
another. "Mojave Saltbush" may be synonymous with, or a part of, the 
Shadscale Scrub community of Munz and Keck (l959). It also may be synonymous 
with the Shadscale Scrub community of'Holland (l986). 

Aardahland Roush (l985) determined that desert pavement'as a physical feature 
of .habitat lessened the abundance of Mohave Ground Squirrels. These authors 
concluded that "availability of annual grasses and forbs is likely an 
important factor in reproduction and ultimately population stability in· the 
Mohave and antelope squirrels." They reported that their lowest live­
capturing rate for Mohave Ground Squirrels, in the four community-types in 
which they' worked, was on·two of four sites in Joshua Tree.Woodland. They 
concluded that n[l]arge alluvial-filled valleys·with deeper fine to medium 
textured soils, absence of' rocks (desert pavement) and vegetation classified 
as Creosote Bush Scrub, Shadscale Scrub, and Alkali Sink appear to be the best 
habitat for both the antelope and Mohave ground squirrels. Within these 
areas, reproduction and survival rates are likely dependent on the 
availability·of annual grasses and forbs. Rainfall naturally affects these 
f.ood supplies, and can have a significant effect on year-to-year population 
levels" (Aardahl and Roush 1985) . 

Michael Brandman Associates, Thc. (MBA),.a biological consulting firm in Santa 
Ana, CA, conducted.a field study on the China Lake Naval Weapons Center in 
1987 and prepared a management plan for the Mohave Ground Squirrel (MBA 1988) . 

. The plan defined probable'hahitat for the squirrel at China Lake as "sandy . 
areas where appropriate vegetation exists on valley floors, alluvial' plains, 
and bajadas that generally lack desert pavement" and possible habitat as . 
"areas of generally sandy conditions that are somewhat rockier, steeper, or 
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both, as compared to the more favorable habitat" (MBA 1.988). The plan 
concluded that the "majority of potential Mohave ground squirrel habitat on 
the NWC [Naval Weapons Center] is apparently located on alluvial fans adjacent 
to various moUntains and hillocks protruding from the desert floor. These 
alluvial fans normally bear deep sandy soils that have various layers of clay 
in t~eir lower horizons. Creosote bush scrub typifies the vegetation 
supported on these expansive alluvial fans" (MBA 1988) . 

The studies conducted from 1.988 through 1991 at the Coso Known Geothermal 
.Resource Area by Leitner and Leitner (198.9,1990, 1992) and Leitner et al. 
were on four sites. The Mohave Ground Squirrel has been captured at all 
sites. site 1 ("Rose Valley") was at an elevati·on of about 3370 feet "and 
nearly level with a very gradual slope to the south and west. The soils 
present are in the Dunmovin series, deep, sandy alluvial soils of valley 
floors. The vegetation is Desert Saltbush Scrub, a low-growing, homogeneous 
mixture of two saltbush species, allscale (Atriplex polycarpa) and shadscale 
(A. con£erti£olia). ·The herbaceous layer was relatively sparse and of low 
diversity" (Leitner and Leitner 1989). Site 2 ("Coso Basin") was at an 
elevation of about 3600 feet. "The site slopes gently to the southwest toward 
Coso Wash. The western side of the study site is bordered by an active wash 
that carries runoff from the lava plateau to the northeast. The shrubby 
vegetation within the wash is quite diverse, owing to availability of 
groundwater at depth. Soils in the wash are very loose and sandy, and the 
herbaceous vegetation is sparse and uniform. The wash occupies about one­
tenth of the study site along the western edge. The remainder of the study 
site is composed of Dunmovin-Lavic-Wasco variant soils, very deep, nearly 
level sandy and loamy soils which appeared to include a cemented hardpan at 
depth: The vegetatio~ here is composed of Mohave Mixed Woody Scrub, a diverse 
mixture including goldenhead (Acamptopappus sphaerocephalus), Mormon-tea 
(Ephedra nevadensis), and shadscale, among other species" (Leitner and 
Leitner 1989). 

Coso study site 3 ('~Cactus Peakn) was at an .elevation of about 4800 feet. "It 
is contained within a large upland basin which slopes gradually to the east, 
eventually draining into Coso Basin. The soils are in the Maynard Lake 
series, cobbly, sandy and loamy soils formed over or in all.uvium from 
rhyolotic tuff and volcanic ash deposits. The vegetation here consist of the 
bajada phase of Mohave Mixed Woody Scrub grading into Desert Saltbush Scrub in 
the lowest portions of the basin. Important shrub species .here are spiny 
hopsage (Grayia spinosa), fourwing saltbush (Atriplex canescens) andshadscale 
with a scattering of Joshua trees {Yucca brevirolia) " (Leitner and Leitner 
1989). Study sit:;e 4 ("Pumice Mine n) was at an elevation of about 4900 feet, 
in a valley with a northwest-southeast orientation. As in 'site 3, nthe soils 
are Of the Maynard Lake series, with a slightly higher.proportion formed over 
the.parent material rather than in alluvium, resulting in somewhat shallower 
soils. The vegetation at Study Site 4 resembies that found at Study Site 3, 
but is richer in species composition and more strongly dominated by a single 
shrub species, spiny hopsage" (Leitner and Leitner 1989) . 
Wessman (1977) commented that the "Mohave ground squirrel exists in a wide 
variety'of habitats, from creosote-burrobush and saltbush communities at low 
elevations to rich Joshua tree and monotypicblackbrush (Coleogyne 
ramosissima) habitats at elevations over 5,000 feet.n This reference to the 
squirrel occurring in Blackbush communities is the'. only one known to the 
author of this status review. Holland ·(1986) described Blackbush Scrub as 
having" [I] ow, often intricately branched shrubs, 0.5-l m tall, with crowns 



usually not touching and with bare ground between plants. Most-, growth and 
flowering occurs in late spring. Dormant in winter (from cold) and probably 
in summer and fall (from drought) ." This community typically grows on, "dry, 
well-drained slopes and flats with shallow, of ten calcareous soils of v~ry low 
water holding capacity, often intergradingwith Great Basin Sagebrush 
Scrub ... , Joshua Tree Woodland ... , or Pinyon-Juniper Woodlands ... , but 
typically at somewhat lower elevations, warmer, and drier" (Holland 1.986) . 

Munz and Keck (1.959) included 13lackbush communities as part of their Sagebrush 
Scrub community-type, which was described as occurring on II [d]eep pervious 
soil along the east base of the Sierra Nevada from Modoc County south to the 
San Bernardino Mountains, mostly at elevations of 4000 to 7500 feet; 
occasional in Siskiyou and San Diego counties. Average precipitation 8 to 1.5 
inches mostly as winter snow; growing season 3.S to 6 months, with 70 to 130 
frost-free days; mean summer maximum temperatures 83°-95°, mean winter minima 
8°-27°F. Low silvery-gray shrubs 2 to 7 feet tall, interspersed with greener 
plants." Vasek and Barbour (1.988) commented that Blackbush scrub is "a 
vegetation of low dark shrubs" which -lies above Creosote Bush Scrub in the 
western Mojave Desert. According to these authors, Blackbush Scrub may exist 
in combination with Joshua Tree Woodland and/or California Juniper woodland. 

In summary of the discussion of the essential habitat of the Mohave Ground 
Squirrel, it has been demo~strated that the squirrel has been found to occur 
in all Mojave D.esertscrub communiti,es described by Munz and Keck (1.959) and 
Vasek and Barbour (1988), and most of those described by Holland (1986). 
These include all of the broad community-types named by Munz and Keck (1.959) 
as Alkali Sink, Creosote Bush ,Scrub, Shadscale Scrub, Joshua Tree Woodland, 
and Sagebrush Scrub. Vasek and Barbour (1.988) ~lso used most of these names 
for their broad community-types but substituted Saltbus~ Scrub for Alkali 
Sink. Vasek and Barbour (1.988) also described Blackbush Scrub as a community 
separate from the Sagebrush Scrub of Munz and Keck (1.959). 

Holland (1.986) subdivided several of the _broad community-types described by 
Munz and Keck (1.959) and Vasek and ,Barbour (1.988) and named the Mojave Desert 
scrub communities as Desert Saltbush Scrub, Desert Sink Scrub, Desert 
Greasewood Scrub, Mojave Creosote Bush Scrub, Shadscale Scrub, Joshua Tree 
Woodland, Mohave Mixed Woody Scrub, and Blackbush Scrub. No occu~rence of the 
Mohave ~round Squirrel has been' reported specifically from Desert Sink Scrub 
or Desert,Greasewood Scrub, but these community-types along with Desert 
Saltbush Scrub are specific divisions of the broader Alkali Sink of Munz and 
Keck (1.959) and Salt-bush Scrub of Vasek and Barbour (1.988). The squirrel has 
,been reported to occur in those latter broad communities. Holland (1.986) also 
described one other community of the Mojave Desert, the Mojave Wash Scrub, 
which i~'a "low, shrubby, open community with 'a scattered to locally dense 
overstory of microphyllous [small-leafed] trees." It occurs on "[s]andy 
bottoms of wide canyons, incised arroyos of upper bajadas, and sandy, braided, 
shallow washes of the lower bajadas, usually below about 5,000 feet" (Holland 
1.986). The Mohave Ground Squirrel has not been reported to occur specifically 
from this community, but this type is inc;:luded without it being named in the 
Creosote Bush Scrub and higher broad communities of Munz and Keck (1.959). 

Based on the review of studies in which sites of observation or capture of the 
Mohave Ground Squirrel have been described, the Department's opinion is that 
the squirrel occurs in all broad plant-communities within its range. Also, 
there is reason to believe that the squirrel occurs in all of the specific 
plant-communities within its range. 
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LIFE HISTORY 

Physical Appearance 

The Mohave Ground Squirrel is a medium-sized ground squirrel of about nine 
inches in total length (Grinnell and Dixon 1918, Ingles 1965), which is about 
half the length of the more familiar and widespread California Ground Squirrel 
(S. beecheyi). The underparts of the Mohave Ground Squirrel are white, as is 
the undersurface of the tail. The upper' parts of the pelage have been 
described as being'a "uniform grizzled grayish-brown or drab-brown" (Merriam 
1889), "pinkish gray" (Hall and Kelson 1959, Hall 1981), "cinnamon-gray" (Burt 
and Grossenheider 1976), and as "pinkish cinnamon without stripes or . 
fleckings" with cheeks being "brownish" (Ingles 196.5). M. Recht (pers . 

. commun.) states that juveniles have cinnamon-colored pelage and molt to a gray 
pelage as they mature. He further comments that Mohave Ground Squirrel hairs 
are multi-banded at the tips, to help adjust energy uptake or loss via 
absorbance/albedo of the animal. The skin is darkly melanistic t.o assist in 
thermoregulation. The tail is relatively short at about 2.5 inches. The 
Mohave Ground Squirrel is relatively short-legged. Its eyes are fairly large 
and set high in the head. 

Taxonomy 

The Mohave Ground Squirrel is a member of the mammalian family Sciur.idae, a 
large .family of rodents which includes ground squirrels, marmots, chipmunks, 
and tree squirrels. The ground-squirrel group',. to which the Mohave Ground. 
Squirrel belongs, is comprised of sciurids which live in burrows'which they 
dig themselves. There are seven species of the genus Spermophilus which have 
geographic ranges that include at least part of California (Ingles 296.5, Hall 
1981, Tomich 1.982) . The Mohave Ground Squirrel is the only one whose 
geographic range is entirely in Cali"fornia (i.e., it is endemic to 
California); Of the seven species, four are found in the Mojave Desert and 
three are in the western Mojave Des.ert. Only the Califorriia Ground Squirrel 
has a geographic range that truly overlaps the range of the Mohave Ground 
Squirrel; it is not a desert-dwelling species per se, being found around 
agricul tural fields and other human-disturb'ed areas. 

The Mohave Ground Squirrel is a .distinct full .species, with no subspecies. It 
was discovered by F. Stephens in early June 1886. It was first descr.ibed by 
Merriam (1889), using a specimen of an adult male collected by F. Stephens on 
29 June 1886 ... The type locality (site at which the first known specimen was 
collected by Stephens) is near Rabbit Springs, about 15 miles east of Eesperia 
(San Bernardino County) (Grinnell and Dixon 1918) '. The Mohave Ground 
squirrel'.s closest relative, genetically speaking, is the Round-tailed Ground 
Squirrel/(S. tereticaudus). The geographic ranges of these two species do not 
overl·ap, a~though ·the ranges are very close together on .the,eastern side of . 
the Mohave Ground Squirrel's range; the two species are considered to be 
parapatric (the ranges are contiguous but not overlapping). Elliot (1904; not 
examined, but cited by Hafner and Yates 1983) believed that the two species 
intergraded in the vicinity of Daggett (San Bernardino County). "However, 
Grinnell and Dixon (1918) and Howell (1938) disagreed, stating that only S. 
tereticaudus occurred at Daggett, and that the two taxa were full biological 
species. In a survey of the distribution and habitat preference o.f S. 

mohavensis, Wessman (1977) identi£ied several areas of contact between the two 
sibling species. He indicated that one of these, near Helendale [San 
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Bernardino County], along the Mojave River wash ... might represent a zon~ of 
hybridization" (Hafner and Yates 1983). 

Hafner and Yates (1982, 1983) investigated the systematic status of these two 
species through electrophoretic analysis using kidney and liver tissues aI;l.d 
through karyotypic analysis using bone marrow tissue. Evidence of 
hybridization was found only at a single site near Helendale. The authors 
detected a high level of genetic similarity between the two species in their 
study and stated that "these taxa may be in the process of diverging and not 
reproductively isolated from one another" (Hafner and Yates 1983). Further, 
"ecological factors may serve as prereproductive isolating mechanisms in S. 
mohavensis and S. tereticaudus. Significantly, Helendale (the single', hybrid 
site) is an extremely disturbed site, subject to extensive agricultural 
development and ecologically unlike the other study localities. The two 
specimens [of ground squirrels] from this site were collected immediately 
adjacent to fields of alfalfa and wheatgrass; despite extensive searching, we 
,found no Spermophilus away from these fields,. Due to artificially elevated 
food supply along agricultural fields in this area, ecological and ethologi'cal 
(premating) isolating factors may break down, allowing hybridization" (Hafner 
and Yates 1983). These authors concluded that, in light of the chromosomal 
and electrophoretic evidence and in lieu of more detailed examination of 
genetic interactions of the two species, retention of full species status for 
the Mohave Ground Squirrel was warranted. 

Hafner (1992) reexamined the issue of hybridization in light of new findings 
about physical barriers which probably separated these ,two species for 
,thousands of years until relatively recent,ly. He made cranial and dentary 
measurements of adult specimens of both species from within 1.8.6 miles (30 
kilometers) of the contact zone to determine whether patterns of cranial 
morphology would reflect positive contact between ,the spE:'!cies (evidence of 
hybridization or intergradation), negative contact (evidence of intense 
competition), or neutral contact (no evidence of either intergradation or 
competition). He concluded that "[m]orphological patterns within and between 
the two species are consistent with neutral secondary contact [re-contact 
after separation] with ,limited or insignificant competition or intergradation 
along' the contact boundary" (Hafner:19 92) . , 'Some of the examined specimens 
could not be assigned to either species because they possessed in~ermedia'te 
cranial characteristics, but Hafner (1992) stated that such specimens "may, 
reflect similarity between the taxa [the two species] rather than 
hybridization." However,' 'th~se specimens were from known or suspected sites 
of hybridization, suggesting,that these indiyidual squirrels did result from 
intergradation. Hafner (1992) believed that no large degree of intergradation 
was indicated from his interpretation of the morphological measurements. 

Krzysik (1991) captured a ground squirrel on the Natio~al Training Center and 
Fort Irwin in 1989 which he described as a "hybrid" between the Mohave Ground 
Squirrel and the Round-tailed Ground Squirrel: No details were given by 
Krzysik (1991) about this animal. The site of capture was described as being 
"seriously impacted" by vehicles in military training exercises. No true 
Mohave Ground Squirrels were found at the site by Krzysik (1.991). However, D. 
ClCirk (pers. commun.) reported the captures of three Mohave Ground Squirrels 

'within several kilometers of this site. If the site is in an area of 
hybridization, the ecological damage'in the vegetative communities may have 
resulted in both species being present and in premating behavior break-down. 
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Biology 

General. Some descriptive statements generally may be made about ground 
squirrels of the genus Sperrnophilus, most of which apply to the Mohave Ground 
Squirrel. They are open-country animals, not found in areas of dense forest. 
They are diurnal animals (active in the day-time only). They have large 
internal cheek pouches in which to carry food. Some species become torpid 
when food is scarce. Most use body-stored fat for' energy during the period o£ 
torpidity. This period is termed "estivation" if it occurs during .the heat of 
summer and "hibernation" if it occurs during the extremes of winter. The 
terms o£tenare used interchangeably to describe the torpid period of species 
such as the Mohave Ground Squirrel, which sleeps from mid-summer through the 
winter (Bartholomew and Hudson 1960). Ground squirrels may store food in 
their burrows, but there is ho evidence that they use it until awakening from 
torpidity in the spring. (Nowak (1991) stated that some species living in the 
more southerly pa:r:ts of their ranges "may be active nearly thro:ughout the 
year, though they will remain in their burrows during inclement weather as 
green food disappears.',,) Some species store food in surfa'ce caches' (Ingles 
1965). "The diet [0£ ground squirrels] consists of seeds [Spermophilus means 
"seed-loving"], nuts, grains, roots, bulbs, mushrooms, green vegetation, 
insects and other small invertebrates, and occasionally small vertebrates and 
birds' eggs'" (Nowak 1991) . 

Estivation. The Mohave Ground Squirrel spends about seven months of the year 
(Ingles 1965), often from August through February (Bartholomew and Hudson 
1960, Tomich 1982); i.n its underground burrows in estivatiol1-. This behavior, 
presumably, is to avoid'a period when food is scarce (Bartholomew and Hudson 
·1960; Ingles 1.965). M. Recht (pers. commun.) states that entrance into 
estivation may begin from June to September; in a good food-year, adults may 
enter estivation in late June and juveniles go in·late July. In a poorer 
year, adults may not go underground until mid-July, and juveniles may not go 
until JIlid- to late August. One juvenile was discovered above ground in mid­
September. Adult squirrels. are more likely than juveniles (i.e., young of the 
year) to enter estivation early, because adults must gain less weight from the 
beginning value at the start of the above-ground season in order to survive 
the long estivation underground, and they usually have better (more food-rich) 
horne ranges (Recht 1977) . Leitner and Leitner (1990) predicted that adult 
·males are the £irst to enter dormancy, followed by adul t f~males. . Females are 
later probably because they do not begin to acquire .fat reserves until 
lactation (milk production) has ceased and the young are weaned (Leitner and 
Le'itner 1992) . 

Adults emerge f·r6mthe prev~ous year's estivation weighing 70-80 grams and 
will enter the next estivation weighing about 165-1.75 grams (Recht 1977). At 
three weeks of age, juveniles still weigh less than 60 grams (M. Recht pers·. 
commun-;7 . "-1I.s- ·che -Mohave ·GI:'ound Squirrel·.becomes .. torp.id in .estiv.a tion , Hits ... 
temperature drops'nearly to that. of the environmental temperature., breathing 
is suspended for long periods, and the heartbeat is greatly reduced. Its 
stored fat is doubtless the major source of its energy" (Ingles 1965). It is 
not known whether the squirrel awakens during the 'estivation period to eat, 
but the species is known to take food into its burrow. Zembal et al. (1979) 
observed a squirrel feeding on fruits and seeds of a Joshua Tree (Yucca 
brevi£olia) for four straight hours in July 1978 and making trips to a burrow 
at the base of the tree every 1.5 to 20 minutes. "The animal remained in the 
burrow for an average o£ four minutes each time. This animal's behavior and 
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similar displays by others suggested hoarding" (Zembal et al. 1979). 
only two Mohave Ground Squirrels "were observed at close enough range 
discern the carrying of seeds into burrows" (Zembal and Gall 1980) . 

However, 
to 

Leitner et al. (1991) found that, of six adult Mohave Ground Squirrels known 
to begin estivation in a 1990 study atth~ Coso Known Geothermal Area in Inyo 
County, all animals "entered estivation between mid-May and mid-July, with 
five initiating summer dormancy during the five-week period between May 16 and 
June. 21 .. Three began estivation in the last two weeks of May, two during the 
third week of June, and the last during the first two weeks of July." These 
authors believed that adult squirrels at Coso "may regularly enter estivation 
as early as late Mayor June." Leitner et al. (1991) also inferred from their 
data on dates of first captures of Mohave Ground Squirrels in the early spring 
of 1990 that. most squirrels had emerged from their torpid period in the last 
week of March and/or the first week of April. 

Burrows. Burt (1936) found that the "burrows of these squirrels enter the 
ground at an angle of about 35 degrees. The dirt taken from the burrow 
apparently is sca.ttered, for little or none is to be 'found at the entrance. A 
burrow system excavated one-half' mile east of Palmdale had two openings. One 
of these was nearly round, but the other was slightly oval. They measured 2 
inches in the smaller and two and one-half inches in the greater diameter. 
The openings were 54 inches apart and the simple tunnel was 12 inches below 
the surface at the deepest point. Above the tunnel was an enlarged chamber, 
but there was no nest materiaL It is pos.sible that the burrow as yet was 
incomplete, as a female did some digging near the entrance while I watched . 
her. On April 12, I followed a female squirrel from 9:00 A.M. to 3:30 P.M. I 
remai~ed at a sufficient distance to avoid startling her and she went about 
her business in an apparently normal way. During the six and one-half hours 
that she was under observation she entered 4 different burrow systems, 
remaining but a few minutes in each. The last burrow entered (entirely on her 
own volition) had been partially plugged and it was necessar.y for her to 
remove some loose earth from the entrance. As she entered the burrow she 
kicked back loose earth with her hind feet and partially plugged the hole from 
within." 

Hoyt (1972)., upon releasing a Mohave Ground Squirrel after it was . live-trapped 
in San Bernardino County, noted that the animal entered a burrow under a 
Creosote Bush (Larrea tridentata). In another trapping locality near Boron 
(San Bernardino County) ,Hoyt (1972) stated that burrows of the squirrel 
"appeared to be located at the bases of Creosote bushes. II 

Recht (1977) found that Mohave Ground Squirrels on his study area near 
Saddleback Butte (Los Angeles CoUnty) used three types of burrows, as follows: 

. a home burrow, an estivation b~rrow, and an accessory burrow. The home burrow 
was the one in which. a single squirrel spent the night. At entering the 
burrow for the last time each day, the squirrel pushed up a soil plug to close 
the opening. The plug was removed each morning. Home burrows usually were 
located on the edge of a home range. A change to a new home burrow usually 
occurred as a result of a shift in the home range. The estivation burrow was 
the one in which the squirrel spent approximately seven months underground. A 
squirrel might dig a new estivation burrow or enlarge an existing burrow. 
Estivation burrows seemingly were loc::ated in areas .which have the latest 
succulent vegetation in a season. Recht (1977) speculated on the possible 
reasons for 'such a location. It is known that squirrels are drawn to, or 
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remain in, these relatively rich areas as vegetation elsewhere dries out. If 
they estivate in those areas, then in spring they would emerge in the 
(presumably) most vegetated part of the habitat. Also, males and females 
"would be near one another, probably facilitating mate selection." It is 
possib.le that the higher moisture content of the soil in areas which support 
late-season vegetation helps to stabilize soil temperature, due to the high 
specific heat of water. Squirrels estivating in burrows dug in more 
thermally-stable soil may use less energy in maintaining body temperatures. 
The accessory burrow may be an existing burrow or a freshly dug one. It may 
serve several functions, particularly in providing a refuge from predators or 
other Mohave Ground Squirrels and in thermoregulation. "The most frequent use 
of these burrows was for thermoregulation. The squirrels would use these 

. burrows extensively [frequently, rather than continuously - M. Recht pers. 
commun.] at midday [in summer] to cool off ..... The use of the burrows as heat 
sinks permitted activity to continue despite extremely high above-ground 
ambient temperatures" (Recht 1977) . 

zembal et al. (1979) noted that "[a]ll of the burrows· found to be utilized by 
Mojave [sic] ground squirrels were located in very nonrocky situations and at 
the bases of perennial plants." The only specific burrow mentioned by these 
authors was at the base of a Joshua Tree. 

At their study area in Inyo County,' Leitner et al. (1991) .found the concept of 
a home burrow, to which a squirrel returned for the night, did not apply to 
most of their radio-collared animals. "Only one ... used the same nocturnal 
burrow every night. All others used two or more different nocturnal burrows 
during the course of the study. "Nocturnal burrows were consistently located 
at the bases of larse shrubs. Most were found under Lycium bushes, especially 
the very large L. cooperi with its spreading thorny branches that droop almost 
to ground level, presumably affording excellent protection from predators. 
Nocturnal burrows were also located under relatively dense shrubs of the 
somewhat smaller species Grayia spinosa" (Leitner et al. (1.991). Of six 
radio-collared Mohave GroUnd Squirrels thought to have entered estivation in 
the 1.990 study, in "almost every case, ·the estivation burrow was a new [newly 
dug?] one that .had not been routinely utilized during the animal's active 
period" (Leitner et al. 1991).' 

Food habits. foraging. and home ranqes. Burt (1936) observed that in "early 
spring" the food of the Mohave Ground Squirrel "is composed almost entirely of 
.the tender green vegetation then just beginning growth." He described the 
foraging act·ivity of a squirrel observed on 12 April 1936 in a patch of green 
alfilaria' (= storksbill or filaree, Erodium) as follows: While feeding she 
would crawl along among the vegetation, bite off a green stem or leaf, hold it 
in her front feet, and eat it while sitting half erect. She would then crawl 
a bit further and repeat the process. "Later" [f]ive or 6 times she was 
observed to climb into small bushes ·and to eat some of the gr.een buds, .. but 
never did she ascend higher than'a .foot from the ground. During this time 
(two and one-half hours)· she covered an area within a radius of about 25 
yards .... " (Burt 1936). Another squirrel observed on 29 March 1936 for 45 
minutes confined its activities "to a small area not more than 10 yards in 
diameter." When this squirrel was captured, "her cheek pouches were .filled 
with .finely chewed green vegetation" (Burt 1936) . 

Hoyt (1972) set live-traps for Mohave Ground Squirrels adjacent to alfalfa 
fields near Palmdale. 'He noted ,inumerous" Mohave Ground Squirrels "running 
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back and forth between the alfalfa fields, and their burrows on the desert 
side of the dirt road" which bordered the fields. He believed that "the 
animals were closely. associated with the alfalfa fields and probably were 
deriving their .food from the fields, and not the desert" (Hoyt J.972). We.ssman 
(J.977) captured Mohave Ground Squirrels in Creosote Bush communities near 
alfalfa fields, but did not comment on any use of the fields by the squirrels. 
A rancher near Helendale told Wessman (J.977) that "many small, white· 
squirrels" were around his haystacks. Wessman speculated that these were 
Mohave Ground Squirrels., since Round-tailed Ground Squirrels were not found 
south of Helendale. However, there is no report of whether ,the squirrels were 
foraging on or living in the haystacks. M. Recht (pers. commun.) has 
questioned the identification of "small, white squirrels" as Mohave Ground 
Squirrels and has suggested that the squirrels around the haystacks were more 
likely antelope squirrels. 

Recht (J.977) found in his J.974 study of Mohave Ground Squirrel foraging near 
Saddleback B~tte that four plants qomprised the major food resources for the 
squirrel. These plants were Lycium sp. (box-thorn, a shrub), Coreopsis sp. 
(coreopsis or tickseed, an annual or perennial forb or sometimes a shrub), 
Amsinckia sp. (fiddleneck, an annual forb), and Salsola sp. (salsola, an 
annual or perennial forb). 'Salsola is the only non-native in this group. The 
use of these plants by Mohave Ground Squirrels was not simultaneous but 
separated in time over the, :foraging' season (Recht ·J.977). Recht (J.977) wrote 
that" [m]ost desert plants in this' region do ·not survive the entire season, 
but rather only a portion of it. At any given time,' from late winter through 
summer, the vegetation appears as a crop, varying from few to many species. 
The abundance of these species, their succulence, and 'their time of bloom can 

,vary locally,. 'From this variable resource, the squirrels select a given plant 
for extensive use." The species of plant selected by the squirrel at anyone 
ti~e generally had two properties which distinguished it from other available 
plants. These properties were having a higher water content and, except for 
Lycium, being more abundant (Recht J.977). 

The water content of each species, at the time of its use by Mohave Ground 
Squirrels, was greater than the mean content of the.other available species, 
with one exception. For about a week in July J.974, Creosote Bush had fruits 
with a water content within 4% of that of Salsola (Recht J.977). The plant of 
choice (Lycium excepted) "provided some 60 to ,90 per cent of the total 
vegetation cover. Lycium sp. was only J.O% of the vegetation; at this time in 
the season [that Lycium was being selected by Mohave·Ground Squirrels] very 
tiny grasses comprised the bulk ,of the vegetation cover; but these were not 
observed to be eaten by the squirrels" (Recht J.977). As the water content o.f 
each species declined, Mohave Ground S.quirrels switched to another species. 

Recht (J.977) concluded 'from the results o:f the J.974 study that, "[b]ecause 
high water content correla~es with high plant density, S. mohavensis is able 
to select plants which provide adequate nutrition and maximum water uptake, ' 
and which require minimum energy expenditure in their acquisition. This is an 
optimal foraging pattern." Recht (J.977) considered the Mohave Ground Squirrel 
to be neither a foraging generalist, which accepts a wide variety of food 
items, or a specialist, which accepts only a narrow range 'of items. Rather, 
he described the squirrel as a facultative specialist, which specializes for 
short periods of time, but changes £rom one food resource to another 
throughout the season. The squirrel "uses periodic comparison sampling at low 
utilization levels to recognize bet'ter forage" (Recht J.977). 
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Recht (1.977) found that, despite using the same foraging patterns, adult 
Mohave Ground Squirrels gained weight at a faster rate than most juveniles. 
This is because adults usually had a greater share of the available food 
resources in better home ranges. These home ranges were smaller in area and 
had more abundant vegetation. "Under these conditions the adults enjoyed a 
reduced cost of nutrient acquisition. Their exploratory foraging and commuter 
(travel to established foraging sites) movements were reduced. A reduction in 
the absolute amount of these locomotor movements would reduce energy 
expenditures, reduce exposure to the thermal stress of the desert day, and 
enhance accumulation of energy surp'lus, i.e., fat" (Recht 1977). Aardahl and 
Roush (1985) also found that juvenile Mohave Ground Squirrels had larger home 
ranges than did adults. A home range is a geographic area in which a single 
Mohave Ground Squirrel forages but which the squirrel may not defend against 
other squirrels. Home ranges of different squirrels may overlap. Adest 
(1972), based on observations of Mohave Ground Squirrels in a laboratory, 
believed that this species exhibited "extreme intraspecific aggression" and 
suggested that it may be territorial (defending a geographic area) in natural 
conditions. He also offered the possibility that the species is "not 
territorial, but possess [es] an interpersonal distance, a small inviolable 
space surrounding an animal which releases fighting behavior if crossed by a 
·member of the same species .... " 

Recht (1977) classified these smaller, richer home ranges·as Class I. 
Subordinate animals occupied Class II home ranges, which were much larger in 
area and had much. less abundant vegetation than Class I homeJ:'anges. Although 
Recht (1977) did not define just what is a subordinate animal, except to state 
that a squirrel found on a Class II home range was a subordinate, presumably 
most subordinates were juveniles. .In his study area, Recht (1.977) found that 
home ranges of juveniles were in a cluster around the central home ranges of 
adults. Adults occupied areas nearest to roads, which, due to soil 
compaction, acted as dams and trapped soil moisture. This resulted in more 
abundant and succulent vegetation. Juveniles w~re excluded from the better 
areas by adults, which used agonistic (combative) behavior toward the 
Juveniles. As the season advanced and vegetation in the desert dried out, the 
vegetation along the roads was the only usable forage on the study area. 
Adult squirrels shifted their home ranges only slightly, but home .ranges of 
juveniles began to collapse toward the road. Some juveniles invaded the home 
ranges of other juveniles. The greatest change in habitat use by juveniles 
came after adults entered estivation and the former adult home ranges were' 
"released" for use by juveniles. "These new areas were rapidly exPloited by 
the juveniles; within two days of vacancy the juveniles had taken possession" 
(Recht 1.977) . 

zembal and Gall (1980) observed 20 different Mohave Ground Squirrels 
harvesting seeds of Joshua Trees. The squirrels "engaged in this harvest for 
hours at a time. Individuals- -were observed high in the tops of Joshua trees 
almost continuously during daylight hours, from about 3 h[ours] after sunrise 
to 1. h[our] before sunset" (Zembal and Gall 1980). "Never was more than one 
S. mohavensis observed at a time in a single Joshua tree ... " (Zembal and Gall 
1980). These authors point out that, in their study at the Coso Rot Springs, 
Area (Inyo County) in 1978, nearly half of the observed Mohave Ground 
Squirrels were far from the nearest Joshua Tree. These trees were scarce in 
·the study area. "However, wherever seeds of the. Joshua tree were available, 
they were heavily utilized [by Mohave Ground Squirrels1 and appeared to be a 
preferred food. In one small area of approximately 0.39 km2 (a belt just less. 
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than 3'.2 km by 222 m), 30 fruiting Joshua Trees were found; 26 S. 

mohavensis .. . were counted at fruit clusters there on 3 July 2978, between 2445 
and 2550 [hours]. It appeared that Mohave ground squ.irrels were concentrated 
in this area because a highly prized food resource was also concentrated here" 
(Zembal and Gall 2980). 

A determination of Mohave Ground Squirrel food habits at the Coso Known 
Geothermal Resource Area in May and June 2988 was made by Leitner and Leitner 
(2989). The diets of the squirrel and four other mammalian herbivores on four 
study sites were determined through microscopic examination of undigested food 
material in fecal samples. Samples were obtained for individual squirrels by 
collecting fecal pellets from the live-traps in which the squirrels were. 
captured. At the Leitners' study site 2, forbs (non-woody plants other than 
grasses) comprised almost 83% of the Mohave Ground Squirrel diet. Percentage 
of diet is "the percent relative density of each food item averaged over the 
number of fecal samples.for each study site . The average percent relative 
density of a -food item approximates its dry weight in the di·et ... " (Leitner 
and Leitner 2989). At site 2, notable individual food items were locoweed 
(Astragalus 1 entiginosus , a perennial forb)'- both leaves and fruits, White 
Mallow (Eremalche exilis, an annual forb) - both leaves and fruits, and 
various composite -flowers and seeds. One fecal sample contained 62% 
mycorrhizal -fungi. 

At the Leitners' study site 2, forbs comprised 53% of Mohave Ground Squirrel 
diet. Notable individual items were the foliage of Arabian Schismus (Schismus 
arabicus) and Desert-marigold (Baileya'pleniradiata) and the seeds of Desert 
Calico (Langloisia matthewsii). One fecal sample contained 45%' Creosote Bush. 
Grasses averaged almost 25% relative density overall at Coso Basin. 
At study site 3, forbs made up nearly one-half of the diet. "In contrast to 
the other three sites, seeds rather than leaves were the dominant component of 
the diet here, averaging almost 62% relative density. Seed of desert calico 
was the most important single item.· .. " (Leitner and Leitner 2989) . 

At study site 4, forbs were the single most important food category. "Gilia 
(qilia sp.) foliage averaged 30% relative density, the highest ranking for a 
single food item on any study site." Further, "[c]omposite flowers were the 
second most important food item, comprising almost 24% of relative density and 
making up the majority of one sample. Boxthorn seed and saltbush [Atripl.ex 
sp. - shrubs] leaves were also significant items in the diet here" (Leitner 
and Leitner 2989). 

On all study sites, individual .fecal ,samples for the Mohave Ground Squirrel 
tended to be dominated by a single item. This was the case for 35 of 47 
samples. This suggests that individual Mohave Ground Squirrels frequently 
concentrate foraging on one or a few foods. However, Leitner and Leitner 
(2989) found that there was great variation among individual animals in the 
use of diet-dominant food items, even on a single study site~ Thirteen 
differ~nt food items comprised 50% or more of relative density irt individual 
sampl~s, but only tw~ (Desert Calic? and composi1;:e flowers) had this 
distinction on more than one study site. Overall, forbs were the most 
important, "providing significant amounts of foliage to the diet, as well as 
some seed. Grasses and shrubs made much smaller contributions. Arthropods 
(chiefly grasshoppers, ants, and beetles) were a small but consistent 
component of the diet, averaging 5-8% of relative density across .. the four 
study sites. They were present in 45% of all samples, the. highest frequency 
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of any food item" (Leitner and Leitner 1989). Although fruiting Joshua Trees 
were present in abundance on study sites 3 and 4, that species was not an 
important food source for the Mohave Ground Squirrel. 

Although the sample size for adult squirrels was. small and no firm conclusions 
about any differences in diet between adults and juveniles could be reached, 
"there is a suggestion that adults consume 'a greater proportion of forb leaf 
material and juveniles [consume] more s!=ed" (Leitner· and Leitner 1989) . 

In 1988 at their study area, Leitner and Leitner (1989) found that the 
"pattern of home range distribution was quite similar for resident MGS [Mohave 
Ground Squirrel] on study sites 1, 2, and 4.... There was little overlap of 
home ranges of individuals living in close proximity. Only about 42-57 
percent of available habitat within the study sites was occupied by home 
ranges of resident animals. In [s]tudy site. 3, however, there was substantial 
overlap of home ranges, and more than 90 percent of the study site was 
occupied by resident animals." Mean home range size for all study sites was 
0.71 hectares. 

Based on their 1988 work, Leitner and Leitner (1989) concluded that 11 [f]ood 
habits results and vegetation sampling indicated that MGS populations are 
found in a range of environments, and that MGS utilize available resources 
flexibly, foraging both.on common and uncommon plant materials. 'The MGS show 
a fair degree of specificity in their food preferences, but there is much 
variation in food habits results between sites and between individuals at. a 
single site." 

In 1989 the Leitners co~lected additional food habits information for the 
Mohave Ground Squirrel at the Cqso Known Geothermal Area (Leitner and Leitner 
1990). No Mohave Ground Squirrels were captured at site 1 in 1989, so food­
habits data were available. only for sites 2, 3, and 4. Trapping at site 3 was 
done specifically in March and April to obtain fresh fecal sampl.es in the 
early part of the active period for the squirrel. The results from site 3 
showed a change i;n food selection over the active period. In late March the 
diet was over 95% Grayia spinosa (Hopsage, a shrub) leaves. In April the diet 
was 68% forbs with Monardella exilis (Mohave 'PennYroyal) and the closely . 
related Gilia sp. and/or Linallthus aureus (Golden Gilia) each'contributing 
about .30% of .relative density. In June Lycium sp. seed was nearly 74% of the 
diet. The Hopsage may have represented the most widely available and 
palatable food item in early spring before major growth of the annual forbs. 
By April the .forbs were widely available, and by JUne they were largely dry. 
In June the Lycium had a high output of· seed. 

On study site 2 in May and June 198'9, Mohave Ground Squirrels ate over 90% 
Lyciumseed, with some Eurotia lanata (Winterfat, a shrub) and grasses but no 
forbs·a·t alL That diet··reflected the .nearly .comple.te.lack of forbs on site 
2. On site 4 in May and June, forbs were more abundant and diverse than on 
site 2, and Mohave Ground Squirrel diet was 56% Desert Calico seed and 32% 
.leaves and seed of Bromus sp. (grasses). 

In comparison with 1988, the 1989 overall diet of the Mohave Ground Squirrel 
in the Coso study sites was less divers'e, reflecting a paucity of available 
food items. In both years, a single item tended to comprise the majority·of 
a single fecal sample. In 1.988 and at site 3 in April 1989, several different 
food items were available to squirrels. However, the May and June 1989 
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'samples indicated that there was only one item sufficiently palatable and. 
abundant to comprise the majority of the. diet. No juvenile squirrels were 
captured in 1.989i thus, no fecal samples were 'available and no comparison can 
be made between adult and juvenile diets. For .1989, home range sizes far the 
-few Mohave Ground Squirrels captured were described as "quite small" (Leitner 
and Leitner' 1990) . 

In comparing the 1988 and 1989 results, Leitner and Leitner (1990 wrote that 
in u1988, we had the highest number of resident MGS at Study Site 3, the site 
having the highest annual standing crop. The low precipitation and standing 
crop in 1989 coincided with a complete cessation of reproduction in the MGS 
population. Food habits results showed that MGS consumed a high proportion of 
green forage, mostly from herbs. if there is a direct link between low annual 
plant production and the lack of reproduction iIi MGS, it might be possible to 
estimate the threshold standing, crop of annual herbs required for MGS to 
successfully produce young., Since all mean between- and under-shrub standing 
crop values in 1989 were below 0.84 gper square foot (equal to about 80 lbs 
per acre), this ,may indicate that the minimum standing crop required for MGS 
reproduction is above this level.'" 

In the third year of study at Coso, Leitner et al. (1991,) collected Mohave 
Ground Squirrel fecal samples on sites 2-4 in March and April 1990 and in,a 
single late May-early June period. As in 1,989,' no Mohave 'Ground Squirrels 
were captured at site 1. Sample sizes were small at each site. At site 2, 
two species of shrub leaf were predominant (Eurotia Ianata at 54% of relative 
density and Grayia sp~nosa at 37%) in March and April. At sites 3 and ,4, 
shrub leaves also dominated the diet in March and April. Site '3 diets .showed 
51% Grayia and .35% AtripIex, and site 4 showed almost 82% Grayia and .10% other 
shrub-'leaves. By May/June 1990, diets indicated some use of forbs. At site 2' 
leaves of the forbs Gilia and Linanthus comprised 4.1% of the diet.: The shrubs 
Larreatridentata and Ephedra nevadensis made up 41% and 15%, respectively. 
The samples from site 3 averaged 51% Gilia/Linanthus leaves, 29% Grayia and 
Atriplex leaves, and 19% pollen. Site 4 had 52% Grayia leaves and 45% 
Atriplex leaves.. The 1.990 results ,indicated that shrubs were more .important 
in the Mohave Ground Squirrel diet than had been the case in .1988 or 1989. 

In 1990 the mean home range size of 12 radio-collared Mohave Ground Squirrels 
was 1.92 hectares, using the minimum-convex-polygonmethod ,6f calculation. 
There was little overlap of home ranges, and "even the small areas of overlap 
shown [by this method] were usually not occupied simul~aneously by two 
animals" (Leitner et al. 1991). Home range estimation using the results of 
live-trapping was a mean 0.43 hectares. 

From radio-telemetry results in 1990, Leitner et al. (1991) learned that the 
"nocturnal burrow was sometimes far from the area in whicp. an animal would 
regularly spend the day feeding and nesting,," One squirrel traveled about 400 
meters between its nocturnal burrow and the area in which it was usually found 
during the day. This area had a. relatively dense stand of, Joshua Trees, and 
the squirrel maY'have traveled this relatively long way to feed on Joshua Tree 
fruits. Two other squirrels regularly moved 200-250 meters from their 
nocturnal burrows to daily feeding areas. Another animal moved as much as 250 
meters from its nocturnal burrow. 

Leitner et al. (1,9'91) did not find that the Mohave Ground Squirrel switched 
food preferences in broad patterns during the above-ground period as had Recht 
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(1977). Local populations of squirrels did not specialize on single food 
items in sequence and in concert, but had "a diversity of preferences among 
individual animals in a population when a variety of food items was available" 
(Leitner et al 1991) . 

The fourth consecutive year of study at Coso was i991, and dietary information 
for Mohave Ground Squirrels was derived from analysis of fecal samples as in 
previous years (Leitner and Leitner 1992). Samples were obtained ina single 
period of 'late May/early June at sites 2 and 3. No Mohave Ground Squirrels 

. were captured at sites 1 and 4, and sample sizes at 2 and 3 were very smal,l. 
"The two most important food items were arthropod parts and Opuntia 
(beavertail and/or cholla cactus) seed, which together made up 70-85 percent 
of the relative density of each sample. ' The arthropod parts were mainly 
larvae of the order Lepidoptera, or caterpillars. The large proportion of 
caterpillars in the MGS diet was consistent with the availability of this 
high-'protein food source. We observed exceptional numbers of caterpillars, 
representing several species, on all of the study sites during the trapping 
period. Checkerspot butterfly and sphinx moth larvae were especially 
numerous" (Leitner and Leitner 1992). Although forb leaves and seeds were 
abundant by May 1991, Mohave Ground Squirrels selected caterpillars and cactus 
seeds, both uncommon in the squirrels diet in previous years. Leitner and 
Leitner (1992)' concluded that this selection of food items by the squirrel 
"undersco:r:es [its] flexibility in exploiting available high-quality food 
resources, even though these resources may change from one' year to the next." 
The "Opuntia seeds and caterpillars may have been the highest nutritional­
value food available and therefore were selected in preference to the forb , 
material." 

Leitner et al. (1991) commented on the significance of Joshua Tree seeds in 
the food habits of the Mohave Ground Squirrel. Their data "provided little 
evidence that these seeds are a consiste~t ,or substantial part of the MGS 
diet. There may be several possible explanations. Yucca [brevifolia] has one 
of the largest seeds found on our s,tudy sites. The si-ze of the seed or 
thickness of the seed coat may make it possible or necessary for MGS to open 
the seed and eat the endosperm while'discarding the seed coat, the portion 
which is identifiable in microhistological analysis. Another possibility is 
that MGS may store the seeds and consume them at a season fOr which we have no 
food habits data" (Leitner et al. 1991). 

In summary, studies of the food habits of the Mohave Ground Squirrel have 
shown that the species may follow a pattern of specializing on single food 
items or a ~attern of individual preferences. Abundance and water content of 
food items appear to be important factors in selection. Chosen foods are 
leaves of forbs, shrubs, and grasses; fruits and flowers of forbs; seeds of 
forbs, grasses, shrubs, and Joshua Trees; .fungi; and arthropods. 

Reproduction. Little is known about reproduction (processes .or behavior) of 
the Mohave Ground Squirrel. Burt (1936) noted that a "female taken March 29, 
1931, contained 6 embryos measuring from 31 to 36 mm. in length. Another 
female, taken April 12, was suckling young. Her uterUs showed that she had 
but recently given birth to young ones." Recht (pers. commun.) has described 
his observation on the reproductive behavior of the squirrel, based on a small 
sample size. He found that males typically emerged from estivation in 
February up to two weeks before females. Some males each established a 
defended territory against other males. Three to four females individually 
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entered a male's territory and occupied burrows close to the burrow of the 
male. The male and one female entered his burrow, in which they remained for 
up to half a day. Presumably, copulation occurred therein. Afterthey 
emerged from the burrow, the female remained another day or so in the male's 
territory and then left to establis~ a home range. , Other' females repeated the 
sequence of individually entering the male's burrow and spending a short 
period of time with him before departing. After a gestation period of 29-30 
days, the young were'born in the female's burrow. The young animals appeared 
above ground at the age of ~o days to two weeks. There appeared to be no 
agonistic (combative) behavior between males and females during the short time 
that they were together; 'after this period each female had established her own 
home range and all animals were solitary. 

Leitner et al. (~99~), citing unpublished information from M. Recht, stated 
that Mohave Ground Squirrels "mate soon after emergence from hibernation and 
that litters of 4-6 young are born after a gestation period of 28-30 days. 
The juveniles are active above ground and can be captured in live traps by 
early May. In late May and June 1988, we [Leitner et al. 199~] captured large 
numbers of juvenile MGS on all four study sites [in the Coso Known Geothermal 
Area] and noted that adult females showed evidence of recent lactation. In 
the two following years, we captured no pregnant or lactating MGS females in 

, March and April and found no juvenile MGS present in late May and June. It 
seems likely that the low, levels of fall and winter precipitation' and the 
resulting poor production of annual plants led to reproductive failure in the 
MGS populations of the Coso region during~989 and 1990. While reproduction of 
AGS occurred in ,1989, the more severe, conditions of ~990 were accompanied by 
lack of reproduction in this species as well." 

Citing reproductive data for ground squirrels (genus Sper.mophilus) generally, 
Nowak (J.:99~) stated that "females are monestrous [having one period of 
receptivity to males each yearl and 'normally 'bear only one litter per year; 
mating takes place shortly after emergence [from hibernation/estivation] ... ; 
the gestation period is 23-3~ days; litter size is 2-~5 ... ; the young are 
weaned at about 4-6 weeks and emerge from the burrow'shortly hereafter; and 
full size and sexual maturity are attained at about 1~ months." "Reynolds and 
Turkowski (1972) [not examined] found litter size in S. tereticaudus to 
average 9.0 following a relatively heavy winter rainfall but only,3.3 after a 
dry winter." Nowak (~99~) also wrote that "DUnford (1977) [not examined] 
reported S. tereticaudus to ,be sociable and nonterritori'al from January to 
March but to become unsociable and territo,rial during the breeding season. 
Females, tended to dominate males subsequent to mating.' Young males dispersed 
from their mother's territory, but young females maintained a close 
relationship with the mother and eventually took over part of her territory." 

Interactions with antelope sauirrels. The geographic range of the Mohave 
Ground 'Squirrel also is occupied .by another ground squirrel of the genus 
AInmosperrnophilus, the White-tailed Antelope Squirrel (A. 'Ieucurus),., The two 
species have similar habitat requirements and, food habits. zembal et al. 
(1979) believed 'that Mohave Ground Squirrels and antelope squirrels in their 
study area near Coso Hot Springs both demonstrated "a high preference for 
seeds of the Joshua Tree." These authors described interaction between the 
species as follows: "Antelope ground squirrels were ... highly active in the 
harvesting of Joshua tree seeds but subordinate in this pursuit to the Mojave 
[sic] ground squirrel in each 'of the 27 antagonistic encounters witnessed. As 

many as seven antelope ground squirrels were observed in a single tree at the 
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same time. Both species of ground squirrels were frequently observed in a 
single tree but without aggression only when they were in large trees with 
several widely separated fruit clusters available. Antelope ground squirrels 
seldom closely approached a Mojave [sic] ground squirrel. In one small tree 
(approximately 8 feet tall) with a single trunk and one cluster of fruits, an 
antelope ground squirrel managed to feed only while the Mojave [sic] ground 
squirrel actively utilizing the tree was in its burrow. The sight of the 
Mojave [sic] ground. squirrel coming upon the tree elicited a hasty retreat out 

. of the tree by the antelope ground squirrel. This same antelope ground 
squirrel attempted many times to enter the tree, appearing unaware that the 
Mojave [sic] ground squirrel was perched at the fruit cluster. In the span of 
2 hour and 42 minutes, the antelope ground squirrel retreated upon sighting 
the Mojave [sic] ground squirrel nine different times, four of these after a 
foot or two ascent into the tree, then was chased clear to the ground after' 
climbing unaware within a foot of the Mojave [sic1 ground squirrel five 
different times; it was displaced with only a sl~ghtmove by the Mojave [sic] 
ground squirrel at close quarters in the tre~ four different [times]" (Zembal 
et ai. 2979). 

Adest (2972) described the interspecific behavior of the Mohave Ground 
Squirrel and antelope squirrel, as recorded in a laboratory-setting. 
Interaction between two awake animals of .both species almost always consisted 
of. a charge by the Mohave Ground Squirrel and a retreat by the antelope 
squirrel .. On other occasions the Mohave Ground Squirrel assumed a threatening 
posture without charging. 

Leitner and Leitner (2989) found in 2988 at their study area in the Coso Known 
'Geothermal Area that antelope squirrels preferred forbs on study sites 2, 2, 
and 3. As was shown earlier in this status review, Mohave Ground Squirrels 
preferred forbs on the four study sites in 1988. The mean home range size of 
the antelope squirrel over all four study sites in 2988 was 2 . 43 hectares, . 
twice that of the Mohave Ground Squirrel (Leitner and Leitner 2989). These 
authors concluded that the "diets of the two ground squirrel species were 
broadly similar, with forbs providing the majority of their food. Shrubs and 
grasses made muchsmal+er contributions, . while arthropods were a minor but 
consistent component. [The diets] differed in the relative proportions of 
foliage and seeds taken, however. The MGS consumed a high percent of forb 
foliage, with seeds of forbs and shrubs the next most important food category. 
Seeds, primarily from forbs and shrubs, were the .dominant component of the AGS 
[antelope ground ~quirreT] diet, followed by forb foliage" (Leitner and 
Leitner 1.989). 

In March 2989 Leitner and Leitner (2990) found on site 3 that antelope 
squirrels took 45% Grayia leaves, 25% arthropod parts, and 29% forbs, while 
Mohave Ground Squirrels took 90% Grayia leaves. In April 1989 on site 3, 
antelope squirrels took 056% .forb foliage . and seeds, 1.71- arthropod parts., 23% 
roots, and 20% shrub leaves and seeds. In the same period Mohave Ground 
Squirrels took 68% forbs, 26% shrub leaves and seeds, and nearly 20% roots. 
In June 2989, the diet of the antelope squirrel on site 3 shifted again, 
largely to shrub seeds. Lycium seeds (35%), Opuntia stems (27.5%), Opuntia 
seeds (27%) and arthropod parts (9. 5%) were the predominate items.. In the 
same period on site 3, Mohave Ground Squirrels used nearly 74% Lyciurn seeds. 
Lei'tner and Leitner (2990) believed that the patterns of antelope squirrel 
food-selection in 2989 showed "some similarities to the patterns found for MGS 
'during the same period: shrub leaf was the most· important early silring 
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forage, followed by forbs in the mid-spring and seeds in the early summer. 
The predominant food item, Grayia leaf, was the same for both species in 
March, Monardella and Gilia/Linanthus leaf were important to both in April, 
and Lycium fruits were important in June. This suggests more forage overlap 
than was found in 1988; again, the extremely limited variety of forbs and 
seeds may force more dietary overlap between AGS and MGS during poor forage 
years." Mean home range size for antelope squirrels at Coso in 1989 was 1.74 
ha. "80 few data on home range size were available for MGS in 1989 that 
interspecific comparisons cannot be made" (Leitner and Leitner 1990) . 

. In their 1990 study, Leitner et al. (1991) found that antelope squirrels at 
site 3 in March and April took nearly 75% shrub leaves, nearly 14% arthropod 
parts, and over 10% forb seeds and leaves. Mohave Ground Squirrels took over 
92% shrub leaves in March and nearly 89% shrub leaves in April at site 3 .. In 
1990 Leitner et al. (1991) found for their study sites at Coso that mean home­
range size for antelope squirrels was 1~52, ha. This is consistent with the 
findings for 1988 and 1989, and is almost four times the mean home-range size 
for Mohave Ground Squirrels in 1990. The data for both species were based on 
captures using live-traps, as were data for 1988 and 1989. The 1990 number of 
0.43 ha for the Mohave G,round Squirrel is less than 25% of the mean size 
calculated for the same year using the minimum-convex-polygon method (1.92 
hect~res). Leitner et al. did'not speculate as to which method of estimation 
might reflect the more accurate home range size, but noted that "given the 
small number of locations a,vailable from trapping data', this method [of 
estimating a home range by drawing an ellipse around all trap stations at 
which an animal was captured] was expected to produce significantly smaller 
estimates of home range than those deriv:ed 'from the radio-tracking technique" 
(the'polygon method). 

The studies at ,Coso over several years indicate that the Mohave Ground 
Squirrel and the antelope squirrel have similar food habits, although the 
Mohave Ground Squirrel tends to specialize over a season's time while the 
antelope squirrel is more general. in food selec,::tion. This dependence on 
similar food resources is evident only in the spring and earlY,summer, because 
the Mohave Ground Squirrel enters estivation as vegetation dries out ,and food 
becomes scarce (Ingles 1965). The antelope squirrel evidently does not enter 
torpidity; it can be active above ground all year (Bartholomew and Hudson 
1960). During the time of year when both species are active, the smalier 
antelope squirrel seemingly is dominated in local foraging situations by the 
Mohave Ground squirrel. 'While the Mohave Ground Squirrel is'a solitary animal 
(Bartholomew and Hudson 1960), the antelope squirrel is colonial. The 
antelope squirrel's daily activity in maintaining social bonds within the 
colony and in foraging as a generalist requires a higher food-energy intake 
than the Mohave Grouna Squirrel (M. Recht pers. commun.). The higher energy 
requirement probably accounts for the larger home range in which to find food,. 
In the 1989 study at Coso, Leitner and Leitner (1990) noted that, while the 
Mohave Ground Squirrel completely ceased reproduction, the antelope squirrel 
showed a decrease in the number of juveniles from 1988 only at one site., The 
paucity of annual herbs "appeared to affect overall AGS'populations 
surprisingly little. Data from the food habits study suggest that AG8 largely 
depend on seeds as' a food resource", which "carries over from year to year and 
can be harvested long after it is produced .... n The Mohave Ground Squirrel, 
"on the other hand, depend[sJ primarily on the current year's growth of green 
foliage and fruits from both herbs and shrubs. In the Mohave Desert, this 
food supply is quite erratic because of ' great year-to-year variation in 
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'precipitation. The species shows adaptation to a highly variable food supply 
by estivation and hibernation during those periods of the year when green, 
forage is less available, and by cessation of reproduction during extremely 
unfavorable years." 

Thermoregulation. Recht (J.977) found that Mohave Ground Squirrels were active 
throughout the day in the heat of summer. However, a sharp decrease of 
activity in direct sunlight was noted in the morning when soil and air 
temperatures receiving direct sunlight reached 46.5°C, and 35.5°C, 
respectively. "In the morning the transition from activities in the sun to 
those in the 'shade involves the use of the behavior termed 'cooling-in-shade'. 
Initially the squirrels use this behavior only occasionally, runningquick~y 

back into the sun to continue their previous activity. As the morning 
progresses and ambient temperatures increase, these trips into the sun 
decrease and eventually the transition of their activities from sun to shade 
is complete" (Recht J.977). The "cooling-in-shade" behavior results after a 
squirrel had been active in direct sunlight. Recht (1977) stated that a 
squirrel typically ran into the shade of a shrub and initially lay prone with 
the forelimbs extended: forward. The animal then dug briefly, creating a small 
depression into which it pushed its lower jaw: The neck was pushed through 
the depression and the chest came to rest in it. The forelimbs were extended 
forward, the head rested on the ground in between the forelegs, and the 
hindlegs were either extended rearward or flexed under the animal. 

By mid-day the availability of shade was almost non-existent due to the sun's 
position overhead, and the temperature "in the little shade that exists is at 
or just beyond the, upper limit of [the Mohave Ground Squirrel's] thermal 
neutral zone. To avoid being heat [-] stressed by the sun [,] the animals 'must 
continue their activities inside bushes or in their burrows" (Recht 1977) . 
The shrubs (= bushes) provided protection from direct sunlight, and the air 
temperature within them was up to 2°C cooler than in the air of open shade. 
Burrows were even cooler. In the afternoon the morning's behavior of the 
squirrels was ,reversed; squirrels increased the amount of time spent in open 
shade and then in direct sunlight. Recht (1977) commented that casual 
observation of Mohave Ground squirrels during a summer day might lead an 
observer to conclude that this species had morning and afternoon periods of 
act'i vi ty , with no acti vi ty in midday. However, the squirrels were active in 
midday, l::1utnot in the open.' They are cryptically colored [camouflaged by 
having a fur, color ,very similar to the background color of the desert surface] 
and easily obscured by vegetation; burrow entrances were beneath shrubs, so ' 
squirrels could pass from burrow to shrub without being seen. 

Mohave Ground Squirrels also used a specific behavior to warm their bodies 
during, the cooler parts of its above-ground period. Recht (1977) called the 
behavior "basking" and described, it. The squirrel either sat just outside the 
burrow entrance on its rump with the head held ,horizontally or (later), lax 
flat with 'foreliinbs extended forward and the head horizontally between the, 
fo'relimbs. During basking, the squirrel ,changed its orientation to the sun to 
fully expose ~:me side, the back, or the other side. When a squirrel emerged 
from a burrow to begin basking, the fur on the sides, back, and rump was fully 
piloerected (the hairs were standing str'aight out from the body), exposing the 
darkly melanistic skin. ' As j:.he squirrel warmed by sequentially presenting its 
sides and back toward the sun, the degree of piloerection decreased. When an 
animal presented one side of i'ts ,body toward the sun, it was that side which 
hadpiloerected fur. The non-exposed side was not erected. In spring when 
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the sun was lower in the sky, the length of time spent in basking was greater. 
Hoyt (J.972) observed a Mohave Ground Squirrel in June J.972 "sitting' upright 
and motionless with its back to the sun for 45 minutes one morning. The air 
was cool, the sun quite warm, and a slight breeze was blowing. The back of 
the animal appeared darker tha,n normal, and the animal may have been 
, basking' ~ " 

Predators. Natural predators of the Mohave Ground Squirrel are not well 
documented, but most likely include the common diurnal avian and mammalian 
predators of the Mojave Desert. These are the Golden Eagle, Prairie Falcon, 
Red-tailed Hawk, American Badger, Bobcat, and Coyote. Leitne~ et al. (1991) 
found circumstantial evidence that six of 12 radio-collared Mohave 'Ground 
Squirrels were taken by predators. The collars of three squirrels "were' found 
on the ground with evidence of predation in the form of blood or tooth marks. 
Signals from the radiocollars 6f two other [squirrels] were .located about 3' 
[kilometers] north of the study area near a prairie falcon eyrie. In 
addition, the radiocollar of [a sixth squirrel] 'was found on the ground with 
coyote tracks in the vicinity" (Leitner et al. 199J.). M. Recht (pers. 
commun.) believes that rattlesnakes also are predators of Mohave Ground 
Squirrels. He found a dead squirrel with punc'ture wounds lying adjacent to a 
snake's track that he states were consistent with the track ,of a Mojave 
Rattlesnake. 
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ALTERNATIVES TO THE PETITIONED ACTION 

The Department's review of the status of the Mohave Ground Squirrel indicates 
that the continued existence of the species is likely to become endangered at 
least in major portions of its geographic range in the foreseeable future in 
the absence of special protection and management efforts required by CESA and 
that continued listing as a Threatened species is appropriate. 

If the Commission should choose to delist the Mohave Ground Squirrel as a 
Threatened species, this mammal would be deprived of the protections provided 
by CESA, especially the provisions for consultations between the Department 
and State lead-agencies on State projects and the provision prohibiting taking 
in private projects without a management permit from the Department. (See the 
discussion of CESA in the section of this status review entitled California 
Endangered Species Act.) If the squirrel is delisted, the Department would 
place it on the list of birds and mammals of special concern. That list has 
no legal standing but demonstrates the Department's concern about the status 
of those species in California. For some animals on the list, there is enough 
information to support the Department's opinion that these species should be 
listed as Threatened or Endangered species. The Mohave Ground Squirrel would 
fit into that category. As an endangered or rare species by definition (CEQA, 
Guidelines, Section l53BO), the squirrel would continue to have the 
consideration of CEQA in the project-review process. However, species that 
are not State-listed do .not have the recognition and stature of those which 
are formally listed, and that lesser status may mean that the squirrel would 
receive less consideration by CEQA lead agencies. In any case, it is apparent 
that project-planning under CEQA within the geographic range and habitat of 
the squirrel has giv.en little consideration to the cumulative effects "on the 
specie"s of development" over the years since enactment of CEQA in 1973. (See 
discussion of CEQA in the section entitled California Environmental Quality 
Act. ) 

The Department is concerned that if the Mohave Ground Squirrel is.delisted, it 
would no longer be ~ target-species for special consideration under the West 
Mojave Coordinated Management Plan. The· squirrel was included along with the 
Desert Tortoise as one of the two target-species in that mUlti-agency planning 
process because the squirrel is State-listed as Threatened. (See the 
discussion.of this planning process under Management Activities in this status 
review.) In the event that the squirrel is reta.ined as an equal target­
species in the plan after delisting, the absence of a State listing could 
result in ·theincreased opposition of advocacy groups to land-use restrictions 
in management areas designated for the squirrel. If the squirrel remains as a 
target-species in the plan and land-use restrictions in management areas are 
maintained as proposed in the plan, a period of evaluation of some years after 
implementation of the plan has begun will be necessary in order to determine 
whether theprov.isions of the plan actually are succeeding to. protect habitat 
of the squirrel. 

The results of biological monitoring programs established throughout the range 
of the squirrel as part of the plan's implementation must be known before a 
conclusion can be reached about the plan's effectiveness. In addition, the. 
ability of the land-management and regulatory agencies to enforce the plan'S 
prescribed restricted land-uses must be known. The record of participating 
cities and counties in achieving consistent conformity with the plan must be 
known. 
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If the Commission retains the listing of the Mohave Ground Squirrel, the 
Department will assess the status of the species and report to the Commission 
annually. In addition, the Department will prepare another status-report on 
the spec±es no later than 1998, which is consistent with the requirement of 
Section 2077 of the Code that the status of a Threatened species or Endangered 
species be reviewed every five, years. At that time, if the West Mojave plan 
has been completed, acdepted by the Department and the U.S. Fish and Wildlife 
Service, and implementation has begun, information on the effectiveness of the 
plan in protecting habitat of the squirrel will be known and wi~l be reported 
to the Commission. 

The De'partment intends to obtain funding for a study to determine 
in which locations the Mohave Ground Squirrel still exists in the 
portion of its range from Antelope Valley east to Lucerne Valley. 
on the availability of funds, this study will be done even if the 
the squirrel is not retained. 

whether and 
southern 
Depending 

listing of 

In the event that the West Mojave plan is not completed or fully implemented, 
or that the Department does not accept the plan as providing for the long-term 
protection of the Mohave Ground Squirrel and its habitat, the Department 
believes the species will continue to decline. If the plan is accepted and 
implementation begins, it will be some years before interested parties can 
reach a conclusion about whether habitat loss, fragmentation, and degradation 
have been arrested. In the meantime, it is important that the Mohave Ground 
Squirrel continue to receive the protection of CESA. 

If the Commission retains the listing of the Mohave Ground Squirrel but the 
West Mojave plan is not completed, accepted, or implemented by all ' 
participating agencies, the Department' will establish a recovery team and 
prepare a recovery/management plan for the squirrel. Such a team and plan 
will not be necessary if the listing is retained and the West Mojave plan is 
accepted by the Department and implemented by, all participating agencies, 
because management actions required by the Department in the West Mojave plan 
would be sufficient to protect the species after,full implementation. Thus, a 
separate recovery plan would duplicate the West Mohave plan. 

Without the enforcement of the take provisions of CESA, without the 
cooperation of local, State, and federal agencies in implementing conservation 
actions, and in the absence of'a federal listing for the squirrel which 
provides the protection o"f the federal Endangered Species Act, the habitat of 
the Mohave Ground Squirrel is certain to continue to be incrementally , 
destroyed, fragmented, and degraded. (See discussion of these factors in the 
section on Threats.) The Department must assume that all private land within 
the range,of the squirrel, about 36% of the total, will. be developed. The 
species will decline further until populations are no longer capable of 
sustaining themselves. Eventually, range-wide extinction will occur. 

An argument advanced by those in favor of delisting the squirrel is that the 
species surely will benefit wherever the Desert Tortoise is protected by 
federal actions on a project-by-project basis' or in an implemented West Mojave 
plan. Because the squirre~ and the tortoise share some of the same habitat in 
the geographic range of the squirrel, it is conceivable that some squirrel 
populations ~ould benefit if tortoise habitat is protected in local areas. 
However, the tortoise is patchy (not continuous) in distribution within its 
range as is ,the squirrel i the p'robability that a local protected area for the 
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tortoise on a project site would also overlap a population of squirrels may be 
small. Protection of tortoise habitat on a ~arge sqale, as in the west Mojave 
plan, provides a much better chance that significant habitat of the squirrel 
also would be protected. However, this is true only in the central portion of 
the squirrel's range. The northern portion of the range does not overlap with 
the geographic range of the tortoise. In the West Mohave plan, management 
areas with restricted land uses being designed for the squirrel and the 
tortoise do not always overlap. ,These areas, called A-zones, are being 
designed separately £or each species, using specific criteria on occurrence 
and quality and quantity of habitat. Thus, A-zones established specifically 
for the tortoise will not provide the pattern, numbe~, and quality of 
preserves (management areas) necessary to protect the Mohave Ground Squirrel 
in the long-term. 

In summary, the only alternative at present to the petitioned action which 
would provide protections equivalent to those of CESA is the continued listing 
of the Mohave.Ground Squirrel. Eventually the West Mojave Coordinated 
Management Plan may provide these protections, but success of the plan will be 
measured by biological monitoring programs over time and by the degree of 
cooperation demonstrated by participating agencies over· time. In the period 
be'fore a conclusion can be reached about success of the plan's management 
prescriptions for the species, the Mohave Ground Squirrel must continue to 
receive the protection of CESA through its legal standing as a State-listed 
species. 



ECONOMIC CONSIDERATIONS 

Maintaining the Mohave Ground Squirrel as a State-listed spe~ies would 
continue the protection of CESA and CEQA. If the squirrel is delisted as a 
Threatened species, then the protections of CESA would no longer apply. 
However, CEQA would continue ·to apply because the status of the species would 
fit the CEQA definitions of a rare or endangered species. The Department also 
would place the Mohave Ground Squirrel on its list of birds and mammals of 
special concern (a working list without legal standing) and recommend that 
local and state agencies, in their capacity as lead agencies under CEQA, 
consider the conservation needs of the squirrel. 

Required mitigation as a result of lead agency actions under CEQA, whether or 
not the.Mohave Ground Squirrel is delisted by the Commission; would continue 
to add to the cost of a project .. Such costs may include, but are not limited 
to, preparation of an economic impact report, development of a management 
plan, purchasing or 'restoring additional habitat, .and long-term monitoring of 
mitigat.ion sites. Project modification to avoid impacts may be a less costly 
alternative than implementing other required mitigation. Avoidance of impacts 
is the Department's preferred 'recommendation in project review whenever 
possible. The total expenses incurred in hiring consultants, preparing 
management plans, purchasing or restoring habitat, and long-term monitoring 
may be more costly than setting aside Mojave Desert habitat for the squirrel. 
Lead agencies may also require additional measures to be employed should the 
project mitigation fail, resulting in additional expenditures of funds by the 
project proponent. 

Whether or not the listing of the Mohave Ground Squirrel as a Threatened 
species is maintained, there may be additional expenditures of funds for 
purchase of privately owned habitat by the Department and other agencies. The 
acquisition of such habitat is considered a necessary recovery action for this 
species. 

The petition to delist the Mohave Ground Squirrel stated that the listing of 
the species "is having a significant impact on the economic growth of eastern 
Kern County," in·regard to· the development of private lands inhabited by the 
animal. The petition claimed, without document'ation, that "[e] fforts by 
private property 'owners to subdivide properties into residential homesites· is 
being inhibited by'DFG mitigation requirements that are inconsistent, unclear, 
cost prohibitive, and lack a clear scientific basis. Other. forms of 
development activity which are important to the economic prosperity of eastern 
Kern County have also been delayed or stopped as a result of the State listing 
and resultant mitigation requirements." The petition also mentioned that, 
during the proceedings in 1971 in which the Commission considered classifying 
the Mohave Ground Squirrel as Rare, there had been expressed concern about the 
squirrel being involved in crop depredation. 

As is discussed in the Petition History section of the Introduction in this 
status review, only scienti'fic information as specified by Section. 2072 . 3 of 
the Code must be considered in any recommendation by the Department, or any 
decision by the Commission, to list or delist a species. Economic factors are 
not a consideration under CESA. However, it is the Department's policy in the 
preparation of a status review to include a section on economic 
considerations. Thus, the Department requepted in an October 13, .1992 letter 
to Ted James that the County of Kern provide "specific information about which 
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projects have been [affected] by the listing of MGS, the amount of acreage 
involved, the location of these projects, and the time scale in which these 
projects would be completed were MGS not a factor" (Woodward J..9.92). The 
Department's letter also asked for "specific information and data about crop 
losses. in Kern County due to MGS and any efforts for controlling such losses" 
(Woodward J..9.92) . 

In response to the Department's request for information on economic impacts 
and crop depredation, we received the following statements in a letter from 
the County of Kern (James 1992): "We will not be able to easily answer your 
inquiry on which projects have been affected by the MGS. Detailed data had 
been researched for the original submittal of the delisting petition, and 
considerable time, effort, and expense would have to be expended to duplicate 
our original inventory. We will continue to look into your request for this 
material. 

"Data regarding crop losses in Kern County due to MGS are not available 
through our local Agriculture Department. The statement, appearing in the 
delisting petition was not referring,strictly to Kern County but to other 
jurisdictions as well as the statement came from the California Department of 
Agriculture at the May 2, 197J.., Fish and Game Commission hearing in Sacramento 
for the original listing of the MGS. The minutes of this meeting indicated 
that the Agriculture Department submitted correspondence requesting omittance 
[sic] of the MGS (et al.) from the listing process as 'they [MGS et al.J are 
allegedly involved in crop depredation in some areas'. ' " 

:It is 'interesting to note the 'County of Kern's statement that detailed 
information of financial impacts on projects by the Mohave Ground Squirrel had 
been gathered in the preparation of the petition. The information was not 
submitted with the petition in November 1991, although the petition claims "a 
significant impact on the economic growth of eastern Kern County," nor, 
apparently, can it be easily gathered now (see next paragraph). The 
Department believes that the CoUnty's claim of significant impacts is 
exaggerated. We acknowledge that some property owners have been required to 
mitigate for destroying Mohave Ground Squirrel habitat in the course of 
project development.' The mitigation agreements have been prepared as part of 
CEQA review and the Section 2081 ,permit-process. Section 2080 of the Fish and 
Game Code prohibits the take of the Mohave Ground Squirrel and other State­
listed species. It is the responsibility of the private party doing the 
taking to provide for compensation for the loss of a State-listed animal or 
plant through implementing the provisions of, a management agreement with the 
Department. 

As this status review was being completed i~ late March 1993, the Department 
did receive .from the County of Kern a letter (James 1993) accompanied by a 
list, of projects in which, according to the letter, property owners had to 
incur costs or were, subject to costs related to the Mohave Ground Squirrel. 
The'costs were for biota reports (reports on biological resources occurring on 
a project site, which are required by the local lead agency) or for compliance 
with required mitigation. The letter stated that "226 land development 
projects totaling over ~1.,000 acres have been affected by mitigation 
requirements" (James 1.993). Neither the letter nor the attached list 
indicated which of these projects had actually incurred the proposed costs or 
what the dollar amounts of any costs were. There was no indication that any 
incurred costs have amounted to a "significant i~pact" as stated in the 
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petition. The County of Kern requires biota reports from property owners in 
the desert for sensitive-species issues other than for the Moh~ve Ground 
Squirrel. Also, affected property owners must comply with mitigation 
requirements for the Desert Tortoise. Thus, the Department has no information 
on what costs actually have been incurred specifically because qf the squirrel 
and no information on'whether these costs have had a "significant impact." 

If taken as fact, the County's claim t~at many property owners are proposing 
to develop their properties is evidence of the threat in the squirrel's 
habitat and under~cores the need for continued legal protection of the 
species. Also, property owners are being required to mitigate for destruction 
of habitat of the Desert Tortoise, a State- and federally listed species; the 
mitigation has an economic impact separate from that for the Mohave Ground 
Squirrel but it may be confusing the issue as to which mitigation really is 
having a major economic impact. 

The petition stated that CEQA is an existing program that "can adequately 
manage species habitat until such time that scientific studies actually merit 
the species listing." This overstates the limitations of CEQA, which 
primarily requires that .impacts to an endangered species be identi'fied and 
avoided if possible. There is no management function in CEQA given to the 
Department. Enforcement'of the provisions of CEQA is left to the iead agency, 
which.in the case of most development in the range of .the Mohave Ground 
Squirrel is the county or city government. As the petition further stated, 
the Department "reviews and comments on local agency CEQA documents. This 
program provides an opportunity for the DFG to review project-specific effe~ts 
on wildlife such as the MGS." These are t,rue statements, but the Department 
has no authority under CEQA to require that ·the local lead agency fully 
consider alternatives to a proposed project, choose the best.alternative for 
wildlife, deny the project, brimplement specific mitigation recommendations. 
In fact, the locai lead agency has the authority under CEQA to make findings 
of "overriding considerations" (CEQA Guidelines Section J.5093) . 

The Department began applying theSection-20BJ.-permit provisions of CESA to 
habitat of the Mohave Ground Squirrel in·J.9B7. (See discussion Under Section 
20BJ. Permits in this status review.) Property owners and developers had not 
been required by local lead agencies to seriously consider the conservation of 
the squirrel in eastern Kern County up to that time, despite the fact that 
CEQA had been in effect since J.973. 
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CONCLUSIONS 

Based on this status review of available scientific information and the 
written comments received in response to the Department's public notice, the 
Department concludes that the Mohave Ground Squirrel is likely to become 
endangered in the foreseeable future in the absence of special protection and 
management efforts provided by CESA, due to habitat loss, habitat 
fragmentation, and habitat degradation. A species existing under such 
conditions is a Threatened species,. according to CESA (Section 2067, Fish and 
Game Code). The squirrel is adapted to the desert scrub habitat of virtually 
all plant community types in the western Mojave Desert; The quality and 
quantity of habitat have declined despite the squirrel's being listed as a 
Threatened (Rare before 1985) species since 1971. However, certain current 
management practices such as the Coso Mitigation Program and the issuing of 
Section 2081 management permits by the Department (see the discussions of 
these programs in the Management Activities section of t.his status review) 
indicate that it maybe possible to forestall much further decline if these. 
and similar activities are a~plied successfully across the geographic range of 
the squirrel. 

The multi-agency West Mojave Coordinated Management Plan may provide 
protection of habitat throughout much of the. range of the squirrel, but some 
years will pass after adoption of the plan, acceptance by the'Department and 
the ·U.S. Fish and Wildlife Service, and implementation begins before 
conclusive evidence that the'plan is successful can'be obtained. The plan is 
in the conceptual stage; a draft soon will be reviewed by the participating. 
agencies. The military bases and the County of Los Angeles have not yet 
committed to formally participate in the planning- effort. withoutthe 
participation of all agencies which have jurisdiction for permitting land­
uses, the plan cannot be fully implemented. This is because the Department 
and the BLM have no authority to regulate uses on private land. The . 
,participation of local agencies is necessary to implement the plan on private 
land. The participation of the military bases is especially critical, because 
much unfragmented habitat of the Mohave Ground Squirrel exists on military 
lands as well as on public lands administered by the,BLM; yet, no military or 
other federal agency is legally obligated to protect any of that habitat for 
the squirrel. Participating in the plan and signing a Memorandum of 
Understanding which defines the responsibilities of participating agencies 
will establish a legal obligation for each signatorY agency. 

The geographic range boundary for the Mohave Ground Squirrel recently has been 
redrawn to reflect the situation that the species seems no longer to exist in 
the western part of the Antelope Valley in Los Angeles County. (See 
discussions in the sections on Threats and Distribution and Abundance.) The 
species also may no longer be found in substantial portions of the Victorville 
area. Between these two areas in Los Angeles and San Bernardino counties, the 
pattern of urban and rural development gives great cause for concern about the 
continued existence of the squirrel in a broad band across the southern 
portion of .is range. Continued destruction, fragmentation, and degradation of 
habitat may cause the .extirpat.ion (local extinction) of the Mohave GroUnd 
Squirrel in that region. The definition in CESA (Section 2062 of, the Code) of 
an Endangered species is one which is "in serious danger of becoming extinct 
throughout all, or a significant portion, of its range". The Department does 
not have sufficient information at this time' to form a judgment about the 
ultimate effect of habitat loss, fragmentation, and degradation on the 
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continued existence of the squirrel in the southern portion of its range. 
Therefore, we are unable to conclude at this time that the species deserves 
Endangered status. However,Jin the Department's professional judgment, the 

"Mohave Ground Squirrel's situation clearly Iits the definition of a State 
Threatened species. 
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RECOMMENDATIONS 

PETITIONED ACTION 

The Department recommends that the Commission should find that the petitioned 
action to delist the Mohave Ground Squirrel as a Threatened species is not 
warranted at this time. 

RECOVERY AND MANAGEMENT ACTIONS 

The Department's objective in conservation of the Mohave Ground Squirrel is 
the complete protection of habitat sufficient in size, pattern of 
distribution, and quality to enable the Mohave Ground Squirrel to survive in 
the long-term. In order to achieve this objective, habitat must be protected 
throughout the geographic range of the species in a pattern that allows gene 
flow (the transmission of inheritable characteristics) from population to 
population, and that allows populations to be self-sustaining. Protected 
habitat must be free of incompatible land uses and human practices on a large 
scale. Achievement would be measured by a program which monitors the 
biological status of the squirrel and of its habitat, and which tracks the 
success of restricting incompatible land-uses. When the Department finds that 
significant progress toward recovery of the squirrel has been achieved through 
habitat protection, a recommendation to the Commission in a status report 
regarding reclassifying or delisting the species will be made. 

In order to achieve the recovery objective (that of protecting habitat in 
which the Mohave Ground Squirrel can live in self-sustaining populations over 
the lC?ng-term), the following actions (not in priority) must be taken: 

~. Continued participation. by the Department in the multi-agency West Mojave 
Coordinated Management Planning process to aid in the design of 
management areas or zones for the squirrel and, to develop a list of 
compatibl~ land uses for these areas. 

2. participation by the U. S. Navy, U. S. Army, U .. S. Air Force, and all 
appropriate State and federal agencies, counties, cities, and special 
districts in the West Mojave Coordinated Management Plan. 

3. In the event that the West Mojave plan is not completed, accepted .by the 
Department and Fish and Wildlife Service, and implemented: 

a. Identification by the BLM, in cooperation with the Department, of 
existing large areas of desert scrub vegetation under its control 
which can have land-use restrictions put in place for protection of 
the squirrel and other animals and plants, and formal establishment 
of these protected areas. 

b. Identification, in cooperation with the BLM and the Department, by 
the Navy at China Lake Naval Air Weapons Center, the Army at the 
National Training Center and Fort Irwin, and the Air Force at Edwards 
Air Force Base of existing large areas of desert scrub vegetation on 
each base which can be set aside for the squirrel and other animals 
and plants while meeting the mission of the base, .and formal· 
establishment of the protected areas. 
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c. Establishment by the Army at the National Training Center and Fort 
Irwin of its proposed expanded troop-training area on public lands 
which do 'not have populations of the s.quirrel. The BLM, which 
controls' the public lands, .should deny any proposal by the Army to 
expand its' troop-training area to lands which contain such 

. populations. 

d. Management for the squirrel and co-existing animals and plants by the 
BLM on lands which it receives in fee-title as mitigation for non­
governmental projects on public lands. 

e. Continued application of CESA by the Department in minimizing the 
impacts of projects by State lead-agencies, and consistent, equitable 
application of CESA by the Department in the use of Section 2081 
management permits to achieve a net benefit for the species in each 
project. 

f. Establishment by the Department of a recovery team and preparation of 
a recovery/management plan for' the squirrel. 

4. Modification of livest;:ock grazing practices in essential habitat within 
the geographic range of the squirrel' on public lands managed by 
the BLM, on military land managed by the Navy, and on State lands managed 
by the State Lands Commission,'to eliminate the grazing of sheep where 
now permitted and .reduce the level of cattle grazing if it is found to 
negatively affect squirrel habitat in the studies at the Coso Known) 
Geothermal Area. 

5. Elimination of off-highway-vehicle activities in undesignated'areas on ' 
public and State lands within the range and in habitat of the squirrel. 

6. Restoration of disturbed native vegetation on the periphery of each new 
project site within the range and in the habitat of the squirrel on 
public and State lands as a condition of the permit for the project, and 
£ollow-upinspection by the permitting agency to determine whether the 
condition was met. 

7. Restoration by the permitting agencies of disturbed nati v,e vegetation on 
the periphery of each former project site within the range and in the: 
habitat of the squirrel on public and State lands for which restqration 
was not.a condition of' the' permit. 

8. Continuation by the Department and federal agencies of field studies 
throughout the range of the squirrel to determine preferred habitats 
(plant species, soils, slope, aspect·), size and distribution of 
populations, and life history elements such as juvenile dispersal. 

9. Development by the Department of a population viability analysis for the 
.squirrel to confirm minimum population size necessary for self-sustaining 
populations and, therefore, the minimum size of habitat areas. 

10. Restriction by the counties of the use of rodenticides within the range 
of the squirrel to areas not adjacent to, or within.a mile of, desert 
scrub vegetation. 

98 



LITERATURE/REFERENCES 
'. 

Aardahl, J. B., and P. Roush. 2985. Distribution, relative density, habitat 
preference and seasonal activity levels of the Mohave Ground Squirrel 
(Spermophilus mohavensis) and Antelope GroUnd Squirrel (Ammospermophilus 
leucurus) in the western Mojave Desert, California. U.S .. Bur. of Land 
Manage. rep., Calif. Desert Dist. (Riverside, CA), 24 pp + append. 

Adest, G. A. 1972. Intraspecific and Interspecific Behavior of 
Ammospermophilus leucurus and Citellus inohavensis. M. S. Thesis, Calif. 
State Univ., Los Angeles, 84 pp. 

Bartholomew, G. A., and J. W. Hudson. 1960. 
Squirrel, Citellus mohavensis. Chap. X 
Mus. Compar. Zool., Vol. J.24. 

Aestivation in the Mohave Ground 
in Mammalian Hibernation, Bull. 

Bontadelli, P. 1987. Letter of 06 Nov. 1987 from Acting Dir., Calif. Dep. 
Fish and Game (Sacramento, CAl to E. Hastey, U.S. Bur. Land Manage. State 
Dir. (Sacramento, CA), 3 pp. 

Bontadelli, P. 1989. Letter of 14 Sep. 1989 from Dir., Calif. Dep .. Fish and 
Game (Sacramento, CAl to R. Ashburn, Kern County Supervisor (Bakersfield, 
CA), 2 pp. 

Burt, W. H. J.936. Notes on the habits of the Mohave Ground Squirrel. J. 
Mamm .. :27 (3) :221-:224. 

Burt, ·w. H., and R. P. Grossenheider. .1976.. A Field Guide to the Mammals. 
Houghton Mifflin Co., Boston, 289 pp. 

Bury, R. B., R. A. Luckenbach, and S. D. Busak. ·1977. Effects of of.f:-road 
vehicles on vertebrates in the California desert. U.S. Fish wildl. Servo 
(Wash., DC), Wildl. Res. Rep. 8, 20 pp. + append. 

California Department of Fish and Game (CDFG). 
Report on California's Endangered.and Rare 
(Sacramento), first biennia·l rep., 99 pp .. 

2972. At the Crossroads: A 
Fish and Wildlife. CDFG 

California Department of Fish and Game (CDFG). 1980. At the Crossroads: A 
Report on the Status of California's Endangered and Rare Fish and 
Wildlife. CDFG (Sacramento), fifth biennial rep., 147 pp. 

Campbell, F. T.. 1988. The Desert Tortoise. Species account (pp. 567-582) in 
W. J. Chandler, ed., Audubon wildlife Report: 1988/J.989 (Nat. Audubon 
Soc.), Academic Press, San Diego, 817 pp. 

Chambers Group, Inc. (Santa Ana, CA). 2990. Final cumulative impacts study 
on the Desert Tortoise in the western Mojave Desert. Rep. to U.S. Army, 
Corps Engineers (Los Angeles), Vol. 1. 

Chesemore, D. L~, and D. Carroll. 1976. First record of Mohave Ground 
Squirrel (Ci tellus rnohavensis) in Kern County, California. Calif. F.ish 
and Game 62(2) :158-J.59. 

99 

./ 



ERC Environmental and Energy Services Co. (San Diego, CA). 1989. 
survey report of the gravity wave observatory site, Edwards 
Base. Rep. to Jet Propulsion Lab., Calif. Instit. Technbl. 
.CA) , 35 pp .. + append. 

Biological 
Air Force 
(Pasadena, 

Fitzner, R. E.; W. H. Rickard, J. Downs, andN. Cadoret. 1991. Biological 
assessment for a proposed microwave antenna research system, Fort Irwin, 
California. Battelle, Pacific Northwest Lab. (Richland, WA) rep. to Jet 
Propulsion Lab., Calif. Instit. Technol. (Pasadena, CA), 63 pp. + append. 

Franklin, K. 1988. Wildlife and the Bureau of Land Management. Chapter (pp. 
131-166) in W. J. Chandler, ed., Audubon Wildlife Report: 1988/198'9 (Nat. 
Audubon Soc.), Academic Press, 'San Diego, 81 7pp. 

General Accounting Office (GAO). 1~91. Rangeland manageinent: BLM's hot 
desert grazing program merits reconsideration. u.s. GAO (Wash., DC) Rep. 
RCED-92-12 to Chairman, Subcomm. on National Parks and Public Lands, 
Comm. on Interior and Insular Affairs, U.S. House of Rep." 68 pp. 

Gibbons, B. 1992. Memorandum of 24 Feb. 1992 from Director, Calif. Dep. ,Fish 
and Game ('Sacramento, CAl to R. R. Treanor, Fish and Game Commission 
Executive Director (Sacramento, CA), 3 pp.' 

Governor's Office of Planning and Research (GOPR). 1992. California 
Environmental Quality Act statutes and guidelirtes:1992. State of 
Calif., GOPR, Office of Permit Assistance (Sacramento), 256 pp. 

Grinnell, J., and J. Dixon. 1918. Natural history of the ground squirrels of 
California. Pp. 5-116 in W. C. Jacobsen, ed., California Ground 
Squirrels: A Bulletin Dealing with Life Histories, Habits and Control of 
the Ground Squirrels in California, Monthly Bull., Calif. State Comm. of 
Horticul ture ., 7 (~1 and 12) . 

Gustafson, J'. R. 
Calif. Dep. 
r,ep., 6 pp. 

19B7. , Five-year status report for Mohave Ground Squirrel. 
Fish and Game (Sacramento), Nongame Bird and Mammal Sec. 

Gustafson, J. R. 1992. Mohave Ground Squirrel. Species account (pp. 16-17) 
in Annual Report on the Status of California State[-]listed Threatened 
and Endangered Animals and Plants: ~991, Calif. Dep. Fish and Game 
(Sacramento), 193 pp. 

Hafner, D. J. 1992. Speciation and persistence of a contact zone in Mojave 
Desert ground squirrels, subgenus Xerosperrnophilus. J. Mamm. 73 (4) :770-
778. 

Hafner, D. J., and T. L. Yates. 19,82. Systematic status of the Mojave 
Ground Squirrel, Spexmophilus mohavensis (subgenus Xerosperrnophilus) . 
Lab. of Biomedical and Environ. Sci., Univ. Calif., Los Angeles, rep. to 
U.S. Dep. Energy. 

Hafner, D. J. and T. L. 'Yates. 1983. Systematic status of the Mojave 
G~ound Squirrel, Sperrnophilus mohavensis (subgenus Xerosperrnophilus). J. 
Mamm. 64(3) :397-404. 

100 



Hall, E. R. ~98~. The Mammals of North America. John Wiley & Sons, New 
York, second ed., Vol. I, 600 pp. + indices. 

Hall, E. R., and K. R. Kelson. ~959. The Mammals of North America. The 
Ronald Press Comp., New York, VoL I, 546 pp. + indices. 

Harrison, G. H .. ~992. Is there a killer in your house? Nat. wildL 
30 (6) :~O-B. 

Hastey, E. 2988. Letter of 22 Feb. ~988 from State Dir., U.S. Bur. Land 
Manage. (Sacramento, CAl to P. Bontadelli, Calif. Dep. Fish and Game Dir. 
(Sacramento, CA), 1 pg. 

Hastey, E. 2993. Letter of ~6 Mar. 1993 from State Dir., U.S. Bur. Land 
Manage. (Sacramento, CAl to T. Mansfield, Calif. Dep. Fish and Game 
Wildl. Manage. Div. Chief (Sacramento, CAl, 3 pp. 

Henrickson, J. 2980. Botany of the Coso Geothermal Study Area. Rep. VI in 
Field Ecology Technical Report on the Coso Geothermal Study Area, a 
Rockwell International rep. to U.S. Bureau Land Manage. (Bakersfield, 
CAl . 

Hillier, G. E. 1986. 
California Desert 
and Game Region 4 

Letter of 24 May 2986 from BLM District Manager, 
District (Riverside; CAl to G. Nokes, Calif. Dep. Fish 
Manager (Fresno, CA), ~ pg. 

Holland, R. F. 2986.. Preliminary descriptions of the terrestrial .natural 
commUnities 'of California. Calif. Dep. Fish and Game (Sacramento), 
Nongame Heritage Program rep., 256.pp. 

Howell, A. H. 29.38. Revision of the North American ground squirrels, with a 
classif.ication of the North American Sciuridae. North AIDer . Fauna 56. 

Hoyt, D. F. ~972 .. Mohave Ground Squirrel Survey, ~972. Calif. Dep . 
. Fish Game. (Sacramento), Special Wildl. 'Investigations rep., ~o pp. 

Ingles, L. G. 2965. Mammals of the Pacific States: California, Oregon, and 
Washington. Stanford Univ. Press, Stanford, CA, 506 pp. 

James, T. ~992.Letter of .l.~ Nov. ~992from Dir. of Planning and 
Development Services, County of Kern (Bakersfield, CA) -to R. A. Woodward, 
Calif. Dep. Fish and Game Nongame Bird and Mammal Sec. Coordinator 
(Sacramento, CA), .l. pp. 

James, T. 2993. Letter of ~8 Mar. ~993 from Dir. of Planning and 
Development Services, County of Kern (Bakersfield, CA) to R. Woodward, 

-Calif. Dep. Fish and Game Nongame Bird and Mammal Sec. Coordinator 
(Sacramento, CA), 2 pp. + attach. 

Krzysik, A. J. 
threatened,' 
California. 
pp. 

299~. Ecological assessment of military training effects on 
endangered,. and sensitive animals and plants at Fort Irwin, 
U.S. Army Corps of Engineers Res. Lab. (Champaign, IL), .1.07 



Laabs, D., and M. Allaback. 199~. Mohave Ground Squirrel s~udy: EI Mirage 
Cooperative Management Area, San Bernardino County, California.' 
Biosearch Wildlife Surveys (Santa Cruz,. CAl rep. to U.S. Bur. Land 
Manage. (Riverside, CAl, 33 pp. 

Lee and Ro Consulting Engineers (Pasadena, CAl. 1986. Endangered and 
sensitive species survey and deficiency tabulation, Fort ~rwin National 
Training Center and Goldstone Space Communications Complex. Rep. to Nat. 
Training Center and Fort Irwin (Fort Irwin, CA). 

Leitner., P. 1980. Survey of small mammals and carnivores in the Coso 
Geothermal Study Area. Rep IV in Field Ecology Technical Report on the 
Coso Geothermal Study Area, a Rockwell International (Newbury Park, CAl 
rep. to U.S. Bur. Land Manage. (Bakersfield, CA). 

Leitner, P., and. B. M. Leitner. 1989. First year baseline report: Coso 
grazing exclosure monitoring study, Coso Known Geothermal Resource Area, 
Inyo County, California. McClenahan and Hopkins Associates (San Mateo, 
CA) rep., 69 pp + append. 

Leitner, P., lind B. M·. Leitner. 1990. 'Secondyear baseline report: Coso 
grazing exclosure monitoring study, Coso Known'Geothermal Resource Area, 
Inyo County, California. MCClenahan and Hopkins Associates (Bethesda, 
MDl rep., 96 pp. 

Leitner, P., and B. M. Leitner .. ~9924 Mohave Ground Squirrel study in the, 
Coso grazing exclosure monitoring study, Coso Known Geothermal Resource 
Area, Inyo County, California, May-June~991. MCClenahan and Hopkins 
Associates, Inc. (San Mateo, CAl rep. to U.S. Navy, China Lake Naval Air 
Weapons Station (China Lake, CAl, 30 pp. + append. 

LeitnE!r, P., B. M.Leitner, and J. Harris. ~991. Third year baseline report: 
Coso grazing exclosure monitor:ing study, Coso Known Geothermal Resource 
Area, Inyo County, California. MCClenahan and Hopkins Associates 
(Bethesda,MDl rep., 73 pp. + append. 

Merriam, C. H. 
California. 

1889. Description of a new spermophile from southern 
North Amer. Fauna 2:15-16. 

Michael Brandman Associates, Inc. {Santa Ana, CA}. 1988. Phas~ one: China 
Lake Naval Weapons Center Mohave.Ground'Squirrel "survey and management 
plan. Rep. to China Lake Naval Weapons Center (China Lake, CAl, 19 pp. + 
append. 

Munz, P.A., and D. D. Keck. 1959. A California Flora. Univ. Calif. Press, 
Berkeley, 1681pp. 

Nowak, R. M. 1991. Walker's Mammals of the World. The Johns Hopkins Univ. 
Press, Baltimore, fifth ed., Vol. I, 642 pp. 

Phillips, Brandt, Reddick, .Inc., and PRC Toups {Orange, 
of the vascular plants and vertebrate .fauna of the 
Range area of the China Lake Naval Weapons Center. 
Naval Weapons Center (China.Lake, CA) Admin. Publ. 

102 

CAl. 1980. Inventory 
Randsburg Wash Test 

U.S. Navy, China Lake. 
220. 



Plenert, M. L. J.991. Memorandum of 1J. Apr. 299J. from Regional Dir., u.s. 
Fish and Wildl. Serv. (Portland, OR) to State Dir., U. S. Bur .. Land 
Manage. (Sacramento, CA), 22 pp. + attach. 

Recht, M.A .. 2977. The biology of the Mohave Ground Squirrel, sper.mophilus 
. mohavensis. Ph.D. dissert., Univ. Calif., Los Angeles, J.J.7 pp. 

Recht, T. 2989. Cal trans 2989 Mohave Ground Squirrel survey final report. 
Rep. to Calif. Dep. ·Transportation, 47 pp. 

Rempel, R. D., and D. J. ·Clark. J.990. J.990 Indian Wells Valley Mohave Ground 
Calif. Dep. Fish and Game (Fresno) Squirrel survey, interim report. 

draft rep. 

Roberts, T. A. 
go awry. 

2990. A well-Iaid·plan of squirrels and men just might not 
Outdoor Calif. 5J. (6) ::1.-5. 

Sarasohn, H. A. J.992. Letter of 20 Jul. J.992 from Deputy Dir., Calif. Dep. 
Fish and. Game (Sacramento, CAl, to C. Whiteside, ResourceE? Agency Assist. 
Sec. for Intergovernmental Relations (Sacramento, CA), 3 pp. 

Schwarze,J. J.993. Letter of 3 Mar. J.993 £rom Administrator, Los Angeles 
Dep. Regional Planning (Los Angeles, CA), to T. M. Mansfield, 
Dep .. Fish and Game Wildl. Manage. Di v. Chief (Sacramento, CA), .1 

County 
Calif. 
pp. 

Soule, M. E. J.986. :Inbreeding depression. Introduction to Section l: The 
fitness and viability of populations in M. E. Soule, ed., Conservation 
Biology: The Science of Scarcity and Diversity, Sinauer Assoc., Inc., 
Sunderland, MA, 584 pp. 

Steinhart,P. J.990. California's wild Heritage:. Threatened and Endangered. 
Animals in the Golden State. Sierra Club Books, l08 pp. 

Tomich, P. Q. J.982. Ground squirrels: Spermophilus beecheyi and allies. 
Chap. J.O in J. A. Chapman and G. E.Feldhamer, eds., wild Mammals of 
North .America: Biology, Management, and Economics, The Johns Hopkins 
Univ. Press, Baltimore, .J.J.47 pp. 

U.S. Bureau of Land Management (BLM). J.980. The California Desert 
Conservation Area Plan. BLM, Desert Dist. (Riverside, CAl rep., l73pp. 

U.S. Bureau of Land Management. 
Cooperative Management Area. 
149 pp. + append. 

J.990. Management 'plan for EI Mirage 
BLM, Barstow Resource Area (Barstow, CA), 

U. S. Fish and Wildlife Service. :1.99.2. Animal candidate review for listing as 
Notice of review, Fed. Register Endangered or Threatened species. 

56 (225) : 58804-588J.6. 

Vasek, F. C., and M. G. Barbour. 1.988. Mojave desert scrub vegetation. 
Chap. 24 in M .. G. Barbour and J. Major, eds., Terrestrial Vegetation of 
California, expanded edition, Cali£. Native Plant Soc. Special Publ. No. 

9, :1.030 pp. 

J.03 



Wessman, 'E. V. ~977. The distribution and habitat preferences of the 
Mohave Ground 'squirrel in the southeastern portion of its range. 
Calif. Dep. Fish Game, Wildl. Manage. Branch Admin. Rep. 77-5, ~5 pp. + 
append. 

Woodward, R. A. ~992. Letter of 13 Oct. ~992 from Nongame Bird and Mammal 
Sec. Coordinator f Calif. Dep. 'Fish' and Game (Sacramento, CA), to T. 
James, Dir. of Kern County Dep. Planning and Development Services 
(Bakersfield, CA), 2 pp., 

Zembal t R., and C. G~ll. 1980. Observations on Mohave Ground Squirrels, 
Spermophilus mohavensis, in Inyo County, California. J. Mamm. 
n (2) :347-350. 

Zembal, R., C. Gall, D. Kruska, and P .. Lobnitz. 1979. An inventory of 
the vascular plants and small mammals of the Coso Hot Springs area 
of Inyo County, California. U.S. Navy, China Lake Naval Weapons 
Center (China Lake,CA) Admin. Publ. 202, 154 pp. 

104 


