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Editor’s note:  A draft final version of this document was delivered by contractors to the 
Department of Fish and Game (Department) Wildlife Management Division in 1998.  Consequently, 
most of the information contained herein is current as of 1998.  To avoid potential confusion caused 
by the delay in the document’s availability, however, the Department has subsequently inserted a 
few important updates (in brackets as Editor’s notes).   
 
Authorship of each species account is attributed to the original author(s); however, the Department 
made substantial edits to the draft final report.  Edits were primarily to the Introduction and Results 
sections, as well as the Management Recommendations section of many species accounts for 
consistency and accuracy.  In addition to producing the species distribution maps for this document, 
the Department added California Natural Diversity Data Base locality information through 1998 to 
the locality data provided by the contractors.  
 
This report is intended as an informational update to Williams (1986), which will remain available 
via the Department’s document library at http://nrm.dfg.ca.gov/documents.  Since this report was 
never finalized by the contractors and did not receive peer review, no changes were made to the 
Department’s list of Mammal Species of Special Concern.  Work on a new Mammal Species of 
Special Concern document will begin in 2009. 
 
Suggested citation:  Bolster, B.C., editor. 1998. Terrestrial Mammal Species of Special Concern in 
California.  Draft Final Report prepared by P.V. Brylski, P.W. Collins, E.D. Pierson, W.E. Rainey 
and T.E. Kucera.  Report submitted to California Department of Fish and Game Wildlife 
Management Division, Nongame Bird and Mammal Conservation Program for Contract 
No.FG3146WM.   

  
The final CDFG version is available at http://nrm.dfg.ca.gov/documents/DocViewer.aspx

http://nrm.dfg.ca.gov/documents
http://nrm.dfg.ca.gov/documents/DocViewer.aspx
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TERRESTRIAL MAMMAL SPECIES OF SPECIAL CONCERN IN 

CALIFORNIA 
 

 
 Introduction 
 
California possesses one of the richest mammalian faunas in the United States. The terrestrial 
mammal fauna, which excludes marine mammals, consists of 166 species, 15 of which are endemic 
(i.e., they occur only in California), and 420 subspecies. Considering species and subspecies 
together, approximately 25 percent are endemic to California. The state's enormous agricultural 
productivity, desirable living conditions, and associated population growth underlie major changes in 
the state’s natural communities. For the terrestrial mammal fauna, the most important changes have 
been the conversion of native habitats to agricultural, suburban, and urban land uses, as well as 
timber harvest in parts of the state. These and other changes and land use practices described in this 
document have resulted in declines in the distribution and abundance of some taxa.  As of 1998, 
there are 15 Threatened or Endangered terrestrial mammals that are protected under the California 
Endangered Species Act (CESA). [Editor’s note: for current information about State- and Federally-
listed species see http://www.dfg.ca.gov/biogeodata/cnddb/pdfs/TEAnimals.pdf.] 
 
The first Mammal Species of Special Concern (MSSC) document was prepared in 1986 (Williams 
1986). This updated report on mammals joins similar Department of Fish and Game (Department) 
reviews of amphibians and reptiles (Jennings and Hayes 1994), fishes (Moyle et al. 1995), and birds 
(Remsen 1978). [Editor’s note:  A revised report on birds became available in late 2008; see 
http://www.dfg.ca.gov/wildlife/species/ssc/birds.html.  Work on a new mammal species of special 
concern document will begin in 2009.]  This document reviews the status of terrestrial mammal 
species and subspecies in California for the purposes of revising the previous MSSC list (generated 
by the 1986 document), compiling updated data on distribution and abundance, describing each 
species' biology and current threats, and recommending management actions.  
 
A taxon is assigned Special Concern status when its population numbers are declining at a rate that 
could result in its becoming Threatened or Endangered in the future if efforts to stop or slow its 
declines are not successful, or, in some cases, because it historically occurred in low numbers and 
there are known threats to its persistence. [Editor’s note: More current information about the Species 
of Special Concern designation is at http://www.dfg.ca.gov/wildlife/species/ssc/index.html.] 
Available scientific data indicate that some of these Special Concern taxa may meet the State 
definitions for Threatened or Endangered (see page 4 for definitions). This review excluded State-
listed species but included Federally-listed species that are not State-listed. 
 
“Species of Special Concern” (SSC) is a Department administrative designation, not defined by the 
California Endangered Species Act, and the Department is not required under State law to maintain 
the Special Concern list or periodically review population trends of species on the list. However, the 
Department determines SSCs to provide an early warning system that identifies declining species 
before they become Threatened or Endangered, and to learn whether reasonable action can be taken 
to avert listing. These status reviews are intended to lead to considerations and management efforts 
that reduce conflicts between conservation of the state's natural heritage and its economic 
development.  
 
Under California Environmental Quality Act (CEQA) guidelines, the following sections can apply to 
SSCs: 

http://www.dfg.ca.gov/biogeodata/cnddb/pdfs/TEAnimals.pdf
http://www.dfg.ca.gov/wildlife/species/ssc/birds.html
http://www.dfg.ca.gov/wildlife/species/ssc/index.html
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15065. Mandatory Findings of Significance  
(a) A lead agency shall find that a project may have a significant effect on the environment and 
thereby require an EIR to be prepared for the project where there is substantial evidence, in light of 
the whole record, that any of the following conditions may occur:  
    (1) The project has the potential to: substantially degrade the quality of the environment; 
substantially reduce the habitat of a fish or wildlife species; cause a fish or wildlife population to 
drop below self-sustaining levels; threaten to eliminate a plant or animal community; substantially 
reduce the number or restrict the range of an endangered, rare or threatened species…. 
 
15380. Definitions. Endangered, Rare or Threatened Species 
(a) "Species" as used in this section means a species or subspecies of animal or plant or a variety of 
plant.  
(b) A species of animal or plant is:  
    (1) "Endangered" when its survival and reproduction in the wild are in immediate jeopardy from 
one or more causes, including loss of habitat, change in habitat, overexploitation, predation, 
competition, disease, or other factors; or  
    (2) "Rare" when either:  
        (A) Although not presently threatened with extinction, the species is existing in such small 
numbers throughout all or a significant portion of its range that it may become endangered if its 
environment worsens; or  
        (B) The species is likely to become endangered within the foreseeable future throughout all or a 
significant portion of its range and may be considered "threatened" as that term is used in the Federal 
Endangered Species Act.  
(c) A species of animal or plant shall be presumed to be endangered, rare or threatened, as it is listed 
in:  
    (1) Sections 670.2 or 670.5, Title 14, California Code of Regulations; or  
    (2) Title 50, Code of Federal Regulations Section 17.11 or 17.12 pursuant to the Federal 
Endangered Species Act as rare, threatened, or endangered.  
(d) A species not included in any listing identified in subdivision (c) shall nevertheless be considered 
to be endangered, rare or threatened, if the species can be shown to meet the criteria in subdivision 
(b). 
 
 Methods 
 
The methods focused on the objectives of updating the MSSC list consistent with the Department’s 
definition of SSC (see below), and providing updated information on each taxon’s status, 
distribution, biology, and recommendations for their management.  Updating the list and the 
preparing this report involved the following steps: 
 
The authors prepared a list of species and subspecies of terrestrial California mammals (Appendix 1) 
to provide the most current taxonomic list of California mammals, based on the existing literature. 
The list was based mainly on the synopses found in Hall (1981) and Reeder and Wilson (1994).  A 
number of recent revisions for individual taxonomic levels (i.e., species, species groups, and 
families) were also considered. Discrepancies among any of these sources were resolved based on 
the professional judgement of the authors. Taxa endemic to California were identified.  Taxa with 
highly restricted distributions were also identified, because of their potentially greater susceptibility 
to impacts. 
 
The authors sought recommended changes to the previous list from qualified individuals. The 
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authors sent letters to 130 mammalogists, field biologists, and State/Federal resource managers to 
obtain information on existing Special Concern taxa, and solicit recommendations for additions and 
deletions to the current Special Concern list. They also requested information about population 
trends, threats, management recommendations, published and unpublished reports, and trapping 
records. The authors provided a list of potential Special Concern taxa in the information request 
(Appendix 2), although respondents were also asked to make recommendations and/or provide 
information on taxa not on the list. The list included then-current Special Concern taxa, candidates 
for listing by the USFWS1, Federally-listed taxa not also listed by the State  of California, and 
several taxa that initial review indicated could meet Special Concern criteria. 
 
The authors constructed a database of museum records and non-museum observations of California 
mammals. Specimen records of California mammals were requested from 44 museums (Appendix 3). 
Each museum was asked to provide standard museum data (locality, sex, date of capture, catalogue 
number, etc.) for all California specimens in its collection. When this was too difficult to provide 
(e.g., for museums lacking computer databases), records for a list of potential Special Concern taxa 
were requested. These records were used to create a computerized database of approximately 90,000 
specimen records for all taxa, and 22,000 specimen records of potential Special Concern taxa. These 
records served three purposes: a) to confirm the distributions of species with restricted distributions 
identified using Hall (1981); b) to identify taxa with few California records; and c) to prepare the 
distribution maps for Special Concern taxa. 
  
The list of Special Concern taxa was prepared based on inclusion criteria. The general criterion for 
including a species on the list is that it meets the definition for Special Concern. At the time this 
report was prepared, the Department defines Species of Special Concern as described below 
[Editor’s note: current SSC info is at http://www.dfg.ca.gov/wildlife/species/ssc/index.html]:  
 
“Species of Special Concern" (SSC) status applies to animals not listed under ESA or CESA, but 
which nonetheless 1) are declining at a rate that could result in listing, or 2) historically occurred in low  numbers and 
known threats to their persistence currently exist. SSC share one or more of the following criteria: 
"Species of Special Concern" (SSC) status applies to animals not listed under the Federal Endangered Species Act or the 
California Endangered Species Act, but which nonetheless 1) are declining at a rate that could result in listing, or 2) 
historically occurred in low numbers and known threats to their persistence currently exist. SSC share one or more of the 
following criteria: 

1. occur in small, isolated populations or in fragmented habitat, and are threatened by further isolation and 
population reduction;  

2. show marked population declines. Population estimates are unavailable for the vast majority of taxa. Species 
that show a marked population decline, yet are still abundant, do not meet the Special Concern definition, 
whereas marked population decline in uncommon or rare species is an inclusion criterion;  

3. depend on a habitat that has shown substantial historical or recent declines in size. This criterion infers the 
population viability of a species based on trends in the habitats upon which it specializes. Coastal wetlands, 
particularly in the urbanized San Francisco Bay and south-coastal areas, alluvial fan sage scrub and coastal 
sage scrub in the southern coastal basins, and arid scrub in the San Joaquin Valley, are examples of California 
habitats that have seen dramatic reductions in size in recent history. Species that specialize in these habitats 
generally meet the criteria for Threatened or Endangered status or Special Concern status;  

4. occur only in or adjacent to an area where habitat is being converted to land uses incompatible with the animal's 
survival;  

5. have few California records, or which historically occurred here but for which there are no recent records; and  

                                                      
     1 The practice of designating Category 2 candidates for listing by the USFWS has since been discontinued.  
Under this previous classification, Category 1 species were those for which the USFWS had enough information 
to support listing as Threatened or Endangered.  Category 2 species were those which may have been appropriate 
for listing, but sufficient data were not available to the USFWS to support a proposal for listing.  Candidates for 
listing are now classified simply as "Candidates" and conform to the former Category 1 definition. 

http://www.dfg.ca.gov/wildlife/species/ssc/index.html
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6. occur largely on public lands, but where current management practices are inconsistent with the animal's 

persistence.  
This designation is intended to result in special consideration for these animals by the Department, land managers, 
consulting biologists, and others, and is intended to focus attention on the species to help avert the need for costly listing 
under Federal and State endangered species laws and cumbersome recovery efforts that might ultimately be required. This 
designation also is intended to stimulate collection of additional information on the biology, distribution, and status of 
poorly known at-risk species, and focus research and management attention on them. 
Department staff should consider SSCs during 1) the environmental review process, 2) conservation planning process, 3) 
the preparation of management plans for Department lands, and 4) inventories, surveys, and monitoring (conducted either 
by the Department or others with whom we are cooperating). 
 
Taxa that are not State-listed but which may meet the definitions for such were also included on the 
Special Concern list. CESA defines an Endangered species as a native species or subspecies 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. A Threatened species is one that is not presently threatened with extinction, but is likely 
to become an Endangered species in the foreseeable future in the absence of the special protection 
and management efforts (Fish and Game Code of California, §2062 and 2067). The Special Concern 
list was divided into taxa that may meet State definitions of Threatened or Endangered (Class I) and 
those that are of Special Concern and are not thought to be Threatened or Endangered (Class II). 
 
Special consideration was given to taxa that occur on one or more lists of sensitive taxa maintained 
outside of the Department. These include taxa that are listed as Threatened or Endangered, 
candidates for listing, or found on a list of sensitive species by the U.S. Fish and Wildlife Service 
(USFWS), Oregon Department of Fish and Wildlife (ODFW), or the Arizona Game and Fish 
Department (AGFD). Special consideration was not specifically given to species and subspecies that 
are endemic to California; however, such species were more likely to meet the inclusion criteria than 
species whose distributions included neighboring states.  
 
Species accounts and distribution maps were prepared for Special Concern taxa.  Species accounts 
provide an overview of the species' description, taxonomy, life history, habitat relationships, status, 
and management recommendations. These accounts are based on published literature and 
unpublished reports, on the field experiences of the authors and, in some cases, on personal 
communications from experts. Distribution maps were prepared by the Department using ArcMap 
9.2 to plot all available museum records and reliable non-museum observations in the database 
compiled by the authors, as well records in the Department’s California Natural Diversity Data Base 
(CNDDB). 
 
 Results 
 
The list of terrestrial California mammals (Appendix 1) consists of 166 species, 15 of which are 
endemic, and 420 subspecies. Considering species and subspecies together, approximately 25 
percent are endemic to California. There is broad agreement between existing reference taxonomies 
of California mammals (Hall 1981, Wilson and Reeder 1995) and separate taxonomic reviews.  
There are, however, a number of important differences in the nomenclature and taxonomic list of 
California mammals. This fauna differs from the list of Laudenslayer et al. (1991) through the 
addition of some taxa and the removal of others. The taxonomic decisions made in preparing 
Appendix 1 were those of the authors based on the best available scientific information and the rules 
of nomenclature. 
 
The updated list of California Special Concern mammals contains 46 species or subspecies (Table 1). 
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 [Editor’s note: The authors did not explain why certain taxa on the Department’s Mammal SSC list 
at the time this document was prepared were not included on their new list.  However, most of the 
non-included taxa were those on the former Federal Category 2 candidate list, a list which did not 
require significant justification for inclusion of a taxon.  The Category 2 candidate list and the 
addition of taxa to the Department’s SSC list without rigorous documentation have both been 
discontinued.] The "additional status" column in Table 1 indicates whether or not the taxon is listed 
as Federally Threatened or Endangered, or if it is included on the current sensitive species lists 
maintained by ODFW or AGFD.  The Special Concern list is divided into two groups, Class I and 
Class II. For Class I taxa, the available data indicate that the species may be Threatened or 
Endangered according to criteria defined by CESA.  In some cases, the distinction of whether the 
taxon may meet State standards of Threatened or Endangered will require a more detailed status 
review than was undertaken here. The taxa in Class II are those with low or declining numbers of 
individuals, or low, scattered or highly localized populations that require active management to 
prevent them from becoming Threatened or Endangered species.  
 
A third class of taxa appears on the Watch List in Table 2.  The 22 Watch List taxa are those with 
restricted distributions that we do not currently consider to be Species of Special Concern.  Watch 
List taxa merit field studies that yield data on the status of and trends in their populations, and 
monitoring of potential threats.  Populations of these species should be assessed periodically and 
considered in management decisions and multispecies and habitat conservation plans.  The 
Department’s Resource Assessment and Nongame Wildlife programs provide mechanisms to help 
determine and monitor population status and trends.  The Department’s Conservation Planning 
Program provides a large-scale planning framework to conserve significant pieces of habitat for 
listed and special concern species.  This document will help these programs determine priorities for 
species status assessment and monitoring and help large-scale conservation planning efforts 
determine which species should be included in plans. 
 
The list of 46 Special Concern taxa contains five species or subspecies of shrews (11%), 14 bats 
(30%), two hares/rabbits (4%), 20 rodents (44%), and five carnivores (11%).  Of these, 12 taxa may 
meet the criteria for State Threatened or Endangered (Class I) status.   

 
The principal cause of population declines in Special Concern species has been and continues to be 
habitat loss.  Habitat loss and associated declines in native mammals are generally the result of past 
and present increases in the state's human population.  Habitat conversion as a result of population 
growth has been especially strong in the Sacramento and San Joaquin valleys, the south coast 
(Orange and San Diego counties) and Inland Empire (parts of Riverside and San Bernardino 
counties) and in the Sierra Nevada (especially in Nevada, Placer, and El Dorado counties).  Much of 
this population growth has been suburban that followed agricultural conversion of native habitats 
starting in the last century, but much of it also has involved the direct conversion of native habitats.  
The habitats most influenced by such development are the coastal wetlands of the Bay Area and 
southern California, the grassland and arid scrub communities of the San Joaquin, Salinas, and 
Coachella valleys, and the riparian habitats of the Colorado River and San Joaquin Valley.  Few 
species have benefited from these habitat changes, and those that have are often not native to 
California.  For the areas where rapidly growing human population and associated habitat loss 
prompts the involvement of the Department’s Conservation Planning Program, this document can 
help determine which species to include in the process and provide information about their biology 
and conservation needs. 
 
There are a number of causes for the decline in bats. Bats, especially those that roost colonially, are 
highly susceptible to disturbance and subsequent mortality. Closure, human disturbance, and “pest 
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control” at colony sites (caves, mines, buildings and bridges) have had major adverse impacts on bat 
populations. Additional factors include unsustainable management practices of public and private 
forest lands for cavity-dwelling species, and farming practices such as removal of riparian forests 
and the use of insecticides.  [Editor’s note: The Department is a member of the Western Bat Working 
Group – a partner in the Coalition of North American Bat Working Groups – consisting of agencies, 
organizations and individuals interested in bat research, management, and conservation from 13 
western states and the Canadian provinces of British Columbia and Alberta.  The group works to 
facilitate communication and exchange of scientific and management information, and reduce risks 
of species declines.  The Department also participates in the California Bat Working Group (which 
has similar objectives to the larger group), and contributes to bat conservation by conducting status 
assessments (based on the Mammal Species of Concern list), considering bats in timber harvest plans 
and other environmental review documents, collaborating with other agencies on bat conservation 
issues, and disseminating information about bats to the public.  The Department began preparation of 
a statewide bat conservation plan during in 2004-2005 using Federal State Wildlife Grant funds – the 
plan will be completed in 2010.] 
 
Special Concern taxa are not evenly distributed throughout the state.  Only five species, all of which 
are bats, are found widely in the state.  The largest number (40 taxa, or 48% of the total) occurs in 
southern California.  Within southern California, the largest number of taxa (6) occurs in the coastal 
basins of Los Angeles County and western Riverside and San Bernardino counties.  The remaining 
species occur in the mountains above the Los Angeles basin (3), in the Coachella Valley (2), along 
the Colorado River (5), and on the Channel Islands (2).  Similar numbers of taxa are found in 
northern and Central California (9 and 10, respectively). In northern California, they occur in the 
north Coast Range (4 taxa), San Francisco Bay area (4), and Sacramento Valley (1).  In central 
California, they occur in the San Joaquin Valley (5 taxa), Sierra Nevada (1), Coast Range (1), and in 
the Tahoe/Mono basins and Modoc Plateau (2). 
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Table 1. Mammal Species of Special Concern grouped according to whether they may currently  
meet State definitions of Threatened or Endangered (Class I) or Special Concern (Class II). 
 
 
Scientific Name Common Name Additional Status 
 
 Class I 
 
Sorex ornatus relictus     Buena Vista Lake shrew FE [2002]  
Macrotus californicus     California leaf-nosed bat AC 
Corynorhinus townsendii     Townsend's big-eared bat OC 
Myotis occultus      Arizona myotis 
Myotis velifer     cave myotis 
Aplodontia rufa nigra     Point Arena mountain beaver FE  
Aplodontia rufa phaea     Point Reyes mountain beaver 
Dipodomys merriami parvus     San Bernardino kangaroo rat FE  
Perognathus longimembris pacificus     Pacific pocket mouse FE  
Neotoma fuscipes riparia     Riparian woodrat FE [2000]  
Martes americana humboldtensis     Humboldt marten OC (all subspecies) 
Martes pennanti pacifica     Pacific fisher OC 
 
 Class II 
 
Sorex ornatus salicornicus     southern California salt-marsh shrew 
Sorex ornatus sinuosus     Suisun shrew 
Sorex ornatus willetti     Santa Catalina Island shrew 
Sorex vagrans halicoetes     salt marsh wandering shrew 
Choeronycteris mexicana     Mexican long-tongued bat AT 
Antrozous pallidus     pallid bat OV 
Euderma maculatum     spotted bat AC 
Lasiurus blossevillii     western red bat AC? 
Lasiurus xanthinus     western yellow bat AC 
Myotis thysanodes     fringed myotis OV  
Myotis volans     long-legged myotis 
Eumops perotis     western mastiff bat 
Nyctinomops femorosaccus     pocketed free-tailed bat 
Nyctinomops macrotis     big free-tailed bat 
Brachylagus idahonensis     pygmy rabbit OV 
Lepus americanus tahoensis     Sierra Nevada snowshoe hare 
Glaucomys sabrinus californicus     San Bernardino flying squirrel  
Spermophilus tereticaudus chlorus     Palm Springs ground squirrel  
Dipodomys nitratoides brevinasus     short-nosed kangaroo rat  
Dipodomys venustus venustus     Santa Cruz kangaroo rat  
Perognathus alticola alticola     white-eared pocket mouse  
Perognathus alticola inexpectatus     Tehachapi pocket mouse  
Perognathus inornatus psammophilus   Salinas pocket mouse  
Perognathus longimembris bangsi     Palm Springs pocket mouse  
Perognathus longimembris brevinasus  Los Angeles pocket mouse  
Arborimus albipes     white-footed vole OU 
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Microtus californicus mohavensis     Mohave River vole 
Onychomys torridus ramona     Ramona grasshopper mouse  
Onychomys torridus tularensis     Tulare grasshopper mouse  
Sigmodon arizonae plenus     Colorado River cotton rat  
Zapus trinotatus orarius     Point Reyes jumping mouse  
Felis concolor browni     Yuma mountain lion AE 
Lutra canadensis sonora     southwestern river otter AE 
Spilogale putorius amphiala     Channel Islands spotted skunk 
 

 
 
Table 2. Watch List taxa: Terrestrial mammals not included on the Special Concern list, but  
whose status should be periodically re-evaluated. 

 
Scientific Name Common Name Additional Status 
 
Sorex ornatus salarius        Salinas ornate shrew 
Sorex vagrans paludivagus        Monterey vagrant shrew 
Scapanus latimanus insularis        Angel Island mole 
Scapanus latimanus parvus        Alameda Island mole 
Lasionycteris noctivigans        silver-haired bat 
Lasiurus cinereus        hoary bat 
Myotis evotis        long-eared myotis 
Myotis lucifugus        little brown bat - 

       San Bernardino Mountains population 
Lepus americanus klamathensis        Oregon snowshoe hare 
Lepus townsendii townsendii        western white-tailed hare OU 
Dipodomys californicus eximius        Marysville kangaroo rat 
Dipodomys heermanni berkeleyensis        Berkeley kangaroo rat 
Perognathus inornatus neglectus        McKittrick pocket mouse 
Perognathus xanthonotus        yellow-eared pocket mouse 
Microtus californicus stephensi        south coast marsh vole  
Reithrodontomys megalotis distichlis       Monterey Bay harvest mouse 
Reithrodontomys megalotis longicaudus  harvest mouse, Santa Cruz Island population  
Sigmodon hispidus eremicus        Yuma hispid cotton rat 
Lynx rufus pallescens        pallid bobcat 
Martes americana sierrae        Sierra Nevada marten OC (all subspecies) 
Taxidea taxus        badger 
 
Legend for Tables 1, 2: 
F (Federal): FE, Endangered; FT, Threatened; FC, Candidate for listing; FPE, Proposed Endangered 
A (Arizona): AE, Endangered; AT, Threatened; AC, Candidate. 
O (Oregon): OC, Critical; OV, Vulnerable; OU, Undetermined Status 
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Recommendations 

 
The recommendations within the individual species accounts fall into the following main categories:  

 
i)  Implement Management Actions and Status Changes on Behalf of Individual Species, as 
Appropriate.  This review identifies 12 Class I taxa (including subspecies) which may meet the 
criteria for Threatened or Endangered status under CESA, based on the available scientific evidence. 
 Of these, two species are currently protected under the Federal Endangered Species Act (FESA).  
The designation of a taxon as Class I does not, however, necessarily mean that it should be 
petitioned for listing.  Formal listing may be justifiably avoided or postponed if effective ongoing or 
recent efforts are already in place to conserve the species.  If, in lieu of listing, new management 
efforts are feasible and implemented, the status of the species should be monitored closely to 
determine if the efforts are adequate to conserve the species.  Should new or existing management 
actions prove ineffective, status reviews in accordance with CESA should be conducted.  Species 
protection programs should continue to be a high priority; accordingly, the Species of Special 
Concern documents produced by the Department should be updated at least every ten years, and 
more frequently if staffing and funding resources allow. 

 
ii)  Protect Habitat. Impacts to habitat, mainly loss, but also fragmentation and degradation, are the 
principal threats facing Special Concern and listed taxa. Habitat impacts are diverse, including, for 
example, habitat conversion to agricultural and urban land uses, wetland and riparian degradation 
due to surface water diversion and groundwater pumping, timber harvesting, and 
destruction/disturbance of mines, caves, and structures used by roosting bats. The highest priorities 
for habitat protection for mammal Species of Special Concern remain those identified by Williams 
(1986): riparian forests and wetlands, especially those along the Colorado River and the San Joaquin 
Valley; tidal wetlands, especially those in San Francisco, San Pablo, and Suisun bays and in the 
south coast region; the grasslands and desert scrub communities in the San Joaquin and Salinas 
valleys; the alluvial fan sage scrub and coastal sage scrub communities of Riverside, San 
Bernardino, Los Angeles, Orange, and San Diego counties; and mature and old-growth coniferous 
forests.  Most of these areas are where no large scale community conservation planning is occurring. 
 In addition, over the last 40 years, 800,000 acres (16%) of Sierra Nevada hardwoods have been 
converted to other land uses and vegetation types (Standiford et al. 1996); over 80% of California’s 
oak woodlands are privately-owned (Greenwood et al. 1993).  The Department’s Resource 
Assessment Program has identified the Sierra Nevada foothills as one of its highest priorities for 
species population assessment and monitoring 
 
iii)  Support the expansion of regional biodiversity conservation programs.  Conservation efforts 
over the last 10 years have evolved from site-specific habitat conservation plans for individual listed 
species prepared as requirements for “take” permits under CESA and FESA, to regional multispecies 
habitat conservation plans that target a range of sensitive species.  Regional conservation plans focus 
on conservation of natural communities, ecosystems, multiple listed and non-listed species, and the 
ecological processes necessary to sustain them.  Implementing such regional plans combines the 
technical issues of conservation biology and the participatory issues in affected regions, especially in 
areas of high human population growth, resulting in better public support for conservation.  
Examples of these plans include CALFED Bay-Delta program, which includes species conservation 
and habitat restoration measures for the San Francisco Bay watershed and the footprints of the State 
and Federal Water Projects, and the Natural Community Conservation Planning program, a 
cooperative effort to conserve species at the ecosystem scale.  These programs are an important 
complement to and extension of ongoing efforts to protect individual species and the habitats they 
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occupy.  Regional programs should include species for which enough information is available to 
determine that the species can reasonably be assumed to be in the planning area and will be 
sustainably conserved under the program.  Regional multispecies conservation planning has the 
potential to prescribe conservation actions for larger portions of California’s landscape than any 
other tool or funding mechanism. Multispecies habitat conservation planning efforts are of high 
priority for the following areas:  the east San Francisco Bay, including wetlands, riparian, and 
uplands of Contra Costa, Santa Clara, Alameda, and Solano counties; the southern San Joaquin 
Valley; the coastal and alluvial fan sage scrub habitats of the south coast region, including Los 
Angeles, San Bernardino, Riverside, Orange, and San Diego counties; the Coachella Valley region; 
and the wetlands and riparian habitats of the Central Valley and Colorado River basin. 

 
iv)  Expand field studies. Field studies are needed to better understand the distribution, abundance, 
and habitat requirements of Special Concern and Watch List taxa.  The Department’s resource 
assessment program can play an important role in assessing distribution, abundance and population 
trend.  The Department’s State Wildlife Plan (to be completed in 2005) can help direct and prioritize 
surveys, monitoring and research needs for these taxa.  Key populations should be monitored to 
document population trends. The need is most urgent for the following mammals: Townsend's big-
eared bat (Corynorhinus townsendii), California leaf-nosed bat (Macrotus californicus), 
southwestern river otter (Lutra canadensis sonora), Pacific pocket mouse (Perognathus 
longimembris pacificus), and the San Bernardino kangaroo rat (Dipodomys merriami parvus). Given 
the increasingly fragmented nature of California's natural communities, as well as the increasing 
reliance on small, fragmented reserves, field studies should also be conducted on dispersal abilities 
and other aspects of natural history that influence the ability of species to maintain metapopulation 
structure in fragmented habitats. Field studies are also needed on the badger (Taxidea taxus), 
possibly relying on photographic stations, due to its low natural densities and elusive habits.  This 
species may meet the criteria for the Special Concern list, but data on its distribution and abundance 
are lacking.  
  
v)  Expand public education and awareness activities.  To educate California’s citizens, the 
Department will disseminate this document to agencies and other interested parties via our website 
to help inform the both the public and private sectors of the continued decline of California’s native 
mammal fauna and associated habitats.  
  
vi)  Implement species reintroduction measures where appropriate. Species reintroductions are 
appropriate only under special circumstances. For the majority of Special Concern and listed taxa, 
the root cause of population declines is habitat loss. For these taxa, the costs of habitat restoration 
and reintroduction efforts would be prohibitive, with little or no chance of success. For species 
which have been extirpated from all or part of their original range in California, but for which 
apparently suitable habitat exists, reintroduction remains a conservation alternative to be evaluated 
on a case-by-case basis. One possible example is the Humboldt marten, which has apparently been 
extirpated from the forests of the north coast region.  



Terrestrial Mammal Species of Special Concern in California, Bolster, B.C., Ed., 1998  11 
 

 
 Species Accounts 
 
 Buena Vista Lake shrew, Sorex ornatus relictus 

Paul W. Collins 
 
Description: A small (98-105 mm TL), dull blackish to gray-brown shrew with a relatively short 
(35-39 mm), faintly bicolored tail, dark at terminus above and below; smoke gray ventrum; and 
relatively broad, flat skull (Grinnell 1932, Owen and Hoffmann 1983). Weight between 4.1 and 7.6 g 
(Williams et al. 1998). S. o. relictus has a darker dorsal pelage than the sympatric S. o. ornatus, 
which has a more grayish brown pelage and occurs in more upland habitats.  Compared to  S. o. 
ornatus, S. o. relictus is slightly larger, has a shorter tail, a shorter and heavier rostrum, and a higher 
brain-case (the latter two characters are discernable only in prepared skeletons) (Grinnell 1932).  
 
Taxonomic Remarks: Grinnell (1932) described S. o. relictus based on specimens collected from 
the vicinity of Buena Vista Lake, Kern County; there are eight other subspecies of Sorex ornatus 
(Hall 1981, George 1988, Wilson and Reeder 1993). Grinnell (1932) suggested that intergradation 
between S. o. relictus and S. o. ornatus probably occurred along the lower courses of streams which 
entered the Kern-Tulare basin.  A review of the systematics of S. ornatus, including S. o. relictus, 
based on biochemical and morphometric data, and an evaluation of the population genetics of 
fragmented, restricted populations such as are found in S. o. relictus, is underway (J. Maldonado 
1992 pers. comm.). 
 
Distribution:  According to Grinnell (1933), the Buena Vista Lake shrew historically occupied 
marshlands throughout the southern end of the San Joaquin Valley from the Tulare Lake Basin in 
Kings County south to the vicinity of Bakersfield and Buena Vista Lake in Kern County.  It probably 
occurred in the wetland habitats around the original historic Buena Vista, Tulare and Kern Lakes and 
along streams and sloughs throughout the lake basins (Grinnell 1932, 1933, Williams and Kilburn 
1992). Grinnell (1933) listed its elevational range as below 300 ft (92 m). 
 
When the Buena Vista Lake shrew was described by Grinnell (1933), its distribution had already 
been greatly reduced by the drainage of lakes and sloughs in the southern San Joaquin Valley.  Since 
then, the loss of habitat has increased: Buena Vista Lake and the surrounding lakes and marshes have 
been drained and cultivated, and most watercourses have been channelized, with steep walls, and are 
maintained free of vegetation (Williams and Kilburn 1992). The species is now known to occur only 
at Kern Lake Preserve (Freas 1990, J. Maldonado pers. comm.) and at the Kern National Wildlife 
Refuge.  Disjunct populations of this taxon may still occur in the vicinity of the Buena Vista Lake 
Aquatic Recreation Area, at the Kern National Wildlife Refuge, at the Tule Elk Reserve, and along 
sloughs and canals on the Valley floor leading into Goose Lake Slough (Williams 1986, Williams et 
al. 1998). Recent surveys have failed to confirm its presence at the following locations: The Nature 
Conservancy's Paine Wildflower Preserve, the Voice of America Transmitter site west of Delano 
(Clark et al. 1982), the Tule Elk Reserve (Maldonado 1992), and Goose Lake Slough (Germano and 
Tabor 1993). 
 
Life History:  The life history of the Buena Vista Lake shrew has not been studied, but is likely 
similar to other subspecies of Sorex ornatus.  The information cited here is based on studies of other 
subspecies of Sorex ornatus (Owen and Hoffmann 1983, Zeiner et al. 1990).  The short life span, 
limited reproductive potential, and narrow habitat requirements of ornate shrews may be considered 
limiting factors.  Ornate shrews can be active during the day and night, but S. o. sinuosus is 
reportedly more active at night, especially during the breeding season (Rust 1978). During hot 
summer weather in dry habitats, ornate shrews may restrict their daytime activity to burrows of other 
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probably also apply to this taxon (see S. v. halicoetes and S. o. relictus accounts).  As with other S. 
ornatus subspecies, reproduction in sinuosus from late February, peaks in April and May, with a 
second smaller breeding peak in late summer and early fall as young of the previous spring begin to 
breed (Rudd 1955b, Owen and Hoffmann 1983). Suisun shrews are active both day and night but 
during the breeding season are more active nocturnally (Newman and Rudd 1978a, Rust 1978).  
 
Suisun shrews have high minimum (4.5 Kcal/day) and maximum (6.0 Kcal/day) metabolic rates 
which require that individuals consume a large volume of food daily to survive (Newman and Rudd 
1978a). Torpor has been observed in S. o. sinuosus (Newman and Rudd 1978b), which enhances 
survival by reducing energy intake demands.  Although Suisun shrews were found to be one of the 
largest small mammal consumers of energy in the salt marsh community, their numbers are 
apparently not limited by food availability (Newman 1970). Densities have been recorded up to 
111/ha (Newman 1970), with substantial seasonal and annual fluctuations. No data are available on 
home range size.  Diet is probably composed largely of amphipods, isopods, insects and other 
invertebrates.  
 
Habitat :  S. o. sinuosus inhabits salt and brackish marshes around the northern margins of San Pablo 
and Suisun bays (Owen and Hoffmann 1983). According to Williams (1986), Suisun shrews inhabit 
"tidal marshes characterized in order of decreasing tolerance to inundation, by Spartina foliosa, 
Salicornia ambigua, and Grindelia cuneifolia, and brackish marshes dominated by Scirpus 
californicus and Typha latifolia." In general, salt marsh shrews prefer areas of low, dense vegetation, 
which provide adequate cover and nesting places along with a plentiful supply of invertebrates 
(Johnston and Rudd 1957, Rudd 1955b). According to Rudd (1955b), structure rather than species 
composition of a plant community determined whether an area was suitable for Suisun shrews. 
Hadaway and Newman (1971) captured Suisun shrews most often at the junction between Salicornia 
marshes and upland levees vegetated with coyote brush (Baccharis sp.) and grasses. Rudd (1955b) 
suggested that driftwood and other surface litter above the mean high-tide line is an important habitat 
feature for nesting and foraging. Like S. vagrans halicoetes, Suisun shrews probably inhabit 
marshlands 1.8 to 2.4 m above sea level which are not regularly flooded by tidewater (Johnston and 
Rudd 1957).  
 
Contiguous upland habitats may provide important refuge during flooding of salt marshes (Williams 
1983). However, Hadaway and Newman (1971) recorded no difference in the catch effort of S. o. 
sinuosus between dry periods and periods of inundation which they felt indicated that this species 
may react to flooding by staying within its home range rather than seeking higher ground.  
 
Status:  Class II. Recent trapping efforts suggest that the Suisun shrew is rare, but data are 
insufficient to consider listing appropriate.  Also, this taxon's habitat is protected by virtue of its 
occurrence with the salt marsh harvest mouse (Reithrodontomys megalotis) and California clapper 
rail (Rallus longirostris obsoletus), both of which are protected under State and Federal endangered 
species acts.  All of the marshes from which Suisun shrew populations are known are proposed as 
critical habitat for the salt marsh harvest mouse (Shellhammer et al. 1984).  
 
This taxon has been adversely affected by the degradation and loss of salt and brackish marsh 
habitats in the San Pablo and Suisun bays.  When Europeans arrived in the San Francisco Bay Area 
more than 200 years ago, the salt and brackish marshes around San Pablo and Suisun bays covered 
547 square kilometers (Shellhammer et al. 1984). Since then, more than 77% (421 of 547 sq km) of 
these marshes have been filled, flooded, or converted to other types of vegetation (Jones and Stokes 
et al. 1979). Today there are only 70 sq km of marsh present around San Pablo Bay and 55.7 sq km 
around Suisun Bay (Shellhammer et al. 1984). Loss of this amount of marsh habitat has undoubtedly 
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had a profound effect on the overall size and distribution of Suisun shrew populations and is the 
principal reason for concern about the present status of this taxon.  
 
There are few recent records of the Suisun shrew. Except for Williams' (1983) study, there have been 
no other range-wide attempts made to locate and determine the status of extant populations of S. o. 
sinuosus. Williams (1983) reported a dead specimen on Grizzly Island in 1983 but survey efforts the 
same spring and summer in marshes throughout San Pablo and Suisun bays resulted in no captures.  
One individual was captured along the northern perimeter of Suisun Bay in 1985 (Williams 1986). 
Surveys at the Mare Island Naval Shipyard in Solano County captured two individuals in September 
1987 and 16 between May and October 1990 (California Natural Diversity Data Base records). 
Maldonado (pers. comm.) captured a total of 16 individuals in late July and early August 1990 at the 
Grizzly Island Wildlife Area and at Rush Ranch. Although these records indicate that populations of 
this taxon occur in and around San Pablo and Suisun bays, the remaining potential habitat has been 
estimated at several thousand acres distributed among two dozen patches of marshland (Williams 
1983). 
 
The decline of the Suisun shrew is attributable to: a) loss and fragmentation of salt and brackish 
marsh in the San Pablo and Suisun bays due to diking, flooding, and filling of marshes for urban, 
industrial, and agricultural developments; b) the loss of adjoining upland habitats; c) habitat 
degradation due to sediment deposition from hydraulic mining in the Sierra Nevada Mountains 
during the 1980s; and d) creation of diked wetlands, bordered by steep earthen levees, which are 
managed solely for waterfowl (Williams 1983, 1986; Shellhammer et al. 1984).  
 
The grassland and unsubmerged halophytic borders above the remaining marsh habitats, which serve 
as refuge for shrews during the highest tides and extended periods of flooding, have also been 
reduced (Shellhammer et al. 1984). And while the reduced refuged space along dikes may be 
sufficient for shrews to escape normal high tides, it may be insufficient for populations to survive 
during longer periods of prolonged flooding (Williams 1983). The influence of flooding may 
account for the low trap success which Williams reported for Suisun shrews in 1983 following the 
widespread and record high and sustained flooding that occurred during the winter of 1982-1983 in 
San Pablo and Suisun bays.  
 
There is concern over whether the remaining marshes in San Pablo and Suisun bays can sustain 
populations of Suisun shrews because of their small size, their fragmentation, and the absence of 
upland refugium habitat.  The marshes in Suisun Bay at Grizzly Island, Hill Slough and Peytonia 
Slough, and in San Pablo Bay at Fagan Marsh are thought to provide suitable marsh and upland 
habitats (Williams 1983).  
 
Management Recommendations:  Natural history studies on habitat relations, dispersal, factors 
affecting mortality, and population size, and genetic viability are needed.  Genetic studies now 
underway are expected to resolve the systematic status of this taxon. (J. Maldonado pers. comm.).  
Management plans and practices for occupied tidal and non-tidal marshes administered by public 
and/or private agencies should be reviewed for their impacts on Suisun shrew populations.  Habitat 
management for the Endangered salt marsh harvest mouse and California clapper rail may benefit the 
Suisun shrew (Shellhammer et al. 1984), but confirmation of this requires additional research.  
Wherever possible, tidal and brackish water marshes within the historic range of this taxon should 
contain a buffer zone of upland vegetation contiguous with the marsh, which is kept free of 
disruptive manipulations such as freshwater flushing, plowing, mowing, and/or burning. 
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 Santa Catalina Island shrew, Sorex ornatus willetti 

Paul W. Collins 
 
Description:  A moderately large (104-108 mm TL), dark brown shrew with a relatively long (41-43 
mm), bicolored tail; pale smoke-gray ventrum; long skull and rostrum; and relatively narrow 
braincase (von Bloeker 1941, Collins and Martin 1985). Distinguished from sympatric S. ornatus of 
other subspecies by its slightly larger size, longer and slightly broader skull, and darker pelage (von 
Bloeker 1941, 1967).  
 
Taxonomic Remarks:  Von Bloeker (1941) first described the Santa Catalina Island shrew as S. 
willetti, and later relegated it to a subspecies of S. ornatus (von Bloeker 1967). Preliminary results 
from a taxonomic review of the species group indicate that S. o. willetti has been isolated on the 
order of 10,000 years, and that it is most closely related to populations in the southern part of the 
species' range (J. Maldonado pers. comm.).  
 
Distribution:  Santa Catalina Island shrews are known only from Santa Catalina Island (Williams 
1983, Collins and Martin 1985). Based on the four specimen and four observational records, it 
appears to be widely distributed on the island. Single shrews were collected from Avalon Canyon on 
April 25, 1941 (von Bloeker 1941), from lower Cottonwood Creek 100 meters below Cottonwood 
Dam on January 13, 1983 (Williams 1983), from the south side of Cherry Valley Cove on March 16, 
1991 (J. Maldonado pers. comm.), and from the Hancock Marine Research Station at Isthmus Cove 
(SBMNH-von Bloeker collection). Additional sightings of shrews are known from Middle Ranch 
Canyon below Thompson Dam (Williams 1983), the Bunk House at Middle Ranch, and the west end 
road 0.2 mi (322 m) west of the Isthmus Dump (Collins and Martin 1985). The most recent record is 
from Middle Canyon adjacent to the road to Ben Weston Beach on April 24, 1993 in (J. Maldonado 
pers. comm.). Based on these few records, the known elevational range extends from near sea level 
to approximately 600 ft.  
 
Small mammal surveys of the larger islands off the coast of southern California over the past 25 
years using both pitfall and live-trapping methods have failed to yield ornate shrews (Collins and 
Martin 1985), although the species potentially occurs there (von Bloeker 1967). 
 
Ornate shrews were a member of the San Miguel fauna for at least 9,000 years, and may have 
become extinct recently (Guthrie 1993).  A Sorex cranium was recovered in rock fissure (Walker 
1980) and Sorex ornatus bones were recovered from column samples taken on the island (at Daisey 
Cave) (Guthrie 1993).  Based on these skeletal materials, the ornate shrews on San Miguel Island 
were, like S. o. willetti, larger than mainland ornate shrew populations (Walker 1980, Guthrie 1993).  
 
Life History:  Little is known about the life history of the Santa Catalina Island shrew, but it is 
expected to be similar to that recorded for ornate shrews found on the adjacent mainland. Breeding 
probably occurs from late February through early June with a minor secondary breeding peak in 
mid-to-late September (Collins and Martin 1985). The low capture rates of intensive trapping 
surveys (Williams 1983, Collins and Martin 1985, J. Maldonado pers. comm.) suggests that it occurs 
in much lower densities than ornate shrews on the mainland (Collins and Martin 1985). Much of the 
potential shrew habitat on Santa Catalina Island is marginal (Williams 1983), partly or wholly 
because the woodland, riparian and wetland habitats have been severely degraded by more than a 
century of grazing by feral non-native herbivores (Collins and Martin 1985). Predation by feral cats 
(Felis silvestris), island foxes (Urocyon littoralis), and feral pigs (Sus scrofa) may also be having an 
adverse affect on remaining small, isolated extant populations (Collins and Martin 1985).  
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Habitat :  The few recent captures of S. o. willetti occurred in riparian habitat with an overstory of 
cottonwood (Populus), willow (Salix), and elderberry (Sambucus), with a dense herbaceous 
understory (e.g., bulrush [Scirpus sp.], sedges, [Carex sp.] cattails [Typha sp.], horsetail [Equisetum 
sp.], grasses), and tangles of plant debris and tree roots, and in proximity to flowing water (Williams 
1983, J. Maldonado pers. comm.). The earlier records lack detailed habitat descriptions beyond 
saying that shrews were in mesic habitats in major drainages on Santa Catalina Island. The available 
evidence indicates that this species has similar habitat requirements as ornate shrews on mainland 
California, namely mesic habitats with low, dense vegetation, heavy leaf litter, and soils with rich 
duff layers (Collins and Martin 1985). Such habitat provides cover for foraging and nesting, and 
protection from predators. The leaf litter and duff hold soil moisture during the dry season and 
provide a year-round supply of invertebrates for food (Collins and Martin 1985).  
 
Ornate shrews on the mainland also occur seasonally or year-round in low numbers in upland 
woodlands such as chaparral and coastal sage scrub (Owen and Hoffman 1983, Collins and Martin 
1985).  It is unknown whether Santa Catalina Island shrews occur in upland chaparral, grassland, oak 
woodland or coastal sage scrub habitats, or in brackish and saline marshes near sea level. 
 
Status:  Class II. The Santa Catalina Island shrew is rare and locally distributed on Santa Catalina 
Island.  Surveys in the 1980s totaling 6780 trap-nights of effort have yielded a single Santa Catalina 
Island shrew (Williams 1983, Collins and Martin 1985). In 1993, two shrews were captured after 350 
trap-nights of effort using Sherman live-traps (J. Maldonado pers. comm.). However, additional 
information is needed to determine if listing as Threatened or Endangered is appropriate.  The 
species was probably not abundant in pristine conditions due to the arid climate and restricted well 
developed mesic woodland habitats (Williams 1983).  However, a century of grazing by a variety of 
introduced ungulates sheep, cattle, feral goats and wild pigs has rendered the historical riparian and 
wetland habitats habitat marginal for shrews.   
 
The most important factor in the decline of this species is the fragmentation, loss and general 
degradation of mesic woodland, riparian and marsh habitats from more than a century of grazing by 
feral ungulates, and from the diversion of water for urban and agricultural uses (Williams 1983, 
Collins and Martin 1985).  Additional factors are loss of surface water resources from groundwater 
pumping and water diversions and predation from feral cats (Collins and Martin 1985).  
 
Feral herbivores directly threaten this taxon by reducing the extent of suitable mesic woodland and 
marsh habitat, disrupting the understory mulch and detritus layer, compacting soils, and increasing 
the rate of erosion (Collins and Martin 1985). These factors combine to result in a drier microclimate 
in remaining pockets of mesic woodland and marsh habitats that under normal pre-grazing 
conditions, would probably have been able to support this taxon.  
 
Most of Santa Catalina Island is owned and managed by the Santa Catalina Island Conservancy with 
the primary objective to preserve and protect the island's native biota. The Conservancy also benefits 
from the sale of bison and from commercial hunting of wild pigs, goats, and deer.  However, 
continuing to maintain free-roaming, feral herbivores on the island is a major threat to the island's 
native biota and is a source of irreconcilable conflict of management objectives (Williams 1986). 
Feral pigs (Sus scrofa) are causing the most damage to the heavy leaf litter and duff overlaying soils 
of wetland and streamside communities, and woodlands (Collins and Martin 1985). Although the 
Conservancy has been conducting feral herbivore control efforts for more than two decades, they 
have not been able to completely eradicate feral pigs or goats from the island. Until the Conservancy 
is able to eliminate these feral herbivores from Santa Catalina, mesic habitats critical to the long-term 
survival of Santa Catalina Island shrews will continue to be degraded.  
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Management Recommendations:  The highest priority is to protect wetland and riparian 
communities on Santa Catalina Island from feral animal grazing, wild pig rooting, and groundwater 
pumping, especially along Middle and Cottonwood Creeks.  The primary management objective for 
the island should be to remove or otherwise control the impact of feral herbivores and introduced 
plants.  The land steward [Catalina Conservancy] and the Department can work together to achieve 
this objective by eradicating introduced game animals (i.e., wild pig and mule deer) and continuing 
to reduce the bison herd.  If a small herd of bison is maintained on the island, it should be fenced out 
of sensitive riparian and wetland habitats.  The full impact of present and future water diversion and 
drawdown projects on riparian habitats should be studied and mitigated by the Southern California 
Edison Company, which owns the water rights on Santa Catalina Island, in consultation with the 
Department.  The California Coastal Commission and the Los Angeles County Planning 
Commission should require that any future developments proposed for Santa Catalina Island 
carefully evaluate their potential for impacting wetland and riparian habitats critical for the Santa 
Catalina Island shrew.  Informed management planning will require a better understanding of the 
species' distribution, the extent of remaining habitat, population status, habitat associations, 
abundance, reproductive biology, food habits, and factors affecting mortality.  
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 California leaf-nosed bat, Macrotus californicus 

Elizabeth D. Pierson & William E. Rainey  
 
Description:  Macrotus californicus is one of two phyllostomid species that occur in California. It is 
a medium sized bat (forearm = 46-52 mm, weight = 12-22 g), with grey pelage and long (>25 mm) 
ears. It can be distinguished from all other long-eared bats by the presence of a distinct nose leaf, 
which is erect and lanceolate (Hoffmeister 1986). The only other California species with a 
leaf-shaped nose projection, Choeronycteris mexicana, has very short ears. Corynorhinus 
townsendii, the other long-eared species with which M. californicus could most readily be confused, 
can be distinguished by the presence of bilateral nose lumps as opposed to a single nose leaf. 
Antrozous pallidus has long ears and a scroll pattern around the nostrils instead of a nose leaf. M. 
californicus has a tail which extends beyond the edge of the tail membrane by 5-10 mm. 
 
Taxonomic Remarks:  M. californicus, a member of the Family Phyllostomidae, has sometimes 
been considered a subspecies of Macrotus waterhousii (Anderson and Nelson 1965), but more 
recently, based primarily on chromosomal characters, has been treated as a separate species (Davis 
and Baker 1974, Greenbaum and Baker 1976, Baker 1979, Straney et al. 1979). The form now 
recognized as M. californicus was first described from a specimen collected at Old Fort Yuma, 
Imperial County (Baird 1859). There are currently two species recognized in the genus Macrotus 
(Koopman 1993).  Only M. californicus occurs in the United States.  
 
Distribution:  M. californicus  has a limited distribution which extends from northwestern Mexico 
(Sonora and Sinaloa) and Baja California into Arizona, southern Nevada, and southern California 
(Greenbaum and Baker 1976, Hall 1981).  
 
Museum records document that earlier in the 20th century, M. californicus was distributed across 
most of southern California (specifically Imperial, Los Angeles, Riverside, and San Diego counties). 
It was observed in southcentral San Diego County (west of the Laguna Mountains) as recently as 20 
years ago (P. Brown pers. comm.). Extensive surveys conducted over the past 30 years indicate that 
the species also occurs in San Bernardino County. It currently appears to be limited to the eastern 
portion of its former range. It is found primarily in the mountain ranges bordering the Colorado 
River basin, with records occurring as far west as the Eagle Mountains, Riverside County (P. Brown 
pers. comm.). A few individuals (males) were recently found in the Avawatz Mountains, just south 
of Death Valley, approximately 160 km north of the next known roost containing more than a few 
animals (P. Brown pers. comm.). 
 
Life History: M. californicus is colonial, forming large seasonal aggregations.  Females congregate 
in the spring and summer in maternity colonies of typically 100 to 200 bats (Barbour and Davis 
1969, Vaughan 1959), although colonies of only 6-20 bats are also found. Within the larger colonies, 
clusters of five to 25 females will be associated with a single “harem” male that defends the cluster 
against intruding males (Brown and Berry 1991). Large male roosts may also form. Each female 
bears a single young between mid-May and early July.  Maternity colonies disband once the young 
are independent in late summer.  In September and October, males aggregate in “display” roosts, 
which may be separate from the maternity sites, where they are visited by females for mating (Berry 
and Brown 1995). Although pregnancy is initiated immediately, embryos undergo several months of 
“delayed development,” remaining at a very early embryonic stage until development resumes in 
March (Bradshaw 1962). The total gestation period is almost nine months. This species also forms 
larger, mixed sex aggregations of up to 2,000 bats in winter. Unlike vespertilionids, phyllostomids 
do not hibernate.  M. californicus has a narrow thermal-neutral zone, and appears incapable of 
entering torpor (Bell et al. 1986). 
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M. californicus is purely insectivorous, and forages low over desert wash vegetation, often within 
one meter of the ground (Vaughan 1959). Although the species can use echolocation, it relies 
preferentially on vision to localize its prey (Bell 1985, Bell and Fenton 1986), and probably uses 
prey-produced sounds as well. The diet is composed primarily of large moths (sphingid, noctuid, and 
cossid), butterflies, grasshoppers, and katydids (Anderson 1969, Huey 1925, Vaughan 1959).  Since 
many of these taxa are either flightless or diurnal, it is presumed that M. californicus frequently 
gleans prey off surfaces (Stager 1943b, Vaughan 1959). Wings and other culled prey parts are found 
under night roosts. 
 
Habitat : M. californicus appears to be confined to lowland Sonoran Desert habitat below 900 m 
(Brown et al. 1995, Brown 1996). This species also appears to be totally dependent on either caves 
or mines for roosting. Although it has occasionally been found night roosting in buildings or bridges 
(e.g., P. Brown pers. comm., Constantine 1961, Hatfield 1937), its maternity, mating, and 
overwintering sites are all in mines or caves (Brown et al. 1995).  All except two currently known 
day-roost sites are in abandoned mines. Several caves used earlier in the century, some of which 
contained hundreds of individuals (e.g. Grinnell 1918, Howell 1920b), have either been abandoned 
due to human disturbance/suburban encroachment, or now contain only a few bats. 
 
M. californicus has quite restrictive roosting requirements. Individuals remain active year round and 
need to find both summer and winter roosts that have temperatures of approximately 29°C.  Summer 
roosts are generally relatively close to the roost entrance, often within the twilight zone, where 
temperatures in the summer in the desert exceed 30°C.  In the Colorado River basin, all known 
winter roosts are in geothermally-heated mine workings, and may be as much as a kilometer from the 
entrance (P. Brown pers. comm.).  Banding studies conducted over the past 30 years suggest that 
distances traveled between summer and winter roosts are generally no more than a few kilometers 
(Brown et al. 1995), and different areas of the same mine complex can be used at different seasons.  
While abandoned mines have long been recognized as an extremely important resource for summer 
and winter colonies of M. californicus in California, recent research has revealed that this species 
also uses particular sites in the fall for courtship and mating, that may be different from summer or 
winter sites (Berry and Brown 1995). 
 
M. californicus also appears to require desert wash vegetation for foraging. In several radiotracking 
studies, Brown et al. (1993b) showed that the bats fed primarily in this habitat, generally within one 
to three miles (1.6-4.8 km) of the roost.  Having foraging areas adjacent to the roost was more 
important in winter, when the bats tended to forage closer to the roost and for shorter periods than in 
the summer.  
 
Status: Class I.  The range of M. californicus has contracted during this century, and the species no 
longer occurs outside of desert habitats in California.  The primary factors responsible for the 
declines are roost disturbance, renewed mining in historic districts, closure of mines for hazard 
abatement, and destruction of foraging habitat.  The combination of limited distribution, restrictive 
roosting requirements, and the tendency to form large but relatively few roosting aggregations make 
this species especially vulnerable.  
 
Museum records establish that this species occurred in western San Diego, northwest Los Angeles, 
and western Riverside counties at the turn of the century (Grinnell 1918, Howell 1920c, Krutzsch 
1948).  Despite extensive surveys over the past 30 years (Brown 1996), virtually no animals have 
been found at any of these historic localities, except for a few individuals near Lake Barrett (in 
1978), and three individuals at a natural cave in the Coachella Valley, near the current city of La 
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Quinta (early 1990s) (P. Brown  pers. comm.).  The La Quinta roost, reported by Grinnell (1918) to 
contain at least 300 individuals in 1908, is now surrounded by golf courses and luxury estates, with 
only remnants of desert wash vegetation in the vicinity. The remaining known cave roosts are now 
subject to heavy recreational use.  The complex of caves near the Salton Sea (Bat Cave Buttes) 
reported to have multiple colonies of up to 200 each early in the century (Howell 1920b) has been 
heavily vandalized and no longer contain M. californicus.  The historic roost at Owensmouth on the 
Los Angeles/Ventura County line is surrounded by housing developments, and is a local party spot. 
The Santa Susanna roost is in the middle of a large housing tract. The Santa Margarita Ranch 
location is now Camp Pendleton, and the historic roosting site has not been located.  
 
Currently, only about 20 maternity colonies, and about the same number of winter roosts are known 
(P. Brown pers. comm., Brown et al. 1995), although in some cases, the winter and summer roosts 
are in different mines within a mountain range. The largest colonies are confined to the mountain 
ranges along the Colorado River. The two largest roosts, with over 1,500 bats each, are in mines in 
extreme southeastern California. One of these mines is currently under claim to a mining company 
that has destroyed adjacent M. californicus roosts in renewed mining efforts.  Bat populations in the 
mined areas declined by over 60% in one drainage. Another colony of 150 was totally eliminated 
when the mine roost was closed.  The largest winter roost in California is in an area of heavy winter 
recreational use, and two of the three entrances were closed in 1985 for hazard abatement. This made 
the mine unsuitable as a maternity colony, and it is now occupied by almost 2,000 M. californicus 
only in the winter.  Except for roosts in the Cargo Muchacho Mountains, none of the current roosts is 
threatened by renewed mining.  This situation could change if mining becomes more profitable in 
historic districts (i.e., the price of gold increases or the cost of extraction decreases). 
 
This species faces a number of threats in California: 
 
Renewed mining. The primary threat to M. californicus populations in California is renewed mining 
in historic districts.  Since 1977, M. californicus populations have been monitored in the Cargo 
Muchacho Mountains.  In 1989, mining commenced in one drainage, and then spread out into 
another.  In some cases bats were killed or displaced as historic mines became part of open pits.  
Even where mines were not directly impacted, bat populations dropped to 10% of pre-mining levels 
due to the removal of foraging habitat (desert wash vegetation) adjacent to the roost. The second 
largest winter roost in California, which is also a maternity roost, is in a drainage adjacent to the 
active mine (and under claim).  M. californicus roosts at the Picacho Mine were eliminated without 
surveys or exclusion of roosting bats to prevent their death. 
 
Abandoned mine closures. The largest M. californicus winter roost in California was almost closed 
for hazard abatement. Two of three entrances were closed before the Bureau of Land Management 
was alerted to the threat.  The main shaft of the Senator Mine was covered with chain-link fence 
material after two Marines ignored warning signs and perished inside. Although bats continue to 
gain access to the mine through an alternate opening, they cannot get though the chain-link material, 
and the numbers in this colony have declined. With appropriate gate design, it is possible to close 
mines to human access and still allow use by bats and other wildlife. 
  
Disturbance from the public.  Human visitation is likely responsible for the disappearance of the 
colonies in Chatsworth, Owensmouth, Toro, and Salton Sea caves.  There is no recent bat sign at the 
Owensmouth and Chatsworth roosts, which are currently surrounded by housing tracts and/or used 
as party sites.  A combination of human disturbance and removal of foraging habitat is likely 
responsible for declines (from >300 to 2-3) at the La Quinta and Toro roosts.  Bat Cave Buttes along 
the east side of the Salton Sea occasionally house a few Tadarida brasiliensis or Antrozous pallidus, 
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but have no evidence of M. californicus. These are heavily visited by OHV riders.  A mine near 
Dulzura, which had M. californicus in the 1940s (Krutzsch 1948) currently receives heavy 
recreational use and has no bats. Recreational mine exploration and artifact collection (now a 
lucrative business) pose an increasing threat.  P. Brown (per. comm.) reports signs of human entry 
(e.g., missing ore carts and an accumulation of beer cans) in deep, relatively inaccessible portions of 
formerly undisturbed mines. 
 
Suburban/urban expansion. Suburban/urban expansion leads to increased recreational activity at 
roost sites and eliminates foraging habitat. This has been most evident in western San Diego and Los 
Angeles counties, as well as in the Coachella Valley near Palm Springs. 
 
Loss of foraging habitat. The removal of desert wash vegetation, as evidenced at the American Girl 
mine site, has had negative impacts on M. californicus populations, and is particularly critical for 
wintering populations (Brown 1996).  The largest disturbances are from active mines in the Cargo 
Muchachos, i.e., the Mesquite Mine at Glamis and the Picacho Mine. A new mine (Imperial) is being 
permitted north of the Cargos. While this will not affect any known roosts, it may remove foraging 
habitat. Desert wash vegetation has also been removed from large areas of the Coachella Valley, 
primarily due to expansion of urban areas and construction of golf courses. 
  
Landfills. The roost in the Kaiser adit at Eagle Mountain (Riverside County) may eventually be 
covered by landfill. The landfill at Mesquite mine (Imperial County) will probably remove foraging 
habitat, although at present, the landfill site is not near an active roost. 
 
Military activities. The Chocolate Mountain Gunnery Range has two mines with M. californicus. 
The main disturbance is troops (Navy SEALS) entering the mines.  These mine entrances should be 
gated as soon as possible. The Twenty-nine Palms Marine Corps Training Center may have had a M. 
californicus roost (as judged by guano), but troops regularly enter the mine.  A gate is planned (P. 
Brown pers. comm.).  
 
Management Recommendations:  Surveys of mines within range of M. californicus should be 
required before any closures occur for renewed mining or hazard abatement.  Survey protocol should 
be standardized (Altenbach 1995, Dalton and Dalton 1995, Navo 1995, Rainey 1995). 
 
Mines that are vulnerable to human disturbance (have evidence of recent human entry) should be 
gated with bat-friendly gates. 
 
Key roosts (both gated and ungated) should be monitored annually to document population 
fluctuations in both winter and maternity colonies.  Mines with declining populations should be most 
closely monitored. 
 
Additional surveys are needed to identify the limits of current distribution of M. californicus in 
California. Surveys conducted in 1989-1994 expanded the known range to the northwest, yet many 
mining areas have not been be surveyed. Key populations may yet be discovered and require 
protection.  
 
Preservation of desert wash vegetation within the range of M. californicus, especially within 5 mi (8 
km) of known roosts, may be critical to survival. 
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 Pallid bat, Antrozous pallidus 

Elizabeth D. Pierson & William E. Rainey  
 
Description:  Antrozous pallidus is a large (forearm = 45-60 mm), long-eared vespertilionid bat.  It 
can be readily distinguished from all other California bat species by a combination of large size, 
large eyes, large ears, light tan coloration, a pig-like snout, and a distinctive skunk-like odor.  
Although color varies from very light, almost blonde, in desert populations, to tan along the coast 
and farther north, the overall impression is of a light colored bat.  No other species has fur this light.  
It lacks the nose-leaf found in Macrotus californicus and the bilateral nose lumps found in 
Corynorhinus townsendii.  Myotis evotis is much smaller and has dark, rather than pale colored, ears. 
 Euderma maculatum, which also has light ears, can be distinguished by its unique pelage coloration 
-- black with three large, white dorsal spots. 
 
Pallid bats sometimes leave characteristic sign. Remains of scorpions, Jerusalem crickets, sphinx 
moth wings, and/or long-horned beetles in association with bat guano, indicate the presence of pallid 
bats. It is possible, however, to find pallid bat guano deposits that do not have culled insect parts. 
 
Taxonomic Remarks:  A. pallidus, a member of the Family Vespertilionidae, was first described in 
1856 from a specimen collected in El Paso, Texas (LeConte 1856).  The first record of A. pallidus 
for California was from Old Fort Tejon, Kern County (Merriam 1897). Based on morphometric 
analyses, there are six currently recognized subspecies of A. pallidus, with three (A. p. pacificus, A. 
p. pallidus, and A. p. minor) occurring in California (Martin and Schmidly 1982). The primary 
characteristic used to separate subspecies is size.  Since genetic analyses have not been conducted on 
California populations, geographic boundaries between the subspecies have not been clearly 
delineated, and specimens for most localities have not been examined, we treat all California 
Antrozous as A. pallidus.  Koopman (1993) recognizes two species of Antrozous, A. pallidus and A. 
dubiaquercus, whereas others (Engstrom and Wilson 1981, Engstrom et al. 1987) place the latter 
species in a separate genus, Bauerus.  
 
Distribution: Pallid bats are known from Cuba, Mexico and Baja California, through the 
southwestern and western United States, into southern British Columbia. They occur as far east as 
Kansas, Oklahoma, and Texas, and throughout much of the United States west of the Rocky 
Mountains (Hall 1981, Martin and Schmidly 1982).  In California, the species occurs throughout the 
state in a variety of habitats including low desert, oak woodland and coastal redwood forests, 
extending up to 3,000 m elevation in the Sierra Nevada. 
 
According to Martin and Schmidly (1982), A. p. pacificus, the largest subspecies, occurs along the 
coast and in the coast ranges west of the Central Valley.   A. p. minor, the smallest subspecies, occurs 
in the Colorado River basin and adjacent mountain ranges.  A. p. pallidus occurs throughout the rest 
of the state (including western San Diego County, the Central Valley, all of the Sierra Nevada and 
areas east of the crest, and, farther north, all areas east of the coast ranges).  Martin and Schmidly 
(1982) describe an area of intergradation in the Klamath Mountains between A. p. pacificus and A. p. 
pallidus.  According to Hall (1981), A. p. pallidus is confined to the area east of the Sierra Nevada 
crest, south of Lake Tahoe. The subspecific status of A. pallidus populations in California warrants 
further investigation.  
 
Life History: Pallid bats are colonial, with a typical colony containing 30-70 animals, although 
colonies of several hundred have been found. Colonies form in the spring (March-May), and stay 
together until October (Barbour and Davis 1969).  These colonies can be bachelor groups, but 
usually consist of adult females and their young.  Pallid bats mate in the fall or winter, but, as is 
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cavity-forming rock (e.g., limestone, sandstone, gypsum or volcanic), and in old mining districts 
(Genter 1986, Graham 1966, Humphrey and Kunz 1976, Kunz and Martin 1982, Perkins et al. 1994, 
Pierson and Rainey 1996a). 
 
C. townsendii is primarily a cave-dwelling species, but also roosts in cave analogues, especially old 
mine workings (Barbour and Davis 1969, Graham 1966, Humphrey and Kunz 1976).  In some areas, 
particularly along the Pacific coast, it has been found in old, mostly abandoned, buildings with 
darkened, enclosed cave-like attics and in other anthropogenic structures (e.g., water diversion 
tunnels and bridges)(Barbour and Davis 1969, Dalquest 1947, Howell 1920b, Kunz and Martin 
1982, Pearson et al. 1952, Perkins and Levesque 1987, Brown et al. 1994, Pierson and Rainey 
1996a). 
 
This species appears to have fairly restrictive roost requirements (Humphrey and Kunz 1976, Perkins 
et al. 1994, Pierson et al. 1991).  Roost temperature appears to be critical (Lacki et al. 1994, Pearson 
et al. 1952, Pierson and Rainey 1996a), and varies in maternity roosts throughout California from 
19°C in the cooler regions to 30°C in the warmer southern regions (Pierson et al. 1991).  Some 
colonies are known to change roosts during the maternity season, using cooler roosts earlier in the 
year (Pierson et al. 1991, P. Brown pers. comm., V. Dalton pers. comm.).  Roost dimensions are also 
important.  The majority of the roosts examined in California are fairly spacious, at least 30 m in 
length, with the roosting area located at least 2 m above the ground, and a roost opening at least 15 
cm by 62 cm (Pierson et al. 1991). Maternity clusters are always situated on open surfaces, often in 
roof pockets or along the walls just inside the roost entrance, within the twilight zone.  
 
Hibernation sites are generally caves or mines (Pearson et al. 1952, Barbour and Davis 1969), 
although animals are occasionally found in buildings (Dalquest 1947, E. Pierson pers. obs.).  Deep 
mine shafts, known to provide significant hibernating sites in New Mexico (Altenbach and Milford 
1991), may also be important in California (P. Brown pers. comm.).  Winter roosting behavior varies 
with latitude.  In areas with prolonged periods of non-freezing temperatures, C. townsendii tends to 
form relatively small hibernating aggregations of single to several dozen individuals (Barbour and 
Davis 1969, Pierson et al. 1991, Pierson and Rainey 1996a).  Larger aggregations (75-460) are 
confined to areas which experience prolonged periods of freezing temperatures (Pierson and Rainey 
1996a). 
 
Studies in the western U.S. have shown that C. townsendii selects winter roosts with stable, cold 
temperatures, and moderate air flow (Humphrey and Kunz 1976, Kunz and Martin 1982).  
Individuals roost on walls or ceilings, often near entrances (Humphrey and Kunz 1976, Twente 
1955).  If undisturbed, individuals will frequently roost < 3 m off the ground (Perkins et al. 1994), 
and have been found in air pockets under boulders on cave floors (E. Pierson pers. obs.).  
Temperature appears to be a limiting factor in roost selection.  Recorded temperatures in C. 
townsendii hibernacula range from -2.0°C to 13.0°C (Humphrey and Kunz 1976, Genter 1986, 
Pearson et al. 1952, Pierson et al. 1991, Twente 1955), with temperatures below 10°C being 
preferred (Perkins et al. 1994, Pierson and Rainey 1996a). 
 
Recent radiotracking and light-tagging studies have found C. townsendii foraging in a variety of 
habitats.  Brown et al. (1994) showed that C. townsendii on Santa Cruz Island in California avoided 
the lush introduced vegetation near their day roost, and traveled up to 5 km to feed in native oak and 
ironwood forest.  P. Brown (pers. comm.) also documented Corynorhinus foraging in desert canyons 
with water on the west slopes of the Panamint Mountains in Inyo County.  Radiotracking and 
light-tagging studies in northern California have found C. townsendii foraging within forested habitat 
(Rainey and Pierson 1996), within the canopy of oaks (E. Pierson and W. Rainey unpubl. data), and 
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along heavily vegetated stream corridors, avoiding open, grazed pasture land (G. Fellers pers. 
comm.).  In Oklahoma, C. t. ingens preferred edge habitats (along intermittent streams) and open 
areas (pastures, crops, native grass) over wooded habitat (Clark et al. 1993).  Light-tagging studies in 
West Virginia (V. Dalton pers. comm.) showed a bimodal foraging pattern for C. t. virginianus, with 
animals foraging over hayfields during the first part of the night, and within the forest later in the 
night, traveling up to 13 km from the day roost. 
 
Status: Class I. Recent surveys conducted by Pierson and Rainey (1996a) for the Department show 
marked population declines for both subspecies in California, and suggest this species should be 
recommended for Threatened status in the state. Over the past 40 years, there has been a 52% loss in 
the number of maternity colonies, a 45% decline in the number of available roosts, a 54% decline in 
the total number of animals, and a 33% decrease in the average size of remaining colonies for the 
species as a whole statewide. The status of particular populations is correlated with amount of 
disturbance to or loss of suitable roosting sites. The populations that have shown the most marked 
declines are along the coast, in the Mother Lode country of the western Sierra Nevada foothills, and 
along the Colorado River. 
 
A comparison of former and current population estimates for 18 historically known maternity 
colonies shows that six colonies (33%) appear to be extirpated; six others (33%) have decreased in 
size; one (6%) has remained stable; and five (28%) (four of which are protected within national 
parks) have increased. 
 
A comparison of colony size for historically and currently known colonies, indicates that mean 
colony size has decreased from 165 (n = 18) to 111 (n = 34). The median colony size has decreased 
from 100 to 75. There are currently 38 known maternity colonies, occupying 55 known roost sites, 
with an estimated total population of about 4,300 individuals. Only three of these colonies have 
adequately protected roost sites.  
 
Hibernating C. townsendii have been found historically or during a recent survey (Pierson and 
Rainey 1996a) at 44 sites (24 in mines, 19 in caves, one in a building). Most of these sites contain 
fewer than 20 individuals. Only three hibernating colonies number more than 100. The most 
significant aggregations (all those with >100) occur in the most northern part of the state, particularly 
Siskiyou County. In other areas, particularly the desert, smaller aggregations (5-20) are more typical, 
although mine shafts, found by Altenbach and Milford (1991) to house the largest aggregations, 
remain essentially unexplored in California. Four additional hibernating sites, not visited by Pierson 
and Rainey (1994) were located in 1979 (Marcot 1984), one of which contained 40-50 individuals. 
 
Threats to C. townsendii include the following: 
 
The species is roost limited. The combination of restrictive roost requirements and sedentary 
behavior would suggest that C. townsendii is roost limited, and that roost loss, through disturbance or 
destruction, has been primarily responsible for population declines in most areas. Although fire, 
winter storms, or general deterioration are sometimes responsible, in all but two of 38 documented 
cases, roost loss in California can be directly linked to human activity (e.g., demolition, renewed 
mining, entrance closure, human induced fire, renovation, or roost disturbance). Population declines 
are most highly correlated with roost destruction in the San Francisco Bay area, along the northern 
coast, and in San Diego County, and with roost disturbance in the Mother Lode country and along 
the Colorado River.  Population declines along the Colorado River are also attributable to foraging 
habitat loss due to agricultural expansion. 
 



Terrestrial Mammal Species of Special Concern in California, Bolster, B.C., Ed., 1998  39 
 

 
Human Activity at Roosts. The intense recreational use of caves and mines in California provides the 
most likely explanation for why most otherwise suitable, historically significant roosts are currently 
unoccupied. It is well documented that C. townsendii is so sensitive to human disturbance that simple 
entry into a maternity roost can cause a colony to abandon or move to an alternate roost (Pearson et 
al. 1952; Graham 1966; Stebbings 1966; Mohr 1972; Humphrey & Kunz 1976; Stihler and Hall 
1993; P. Brown pers. comm.). Inappropriate behavior on the part of well-intentioned researchers and 
others (i.e., entry into maternity roosts, capture of animals in roosts) could also contribute to 
population declines. Mark recapture studies are not without risk, since at least one wing band design 
causes serious injuries to C. townsendii (Pierson and Fellers 1994). Scientific collecting likely 
resulted in the extirpation of a population at Prisoner’s Harbor on Santa Cruz Island (Brown et al. 
1994). 
 
Closure of Old Mines. Old mines are significant roosting habitat for a number of bat species, 
particularly C. townsendii (Altenbach and Pierson 1995, Pierson and Rainey 1991, P. Brown pers. 
comm.). Liability and safety concerns have led to extensive mine closure programs in western states, 
particularly on public lands, often without consideration for the biological values of old mines. If 
closures are done at the wrong time of year, or without prior biological survey (Altenbach 1995, 
Navo 1995, Rainey 1995), they can result in the entrapment, and thus elimination of entire bat 
colonies. 
 
Renewed Mining in Historic Mining Districts. The resurgence of gold mining in the West potentially 
threatens cave dwelling bat species (Brown and Berry 1991, Brown et al. 1993, Brown 1995). Since 
open pits, created by current mining practices, are often located in historic mining districts, old mine 
workings are frequently demolished as part of the ore extraction process. While effective mitigation 
is possible (Pierson 1989, Pierson et al. 1991), there is currently no legal mandate requiring that 
existing populations be protected. Renewed mining is known to account for the loss of one 
substantial colony in the California desert (P. Brown pers. comm.). 
 
Additionally, process water containing cyanide has caused substantial wildlife mortality at a number 
of mine sites in the West. Although one study found that bats constitute 33.7% of documented 
wildlife fatalities (Clark and Hothem 1991), they frequently are not considered in assessment of 
cyanide risks (Nevada Mining Assoc. et al. 1990).  A Corynorhinus maternity colony in a mine on 
the west slope of the Inyo Mountains disappeared after an open cyanide pond was constructed within 
2 km of the roost (P. Brown pers. comm.). Similarly, process residues in open oil sumps are another 
significant source of wildlife mortality (Flickinger and Bunck 1987, Esmoil and Anderson 1995). 
  
Loss of Foraging Habitat. It is also possible that destruction or damage of foraging habitat is 
contributing to the declines in C. townsendii populations in some areas, e.g., in urbanized regions, 
and along the Colorado River, where the native floodplain community has been subjected to 
extensive agricultural conversion. Also, forest management activities, particularly timber harvest and 
spraying that kills non-target lepidopteran species may alter the prey base for C. townsendii. Perkins 
and Schommer (1991) suggest that Bacillus thuringiensis sprays may suppress Tussock moth and 
spruce budworm reproduction enough to suppress reproduction in resident C. townsendii. Although 
the effects of grazing have not been specifically addressed for this species, a radiotracking study at 
Point Reyes National Seashore indicated that telemetered bats avoided grazed pastureland (E. 
Pierson pers. obs.). Roosting areas adjacent to water sources may be essential for desert populations 
of C. townsendii (P. Brown pers. comm.). 
 
Inadequate Management Policies on Public Lands. Of the 20 largest currently known colonies in 
California, 13 are on public lands. While the National Park Service and California Department of 
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Parks and Recreation have made substantial commitments to protecting known roosts, other agencies 
have been less willing to recognize the biological significance of cave and mine roosts, often against 
the advice of their own biologists. 
 
Behavioral Ecology/ Population Biology. The tendency for C. townsendii to roost in highly visible 
clusters on open surfaces, near roost entrances, makes them highly vulnerable to disturbance. 
Additionally, low reproductive potential and high roost fidelity increase the risks for the species. 
 
Management Recommendations:  Given the documented population declines, the precarious status 
of most known roosts, the pressures on populations from mining, logging, recreational caving, and 
development, Threatened status under CESA may be warranted. 
 
Steps should be taken to protect key maternity sites, particularly on public lands. In many cases 
adequate protection could be accomplished by excluding people from the roost site. For caves and 
mines this generally means gating the roost entrance, using a gate design that excludes people and 
allows the bats to pass through (Dalton and Dalton 1995, Pierson et al. 1991, Pierson and Brown 
1992). 
 
Key populations (based on both size and geographic distribution) should be monitored on an annual 
or bi-annual basis to document current population trends. Counts should be conducted early in the 
maternity season (before young are volant) by counting animals upon emergence from the roost, 
using night vision equipment. 
 
Regulatory agencies need to be informed of the importance of both caves and anthropogenic 
structures, such as mines, as roosting habitat for C. townsendii and other bat species. Too often the 
biological significance of these habitat features is overlooked in environmental assessment processes. 
  
An appropriate survey protocol needs to be established for C. townsendii. Since this species is rarely 
caught in nets or identified with an acoustic detector, it often escapes detection using standard bat 
survey techniques. Because roost surveys offer the only viable survey method, and roost disturbance 
is such a critical issue, guidelines need to be established for survey methods which do not require 
roost entry (e.g., electronic monitoring devices and night vision equipment) (e.g., Navo 1995, Rainey 
1995), or which set standards for roost entry in those cases where access to the roost is necessary. 
 
In light of the findings of Altenbach and Milford (1991) in New Mexico, a policy to regulate 
destruction of potential hibernating sites should be instituted. For example, no mines or other 
structures, or caves should be closed or destroyed in the winter months without prior surveys for 
hibernating bats. Since there appears to be some movement in and out of hibernating sites throughout 
the winter in most parts of California, monitoring inaccessible portions of potential hibernating sites 
without entry is possible. At present, however, the only accurate and cost effective way to evaluate 
large numbers of sites is entry (Altenbach 1995, Navo 1995).  
 
Additional surveys are needed to explore the limits of distribution for C. townsendii in California. 
Although the surveys conducted in 1992-1994 (Pierson and Rainey 1996a) focused on areas of 
known historical importance, some likely important areas (e.g., some old mining districts) were not 
investigated at all, and other areas, like the north coast and inner coast ranges, warrant further 
investigation. 
 
Studies are needed to evaluate the specific effects of roost disturbance, most importantly the impacts 
on colony composition and reproductive success. This is particularly critical in the Mother Lode 
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country.  
 
Information gathered in recent years on the roosting and foraging requirements of C. townsendii 
(Dalton et al. 1986, Lacki et al. 1993 & 1994, Pierson et al. 1991, Fellers 1993, Brown et al. 1994) 
suggests the need for longitudinal studies covering a variety of habitats during different phases of the 
reproductive cycle. 
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 Short-nosed kangaroo rat, Dipodomys nitratoides brevinasus 

Philip V. Brylski 
 
Description: The short-nosed kangaroo rat is one of three subspecies of D. nitratoides, the San 
Joaquin kangaroo rat, the only four-toed kangaroo rat in the San Joaquin Valley.  TL averages 237 
mm, BL 102 mm and weight is about 44 g.  The short-nosed kangaroo rat is larger and has paler 
dorsal coloration than the other species of D. nitratoides in the San Joaquin Valley (D. nitratoides 
nitratoides, the Tipton kangaroo rat, and D. n. exilis, the Fresno kangaroo rat), which generally occur 
in more eastern parts of the valley (Williams et al. 1993, Williams et al. 1997).  Distinguishing the 
short-nosed kangaroo rat from these closely related subspecies is based on statistical measurements 
of a series of individuals using morphologic (Hafner 1979) or genetic (J. Patton and D. Williams 
unpubl. data) data.  For practical purposes, identification of the subspecies is based on the locality of 
capture. 
 
Taxonomic Remarks: D. n. brevinasus is one of three subspecies of the San Joaquin kangaroo rat, 
D. nitratoides.  Grinnell (1920, 1922) described this subspecies on the basis of pelage coloration and 
skull dimensions.  Although Hoffmann (1974) considered specimens of the short-nosed kangaroo rat 
from Cuyama Valley morphologically more similar to D. merriami than are other brevinasus, they 
are considered brevinasus. 
 
Distribution: Historically, brevinasus occurred on the western, southern, and extreme southeastern 
side of the San Joaquin Valley, generally above the valley floor.  Grinnell (1922) recorded the 
distribution as from the floor of the west side of the San Joaquin Valley from near the mouth of 
Panoche Creek in western Fresno County, south to near the mouth of San Emigdio Creek, in 
southwestern Kern County, and to the northeast of Bakersfield.  It also occurs in Panoche Valley in 
eastern San Benito Valley, on the Carrizo Plain, in San Luis Obispo County, and the Cuyama Valley 
in San Luis Obispo and Santa Barbara counties (Williams et al. 1993).  The elevational range of 
museum records ranges from 45 m at Mendota to 735 m in the Cuyama Valley.  The northernmost 
records are from Livingston in 1893 (USNM 54869-72), and from Los Banos in 1894 (USNM 
57896-57897).  The southernmost records are from San Emigdio Creek, collected in 1918 (MVZ 
28576-79). 
 
The outline of the current range of the short-nosed kangaroo rat approximates its historic range, but 
the number of localities has diminished as a result of habitat loss, fragmentation, and degradation.  
Estimates of extant occupied area represent only about 1.5% to 3.75% of D. n. brevinasus’ estimated 
historical habitat (Williams et al. 1997).  Small, fragmented populations are still found near Los 
Banos; animals here construct their burrows on dikes and seasonally move into iodine brush 
shrublands (Johnson and Clifton in press in Williams et al. 1993). Although populations are known 
to occur or potentially occur in the following areas (listed from north to south), extensive cultivation 
has resulted in restricted and disjunct distributions within them: Panoche and San Joaquin valleys, 
Kettleman Hills, Antelope and Carrizo plains, and Cuyama Valley. Field surveys conducted in the 
Salt Creek/Tecuya Creek region (elevation approximately 400 m) in June 1991 resulted in no 
captures of short-nosed kangaroo rats and numerous captures of D. heermanni (P. Brylski unpubl. 
data).  
 
Life History: Like all kangaroo rats, this species is active year-round and seeds form the majority of 
its diet.  According to Williams et al. (1993), seeds of various genera of annual grasses such as 
Avena, Bromus, Hordeum, and Vulpia and the annual forbs Filarea sp. and Capsella buras-pastoris 
are also important in its diet.  Although there have been numerous trapping surveys for brevinasus, 
few of these provide information on the species' movements, life history, densities, and home range.  
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Substantial new information on these topics was obtained by Williams et al. (1993) in a five-year 
study of the brevinasus population in the Carrizo Plain Natural Area in San Luis Obispo County, and 
forms the basis for the following information.  Numbers of short-nosed kangaroo rats in the 
population studied declined over the 5-year study, principally due to the lack of successful 
reproduction.  Densities ranged from 8.7 to 22.6/ha in 1987 and 1988, followed by dramatic declines 
in 1990 and 1991.  The lowest densities of 1991 were about 6% of the highest densities recorded in 
1987. These densities are comparable to those reported for other subspecies of nitratoides (range: 
from 3 to 25 individuals/ha; Hoffmann 1974, Koos 1977, Williams and Germano 1991, 1994). In the 
populations studied by Williams et al. (1993), the proportion of young of the year recruits declined 
from 33.3% in 1987-8 to 0% in 1989-91, and averaged 13.5%.  No reproduction was observed in 
these populations in 1990.  Females entered estrus in January and February, were pregnant in 
February and March, and weaned their young in April.  Females bred once per year and juveniles 
were not reproductive. The period of reproduction for other races of D. nitratoides and with D. 
merriami, is largely from March to June. The gestation period is 32 days and litter size averages 2.3 
(mode, 2) (Best 1991). 
 
The maximum duration between the first and last capture of brevinasus in the Carrizo Plains Natural 
Area was 766 days for one male and 727 days for one female.  Birth dates of these animals were 
unknown, but the assumption that they were born in mid-March, 1987 (based on the pattern of 
reproduction described above for the same population) yields an estimated minimum age of 3.4 
years. 
 
Habitat : Short-nosed kangaroo rats are generally found on friable soils on flat or gently rolling 
terrain in grassland and desert-shrub vegetation (primarily Atriplex sp. and Ephedra californica).  In 
the Soda Lake area of the Carrizo Plains, they also occur on alkaline soils.  Burrows are located in 
friable soils in slightly elevated areas to reduce likelihood of seasonal flooding, including the berms 
of roads, canal embankments, railroad beds, and the bases of shrubs and fences where wind-blown 
soils accumulate above the level of surrounding terrain (Williams 1986; Williams et al. 1993).  In the 
Elkhorn Plain, burrows have been observed on rocky hillsides.  In most of their current range, short-
nosed kangaroo rats are usually more numerous in lighter, friable soils such as the sandy bottoms and 
banks of arroyos and other sandy areas (Williams et al. 1997). 
  
Status: Class II.  There has been extensive loss of habitat for the short-nosed kangaroo rat, 
particularly in the agriculturally productive and flatter lands of the San Joaquin, Panoche, and 
Cuyama valleys, and on the Antelope and Carrizo plains.  The major cause of restriction of the 
species range and abundance is conversion of native habitats to agricultural use.  The largest existing 
population of brevinasus occurs in the Lokern and Elk Hills regions in western Kern County.  The 
only other sizeable population is in the Carrizo Plain Natural Area (Williams et al. 1997).  The 
Carrizo Plain Natural Area consists of about 73,000 ha of remnant valley arid wildlands from the 
north end of Soda Lake to the southern end of the Carrizo Plain.  Within this area, brevinasus habitat 
is concentrated on the floor and lower slopes of the smaller Carrizo Basin (Williams et al. 1993).  
The amount of brevinasus-occupied habitat within this area has not been estimated, but up to 35% of 
the habitat has been dry-farmed in the past and probably provides little or no habitat for the species.  
 Elsewhere, within its historic distribution, it may now be restricted to islands of remaining natural 
habitat as a result of agricultural conversion of native arid scrub habitats. 
 
Management Recommendations: Detailed components of a conservation strategy and (prioritized) 
conservation actions needed to conserve short-nosed kangaroo rats appear in the draft recovery plan 
for upland species of the San Joaquin Valley (Williams et al. 1997).  In summary, the following 
actions are recommended: i) initiate and coordinate habitat management studies at sites representing 
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the range of existing habitat conditions for the species, ii) protect existing habitat, iii) design and 
implement a range-wide population monitoring program that measures population and environmental 
fluctuations at representative sites, iv) inventory and assess existing natural land within the historical 
range, v) develop and implement research on restoration of habitat on retired irrigated land, vi) 
include habitat needs in any government plans related to drainage problems, vii) restore habitat on 
retired agricultural lands as needed, and reevaluate the status of the short-nosed kangaroo rat within 
three years of recovery plan approval.  [Editor’s note:  The final Recovery Plan for Upland Species 
of the San Joaquin Valley, California was approved September 30, 1998.]  In addition, research 
underway on the systematics of D. nitratoides will clarify the taxonomy of the species, and could 
assist in redefining the conservation priorities for preserving the species' phylogeographic units.  
Field research on the habitat relations of D. n. brevinasus and the impact of grazing and other land 
uses on its habitat should be undertaken. 
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 Santa Cruz kangaroo rat, Dipodomys venustus venustus 

Philip V. Brylski 
 
Description: This is a narrow-faced, five-toed kangaroo rat with dark coloration (Best 1992).  There 
are two subspecies: venustus sanctiluciae and v. venustus.  D. v. venustus is the darker of the two 
subspecies and has slightly more inflated auditory bullae (Grinnell 1922).  D. venustus potentially 
overlaps with three other 5-toed kangaroo rats: D. agilis, D. elephantinus, and D. heermanni.  D. 
venustus is much darker than D. agilis, and has bolder facial markings, much larger ears and a much 
longer tail, and a number of skull characters that require sacrificing the animal to observe.  D. 
venustus is smaller than D. elephantinus, darker in color (most distinctive in the face and ears), and 
the ear is smaller.  In general, the ear is less than 16.5 mm in length in D. venustus and greater than 
16.5 mm in D. elephantinus, although this character is not always reliable.  D. venustus is 
considerably darker and the ear is larger than D. heermanni. 
 
Taxonomic Remarks: The taxonomic relationships of D. venustus, D. agilis, and D. elephantinus 
are uncertain.  Honacki et al. (1982) suggested that venustus, elephantinus, and agilis may be 
conspecific, but provided few data to support this conclusion.  Subsequent taxonomic reviews 
(Wilson and Reeder 1993, Williams et al. 1993) have recognized the three species, but all agree that 
D. elephantinus may be a subspecies of venustus.  Whether D. elephantinus is considered a species, 
or is a subspecies of D. venustus has little or no impact on the need for measures to protect their 
populations. 
 
Distribution: D. v. venustus  occurs in the cool, maritime mountains of west-central California. 
Historical records range from Mount Hamilton to Corralitos, with most specimens collected around 
Mount Hermon, Felton, and Bonny Doon in Santa Cruz County.  Populations of D. v. venustus in the 
Santa Cruz Mountains are disjunct from populations in the Diablo and Gabilan ranges (Williams et 
al. 1993).  D. v. sanctiluciae occurs to the south, in the Santa Lucia Mountains in Monterey and San 
Luis Obispo counties. The current distribution is uncertain.  Roest (1988) provides a partial summary 
of the species' distribution. The species occurs in Mount Hermon, but in remnant patches of suitable 
habitat surrounded by development. Burrow surveys at Bonny Doon suggest the species still occurs 
there, although limited live-trapping efforts yielded no captures.  
 
Life History: Like all kangaroo rats, this species is active year-round and seeds form the majority of 
its diet.  Burrows are simple (relatively short with few branches), often located in open, abandoned 
agricultural land.  Like other heteromyids, burrows are not dug in orchards and other actively 
cultivated land.  The diet consists mainly of annual seeds.  In one study, the most common food item 
was Heterotheca grandiflora seeds, followed by seeds of Bromus rigidus (Hawbecker 1940).  One or 
two litters of two to four young are produced annually.  
  
Habitat :  D. v. venustus occurs in chaparral habitat in the low foothills of the Santa Cruz Mountains, 
on substrates of sands, loams, and sandy loams.  The habitat at the common collecting localities of 
Mount Hermon, Felton, and Bonny Doon were described as sandy ponderosa pine parkland, with a 
chaparral understory. The species' distribution conforms closely to the distribution of open chaparral 
habitat (including Arctostaphylos sp. and Ceanothus sp.) occurring on sandy soils (Zayante or Santa 
Margarita soils) (Hawbecker 1940, Rudd 1948, D. Laabs pers. comm.).  Other plant species reported 
in habitat are Adenostoma fasciculatum, Salvia mellifera, Arbutus menziesii, and Lithocarpus 
densiflora (Best 1992). 
 
Status: Class II. A status review is needed.  The majority of records for the Santa Cruz kangaroo rat 
are museum specimens from localities trapped more than 30 years ago.  Prior to 1984, D. v. venustus 
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had apparently not been seen since 1960 (Roest 1988).  The known populations in the area around 
Mount Hermon have small, disjunct distributions corresponding to the fragmented habitat in the 
region.  Habitat loss from suburban development and sand quarrying operations, and habitat 
degradation from recreational uses have resulted in small, fragmented patches of occupied and 
potentially occupied range.  Existing populations are susceptible to local extirpation, while 
opportunities for recolonization have been reduced.  Much of potential habitat is in private 
ownership, and under continuing development/mining pressure.  Active sand quarries in the Mount 
Hermon area and urbanization of the Scotts Valley area continue to reduce the area of suitable 
habitat.  The largest undisturbed area of occupied habitat in Santa Cruz County is apparently the S. 
H. Cowell Foundation property adjacent to Henry Cowell State park, a site that has been proposed 
for development by the San Lorenzo Water District and, most recently, by the Scotts Valley School 
District.  The Department Reserve in Bonny Doon contains important patches of habitat, but it is 
uncertain whether the species occurs there. There are also small patches of occupied habitat within 
Wilder Ranch and Henry Cowell state parks.    
 
Management Recommendations: A range-wide survey for this species is needed to describe its 
current distribution and status.  
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1953).  The average home range in alkali sink habitat was 148 m2 (range 0-333 m2) and 258 m2 
(range 0-385 m2) (Warner 1976 cited in Best 1993a). 
 
Habitat :  The habitat relations of the silky pocket mice in the Central Valley region are not well 
known, in large part due to extensive loss of its habitat to agricultural conversion early in this 
century.  In general, inornatus occurs in open grassland and desert-shrub communities on alluvial 
sandy and wind drifted sands (Williams 1993, unpubl., von Bloeker 1937).  Hawbecker (1951) 
reported psammophilus in Ephedra scrub near stream courses.  Williams (no date) described the 
habitat as annual grassland, desert scrub (e.g., Atriplex, Ephedra, and Haplopappus), and oak 
savannah communities on sandy soils and other friable soils, although this apparently included 
populations now referable to P. i. neglectus.  Similarly, Braun (1985) described the habitat for P. 
inornatus on the Carrizo Plain (previously considered to include psammophilus) as sandy loam flats 
dominated by herbs (Erodium, Amsinckia, and Astragalus) and grasses (Bromus). Historically, they 
were most abundant in uncultivated habitats on sandy and other friable soils on the valley floor, and 
less common in the marginal habitats on the valley edges.  
  
Status: Class I.  Extensive and continued habitat loss and fragmentation from agricultural and urban 
development has resulted in declines in the distribution and abundance of P. inornatus in the Central 
Valley region.  Other threats include predation by feral cats and the use of rodenticides to control 
California ground squirrel populations.  Despite the need for additional data on the taxonomy, 
distribution, and abundance of the Perognathus populations in the Central Valley region, each of its 
taxonomic units may be considered sensitive as a result of habitat loss (Williams and Kilburn 1992). 
 The declines have been dramatic for psammophilus, for which there have been no recent captures or 
sightings.  P. i. psammophilus meets the criteria for a Species of Special Concern, and may qualify 
for listing as Threatened under CESA.  P. i. inornatus and i. neglectus are less threatened than 
psammophilus; i. neglectus is included on the list of Watch List taxa. 
 
Management Recommendations: Williams (no date) recommended the highest priority be 
preservation of suitable habitat in the Salinas Valley, with secondary but still important conservation 
efforts in the southern part of the species' range.  There is an urgent need for work on the systematics 
of Central Valley Perognathus owing to the historic rate of population decline and loss, which may 
be resulting in the loss of important genotypes of the species.  Focused surveys in appropriate habitat 
in the Salinas Valley and in the southern part of its range are needed to locate extant populations. 
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 Palm Springs pocket mouse, Perognathus longimembris bangsi 

Philip V. Brylski 
 
Description: This is a small heteromyid rodent with TL from about 110 to 151 mm and weight from 
8 to 11 g.  As in all silky pocket mice, the pelage is spineless, and there are usually two small patches 
of lighter hairs at the base of the ear.  Silky pocket mice can be distinguished from sympatric pocket 
mice of the genus Chaetodipus (fallax, formosus, and penicillatus) by their smaller size (see Ingles 
1965 for comparisons), the absences of a tail-crest, and an unlobed antitragus in the outer ear.  There 
is considerable variation in pelage color, from gypsum-colored at the southern limit of the 
subspecies' range (near Ocotillo), to buff-colored individuals in the Snowcreek area of San Gorgonio 
Pass, where bangsi intergrades with brevinasus. 
 
Taxonomic Remarks: The Palm Springs pocket mouse was originally described by Mearns (1898a) 
from a series collected from Palm Springs, 450 ft (137 m) in elevation, Colorado Desert, Riverside 
County, California.  The subspecies was described based on skull characteristics (not evident in live 
animals) and on its light colored dorsal pelage, which matches the sandy substrate of the Colorado 
Desert.  There is considerable variation in dorsal pelage color; whether this has taxonomic 
implications is now being investigated (P. Brylski and J. Patton unpubl. data).  P. l. bangsi 
hybridizes with the Los Angeles pocket mouse (P. l. brevinasus) at its western boundary.  The extent 
of overlap and intergradation with the Jacumba pocket mouse (P. longimembris internationalis) to 
the south, and little pocket mouse (P. longimembris longimembris) to the north, is unknown.  
 
Distribution: Historically known from the San Gorgonio Pass area east to southern Joshua Tree 
National Park, south through the Coachella Valley to Ocotillo.  Its historical range extends from 
Joshua Tree National Park southward, west to San Gorgonio Pass and down to Borrego Springs and 
the east side of San Felipe Narrows (Hall 1981).  Individuals captured in the vicinity of Ocotillo (P. 
Brylski unpubl. data, Behrends pers. comm.) are apparently also referable to bangsi rather than 
internationalis.  The current distribution of the species in the Coachella Valley is poorly known.  
Populations are known from the northwestern valley and from the vicinities of the University of 
California reserve at Deep Canyon and Anza Borrego Desert State Park.  They no longer occur on 
the valley floor from Palm Springs to the Salton Sea in areas developed for urban and agricultural 
land uses, although they may persist in pockets of native desert scrub in this area.  Whether bangsi is 
continuously distributed along the western edge of the valley floor, and whether they occur along the 
eastern edge of the valley floor between Indio Hills and the Salton Sea, is not known. 
 
Life History: This discussion is based on various studies of longimembris, including l. longimembris 
and l. nevadensis, the results of which are included in this discussion.  Little pocket mice hibernate in 
winter and are active above ground in spring, summer, and fall (French 1977).  Individuals awaken 
from hibernation periodically to forage on seeds cached in burrows, and possibly elsewhere within 
the species' home range.  The ability to become dormant/torpid for only a few nights or for the 
winter enhances survival during seasonal and short-term periods of environmental stress (Kenagy 
1973).  The activity patterns of the Palm Spring pocket mouse are not well understood.  Based on 
studies of related desert subspecies (P. l. panamintinus, French 1977; P. l. longimembris, Kenagy 
1973), it is likely that their winter hibernation spans from about October to March.  Usually, they are 
not found above ground during this period. Occasionally, and for reasons that are not understood, 
populations have been active on the surface through all or part of the winter (Kenagy 1973).  
Surveys for the Palm Springs pocket mouse during July and August have failed to result in captures 
at sites where animals were found to abundant in the subsequent spring (P. Brylski unpubl. data).  
 
The food habits of the Palm Springs pocket mouse have not been studied.  Pocket mice eat seeds, 
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mainly, but also green vegetation in the spring.  Beatley (1969) suggested that dietary water (and 
vitamins), available in winter annual vegetation prior to or at the onset of the breeding season, is 
necessary for reproduction to occur. 
 
P. longimembris can show dramatic fluctuations in population numbers.  Hall (1946) estimated a 
population in Nevada to be as high as 400 individuals/acre.  Chew and Butterworth (1964) recorded 
densities ranging from 0.85 to 1.74 individuals/ha, and home ranges from 38.7 to 84.4 m.  Dodd's 
(1996) field surveys for bangsi at five locations in the northern Coachella Valley and San Gorgonio 
Pass region revealed major differences in the distribution and abundance of the Palm Springs pocket 
mouse.  A maximum of 73.1 individuals/ha were recorded on one 0.48 ha grid in the Snowcreek 
area, and density estimates at three sites in the northwestern Coachella Valley area averaged 51.1 
individuals/ha.  The number of captures was significantly lower at sites east of, and including, the 
Whitewater Preserve.  While density estimates could not be determined at these sites, they were 
clearly far lower than 51.1 individuals/ha. 
 
Habitat : P. longimembris is known from various vegetation communities, including creosote scrub, 
desert scrub, and grasslands, generally occurring on loosely packed or sandy soils with sparse to 
moderately dense vegetative cover.  Dodd's (1996) recent study showed that bangsi in the northern 
Coachella Valley was abundant in creosote-dominated desert scrub on flat to gentle slopes with 
sandy soils.  The most common plant species where bangsi was abundant are Larrea tridentata, 
Encelia farinosa, Ambrosia dumosa, and Ephedra californica.  In the same study, Palm Springs 
pocket mice were absent or present in low numbers in areas with compacted, stony, and cobbly soils, 
in saltbush (Atriplex sp.)-dominated communities, in areas disturbed by human habitation, and on 
wind-formed dunes devoid of vegetation.  In 1996, the densities of Palm Springs pocket mice were 
highest at sites with the greatest herbaceous growth. 
  
Status: Class II. P. l. bangsi occurs only in the Coachella Valley, where substantial agricultural and 
urban/suburban conversion of habitat, especially in the valley floor, has occurred over the last 
century.  The species occurs only in native habitats, and will continue to decline in areas where soils 
have been compacted and vegetation degraded, as occurs in areas used by off-highway vehicles 
(OHVs).  In a recent population survey in the northern Coachella Valley (Dodd 1996), six survey 
sites in native habitat each showed evidence of increasing human encroachment, and all sites, 
including the preserves, showed the soil and vegetation impacts of extensive OHV activity.  The 
existing protected areas of the northern Coachella Valley where bangsi occurs include the Coachella 
Valley Preserve System (including Coachella Valley Preserve, Whitewater Preserve, and a portion of 
Edom Hill/Willow Hole Preserve), established primarily for conservation of the Endangered 
Coachella Valley fringe-toed lizard, and the southern part of Joshua Tree National Park.  Dodd's 
(1996) surveys of these areas (excluding Joshua Tree National Park), found low densities of bangsi 
in 1995.  While these areas contribute to bangsi conservation, they do not appear to contain the 
habitat needed to support bangsi population centers of the northern Coachella Valley.  These 
population centers are currently found outside of existing protected areas, and are under development 
pressure.  In the southern valley, bangsi occurs in Anza Borrego Desert State Park, probably in good 
numbers.  Development of the valley floor appears to have fragmented the historic population into 
disjunct northern and southern valley populations centered in the Whitewater/San Gorgonio Pass and 
Anza Borrego regions, respectively. 
 
Management Recommendations: The preservation of remaining habitat is the highest priority for 
the conservation of the Palm Springs pocket mouse.  The species is most abundant in native desert 
scrub on sandy soils, the combination of which is often lacking on the margins of its historic range.  
While there is sufficient open space in these marginal areas, bangsi may be absent from them or 
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present at low densities. Field studies started by Dodd (1996) on its distribution, abundance, and 
habitat relations should be continued, to guide conservation planning efforts now underway in the 
Coachella Valley.  P. l. bangsi should be a priority target species in the Coachella Valley Multi-
Species Habitat Conservation (MSHCP) effort, now underway. [Editor’s note:  The final draft of the 
Coachella Valley Multi-Species Habitat Conservation plan was being considered for approval in late 
September 2007.  The Palm Springs pocket mouse is a species covered by the plan.]  It is important 
to know whether populations along the western edge of the valley floor are connected through 
movements of individuals, or whether they are disjunct and functionally independent.  The ongoing 
Coachella Valley MHCP effort should identify this issue of habitat connectedness and fragmentation 
as basic to long-term conservation planning of bangsi and other valley species whose wide 
fluctuations in numbers play an important role in metapopulation dynamics.  The Coachella Valley 
MHCP should include a plan designed to prohibit OHV recreation from areas of high habitat quality, 
and monitor compliance. 
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 Los Angeles pocket mouse, Perognathus longimembris brevinasus 

Philip V. Brylski 
 

Description: This is a small heteromyid rodent, averaging about 113 mm TL with weight from 8 to 
11 g.  The Los Angeles pocket mouse can be potentially confused only with juveniles of the 
sympatric California pocket mouse (Chaetodipus californicus), from which it can be distinguished 
by the absence of spiny hairs in the dorsal pelage and the absence of a distinct crest on the tail.  
Pelage is buff above and white below.  Many of the dorsal hairs are black-tipped, giving the pelage a 
"salt and pepper" appearance, similar to but lighter than that of the Pacific pocket mouse (P. l. 
pacificus).  Like all silky pocket mice, there is usually a small white spot at the anterior base of the 
ear, and an indistinct larger buff spot behind the ear, the plantar surface of the hindfeet are naked or 
lightly haired, and the lateral hairs of the hind toes project anteriorly and laterally, resulting in a 
"fringed-toed" effect, which may enhance locomotor efficiency on sandy substrates. 
 
Taxonomic Remarks: This is one of eight subspecies of the little pocket mouse (P. longimembris) 
in California (Hall 1981).  P. l. brevinasus was first described by Osgood (1900) as a race of the 
Panamint pocket mouse (P. panamintinus).  Both brevinasus and panamintinus were arranged as 
subspecies of P. longimembris by Huey (1928).  An important taxonomic character of brevinasus is 
its short rostrum, a character also shared by pacificus.  P. l. brevinasus intergrades with bangsi in the 
Cabazon area of the San Gorgonio Pass, and with P. l. internationalis in the La Puerta Valley area of 
San Diego County. 
 
Distribution: Historically occurred in the coastal basins of southern California, from San Fernando 
and Burbank in the San Fernando Valley east to Cabazon, south through the San Jacinto and 
Temecula Valleys to Aguanga, Warner Pass, Vail, and Temecula.  The specimens collected by 
Grinnell at Dos Palmos Spring, Santa Rosa Mountains are either brevinasus or bangsi, and await 
resolution on biochemical and morphological grounds.  The recorded elevational range is from 167 
m (at Burbank) to 808 m (Oak Grove). The current range does not include the San Fernando Valley, 
the majority of which has been urbanized. There is potential for the species in the canyons of the San 
Fernando Valley (e.g., Tujunga wash), although no field surveys have apparently been conducted 
there.  Currently, the western-most record for extant brevinasus is Etiwanda Wash.  Apart from the 
San Fernando Valley, the outline of the current range of brevinasus is similar to its historic range.  
However, the species occurs sparingly in, or is absent from, many historic localities in the San 
Bernardino, San Jacinto, and Temecula valleys. 
 
Life History: There have been few natural history studies on the Los Angeles pocket mouse, and the 
following information is based on research on various subspecies of longimembris, including limited 
work on brevinasus.  Like all Perognathus, the Los Angeles pocket mouse hibernates in the winter, 
generally from October to February, and also becomes torpid when deprived of food for 24 to 36 
hours.  Little pocket mice periodically emerge from hibernation to feed on seed caches stored in their 
burrows.  Emergence from hibernation is correlated with availability of forb and grass seeds.  P. 
longimembris feed largely on seeds and seasonally eat forbs and, to a lesser degree, arthropods and 
larva. 
 
Habitat : The habitat of Los Angeles pocket mice includes lower elevation grassland, alluvial sage 
scrub, and coastal sage scrub.  
 
Status: Class II.  The main threat to the Los Angeles pocket mouse is habitat loss by agricultural, 
suburban, and urban development in Los Angeles, San Bernardino and Riverside counties.  The Los 
Angeles pocket mouse has been extirpated from most or all of the San Fernando and San Bernardino 
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and willow leaves.   Its terrestrial habits are confirmed by its capture in ground-based traps and the 
presence of low forbs and grasses in its diet (Voth et al. 1983).  Thus based on food habit and 
trapping data, the spatial niche of the white-footed vole extends from ground level into tree and 
shrub canopies (Voth et al. 1983).  Water is probably obtained from nearby streams and by licking 
condensation or rain from leaves.  
 
Habitat :  Early mammalogists reported the species only along small streams in humid coastal 
forested areas (Howell 1926, Grinnell 1933, Bailey 1936).  Maser and Johnson (1967) concluded 
that it prefers areas of herbaceous growth found in riparian communities along small streams, or in 
small clearings created by fallen timber in redwood or Douglas-fir forests.  Alder thickets and other 
riparian communities along small streams may constitute essential habitat for this taxon (Maser et al. 
1981).  In Oregon, the primary habitat for this taxon is riparian-alder thickets found along smaller 
streams (Voth et al. 1983).  In California, this species has been captured in a variety of situations, but 
generally appeared to be associated with small clear streams flowing through humid coniferous 
forests (Maser and Johnson 1967).  Of the eleven specimens captured in California, nine were found 
in close proximity to alder, bay or maple thickets along small clear streams flowing through redwood 
forests (Maser 1966).  There are a few records of white-footed voles having been captured several 
hundred meters from streamside habitat on recently logged (two years after logging), or burned land 
(Maser and Johnson 1967, Maser and Hooven 1969).  
 
Status:  Class II.  The principal reasons for concern are its restricted range in California, narrow 
habitat preferences, scarcity of numbers, and threat of continued degradation and destruction of its 
preferred riparian-redwood forest habitat from timber harvest.  The white-footed vole is probably 
one of the rarest voles in North America (Maser et al. 1981).  The only recent record of this species 
for California is a specimen (HSU 1509) captured in 1972 south of Patrick's Point State Park, 
Humboldt County.  Based on the limited specimen records (11 specimens from 6 localities in 
California), this species should be considered rare and locally restricted in California.  The species is 
associated with riparian habitats in old-growth redwood forests, and is probably adversely affected 
by clearcut logging, fires, windstorms and other alterations that destroy or alter the composition of 
riparian and understory habitats.  Loss and fragmentation of undisturbed coast redwood forest habitat 
throughout the California range of this species has been extensive.  Fox (1988) estimated that only 
about 12% of coastal old-growth redwood forests remain in California, with almost half of this on 
private or unreserved lands which are susceptible to continuing timber harvests.  
 
Management Recommendations:  The first priority is to obtain reliable data on its distribution and 
abundance, habitat needs, and extent of remaining suitable habitat.  Improved inventory methods for 
this secretive vole are needed.  Based on the distribution of white-footed voles in Oregon (Maser and 
Johnson 1967), the species may be found on forest lands situated farther inland and at higher 
elevations in Del Norte and Humboldt counties.  State agencies, the National Park Service, and the 
U. S. Forest Service should undertake detailed surveys to determine the distribution, population 
status, and habitat needs of white-footed voles on lands administered by them within these two 
counties.  Logging activities or any type of construction that alter the overstory canopy or understory 
habitat of riparian communities along small streams in coast redwood forests should be minimized or 
prohibited in the vicinity of sites found to support extant populations.  
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 Mojave River vole, Microtus californicus mohavensis 

Philip V. Brylski 
 
Description: No measurement data for this subspecies were found.  The species is highly variable in 
size: TL from 157 to 211 mm and TAL from 39 to 68 mm.  The Mojave River vole is the only vole 
found within the historic range indicated below. 
 
Taxonomic Remarks:  The Mojave River vole was described by Kellogg (1918) based on 
specimens collected from Victorville.  The subspecies is recognized by Hall (1981) and Wilson and 
Reeder (1993).  The Mojave River vole is one of two subspecies of M. californicus with highly 
restricted and disjunct distributions.  The other is the Amargosa vole (M. c. scirpensis), an 
Endangered species that occurs in riparian habitat within the Amargosa River drainage.  
 
Distribution: The Mojave River vole has been collected at only two localities along the Mojave 
River: at Victorville (elevation 900 m) and Oro Grande.  The distributional limits of the subspecies 
are uncertain, but here are considered to be the Mojave River in the vicinity of the two known 
localities, an area of covering approximately 50 km2 (V. Bleich, unpubl. data).  
 
Life History: The Mojave River vole is relatively unstudied, and the following information is drawn 
from studies of other subspecies of M. californicus.  Voles are active year-round and forage largely 
on grasses, forbs, and marsh vegetation.  They make conspicuous runways through the vegetation 
(especially near their burrows), burrow extensively in non-flooded areas, and utilize downed wood, 
brush piles, and their burrows for cover.  Voles are important for various predators, both mammalian 
and avian (Lidicker unpubl.).  They typically show dramatic annual and multi-annual population 
cycles.  Breeding activity may occur year-round but is concentrated in the wet season, from February 
through March for mohavensis.  The gestation period is 21 days.  Litter size averages 4 (range 1-9) 
and from two to five litters may be produced annually.  Individuals may breed in their first year 
(reviewed in Zeiner et al. 1990).  Because of their large population fluctuations (up to four orders of 
magnitude), their persistence in a habitat patch following periodic bottlenecks may show a strong 
positive correlation with patch size.  Moreover, there is a strong negative interaction with house mice 
(Mus musculus) (Lidicker 1966), a non-native species that is typically numerous in suburban native 
habitats.  The California vole is a good swimmer. 
 
Habitat : As a species, the California vole occurs in a variety of habitats, including oak woodlands, 
grasslands, and freshwater and tidal marshes, at least where flooding does not occur regularly 
(Lidicker unpubl. data).  Given the narrow juxtaposition of riparian and desert scrub habitat within 
its historic range, the Mojave River vole is restricted to the grassy or riparian habitats within the 
Mojave River corridor.  In areas impacted by agricultural and suburban development, it may be 
confined to the more narrow riparian belt.  The closely related Amargosa vole utilizes three 
elevations of marsh habitat: the lower elevations (within its range) marshes that are susceptible to 
annual flooding, the higher riparian-associated habitats that provide refuge during normal annual 
flooding, and the adjoining upland habitats that provide temporary habitat during unusually high 
flood events (Thelander et al. 1994). 
 
Status: Class II.  There are no recent records for the Mojave River vole.  Riparian habitat along the 
Mojave River within its historic range has been heavily impacted by agricultural and urban land 
uses.  Damage to residential developments along the Mojave River during recent flooding has 
resulted in pressures to control flooding through channelization.  Bleich (in review) considered 
mohavensis vulnerable to extinction as a consequence of its restricted distribution, previous habitat 
loss, and the ongoing urbanization in lands adjoining its range. Populations are probably subject to 



Terrestrial Mammal Species of Special Concern in California, Bolster, B.C., Ed., 1998  119 
 

 
local extirpation following severe flooding events. 
 
Management Recommendations: Basic data are needed on the population status of the Mojave 
River vole, as well as an analysis of minimum viable population size (Bleich in review).  Bleich (in 
review) recommended the following management actions: i) undertake studies of populations of 
mohavensis at its historical localities in Victorville and Oro Grande to determine its status, collect 
data on its natural history, and determine minimum viable population size and the number of 
populations necessary for recovery.  Field surveys should be designed to determine the species' 
distribution along the Mojave River;  ii) undertake a hydrology study to determine the importance of 
spring subterranean water flows for maintaining its habitat; iii) analyze the natural and human 
impacts to yield further recommendations on how to maintain optimal densities and target habitats to 
receive high levels of protection; and iv) acquire privately-owned habitat considered critical to the 
continued viability of the species. 
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 Riparian woodrat, Neotoma fuscipes riparia 

Paul W. Collins 
 
Description: This is a medium-sized (206-312 g, WT) rat-like rodent with grayish brown dorsum; 
pale to white venter; long (160--227 mm), faintly-bicolored, scantly-haired, tail; and relatively large 
(24-36 mm), naked ears (Ingles 1965, Jameson and Peeters, 1988, Carraway and Verts 1991).  
Riparian woodrats can be distinguished from adjacent subspecies by their larger overall size 
(434-452 mm, TL), lighter, more grayish dorsal coloration, distinctly bicolored tail (207-224 mm), 
larger (43-45 mm) hind feet with white rather than dusky colored upper surfaces, and larger more 
massive skull (40.0-44.7 mm, basilar length) (Hooper 1938).  
 
Taxonomic Remarks: This taxon in one of 11 described subspecies of the dusky-footed woodrat 
(Hooper 1938).  The morphological characters of N. f. riparia show considerable overlap with other 
races of N. fuscipes.  
 
Distribution: Developing a clear picture of the historical range of this California endemic is difficult 
because much of the riparian forest habitat which this taxon inhabited was destroyed even before it 
was described by Hooper (1938), and because there are only a few woodrat specimens from the floor 
of the San Joaquin Valley available for study.  According to Hooper (1938), the range of riparia 
encompassed the area in the vicinity of Kincaid's Ranch, about 3 km (2 mi) northeast of Vernalis, 
Stanislaus County (the type locality), and probably occurred historically along the west side of the 
San Joaquin River from southern Merced County or northern Fresno County north to the Suisun 
Straits region in Contra Costa County.  Others list a more restricted historic range for this taxon 
which encompasses an area along the San Joaquin, Stanislaus, and Tuolumne rivers in Stanislaus and 
San Joaquin counties (Williams 1986, Williams and Kilburn 1992).  Goldman (1910) listed a 
dusky-footed woodrat from El Nido in southern Merced County, which Hall and Kelson (1959) 
assigned to riparia.  Williams (1986) suggests that this specimen may have originated from 
somewhere along the San Joaquin River west or south of El Nido.  Three specimens assigned to 
riparia, one (CSUF) collected from 10 mi southwest of Los Banos, Merced County (Williams 1986), 
and the other two (MVZ 94769 and 128790) collected from Corral Hollow Creek in western San 
Joaquin County, are outside the accepted geographic range for riparia.  If these outlying specimens 
turn out to be riparian woodrats, then the historic range of this taxa would have included an area of 
the San Joaquin Valley floor encompassed by the San Joaquin River and its tributaries, extending 
from southern Fresno County north to its confluence with the Sacramento-San Joaquin River Delta 
in Contra Costa County. Clarifying the historic range of riparia will have to wait until the taxonomic 
status of all available specimens collected from sites across the floor of the San Joaquin Valley in 
Merced, Fresno, Stanislaus, Contra Costa and San Joaquin counties is reevaluated.  
 
Currently, a single population is known to exist on about 102 ha (250 acres) of riparian forest along 
the Stanislaus River in and immediately adjacent to Caswell Memorial State Park (Cook 1992, 
Williams 1993). Williams (1993) estimated that approximately 437 woodrats inhabited 91 ha of this 
104 ha (258 acre) park. Riparian woodrats also may still be present along the San Joaquin River in 
the vicinity of the type locality near Vernalis, Stanislaus County; however, there are no reported 
sightings there since the 1970s (Williams and Kilburn 1992).  Woodrats are also occasionally found 
in wood duck nest boxes along the lower San Joaquin and Tuolumne rivers which suggests the 
possible presence of additional extant populations of this taxon along these two rivers (Williams 
1986).  Intensive, range-wide surveys throughout the northern San Joaquin Valley floor of remnant 
stands of riparian forest habitat along the San Joaquin River and its larger tributaries are needed to 
clarify the current distribution and population status of this taxon.  
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Life History:  No studies have been conducted on the life history of the riparian woodrat. This 
account is based on studies of other subspecies of dusky-footed woodrats (Linsdale and Tevis 1951, 
Carey 1991, Carraway and Verts 1991).  
 
The distribution of dusky-footed woodrats is apparently restricted by factors such as their limited 
dispersal abilities, daily water requirements, and the availability of dense, brushy habitat (Carey 
1991).  With a minimum daily requirement for water of 10.2% of their body mass (Carpenter 1966), 
dusky-footed woodrats tend to be restricted to habitats that are in close proximity to a year-round 
water supply.  They are primarily nocturnal showing peak activity at dawn and dusk.  They are 
equally proficient on the ground and in the foliage of trees and shrubs (Linsdale and Tevis 1951).  In 
California, dusky-footed woodrats breed from December to September, with the majority of litters 
born in mid-spring (Carraway and Verts 1991). Following a 28-33 day gestation period (Carraway 
and Verts 1991), females give birth to one annual litter (Vestal 1938).  Litter size averages 2.6 young 
per litter but ranges from one to four (Carraway and Verts 1991).  Juveniles rarely disperse more 
than 50 ft to establish home ranges in or adjacent to the maternal range (Linsdale and Tevis 1951).  
The matrilineal social structure of dusky-footed woodrat societies results in populations that are 
female-biased and in which adjacent females are closely related.  Unlike females, males disperse 
away from their birth den, and are highly territorial and aggressive during the breeding season.  
 
The dusky-footed woodrat is a social animal which lives in colonies of conical stick houses 
constructed with sticks, bark, plant cuttings, and other objects (Carraway and Verts 1991).  
Individual colonies are relatively stable with the number of adults remaining fairly constant (Wallen 
1982).  Woodrat colonies are generally situated in flood-free areas.  Colonies established in areas 
subject to flooding may be abandoned in favor of sites on higher ground (Cranford 1977).  Woodrats 
generally construct their houses in locations which provide good cover, low to medium humidity, 
cool temperatures, and dark surroundings (Linsdale 1957).  At Caswell Memorial Park, riparian 
woodrat houses were generally positioned over or next to logs in areas with a dense canopy cover, 
ground cover high in leaf litter and a light growth of sedges, and a moderate understory of vines, 
seedlings, and shrubs (Cook 1992).  Each house represents the efforts of many generations of 
woodrats and can be occupied continuously for 13-25 years (Linsdale and Tevis 1956, Wallen 1982). 
 Woodrat houses used as residences are generally occupied and vigorously defended by a single 
adult woodrat.  Some houses are "common" houses which are used by many individuals and serve as 
places where males and females meet (Wallen 1982).  Houses are used for nurseries, protection from 
predation and temperature extremes, resting, self care, food storage, and social communication 
(Vestal 1938, Wallen 1982).  In California, woodrat stick houses occur in densities of 7.4-37.1/ha 
(Vogl 1967, Cranford 1977) with an average of 1.8 houses/home range (M'Closkey 1972).  The 
number of houses is typically greater than the number of woodrats present in a given area.  At 
Caswell Memorial Park, riparian woodrat houses have been recorded at a mean density of 6.6 to 8.3 
houses/ha for a park-wide estimate of 673-847 houses (Cook 1992, Williams 1993).  Although dusky 
footed woodrats can occur at densities ranging from 3.2-7.3/ha (Cranford 1977, Wallen 1982), they 
have relatively small home ranges.  Riparian woodrats have been recorded at a mean density of 4.8 
woodrats/ha, for an estimated population size of 437 woodrats in 91 ha of Caswell Memorial State 
Park (Williams 1993).  Based on a density of 6.6 woodrat houses/ha, Cook (1992) extrapolated a 
population estimate of 673 woodrats for Caswell Memorial Park.  In California, dusky-footed 
woodrat home ranges averaged 0.23 ha (0.58 acres) for males, 0.19 ha (0.48 acres) for females, and 
0.17 ha (0.43 acres) for juveniles (Cranford 1977).  On average, females travel 837 meters and males 
949 m from initial points of capture (Smith 1965). 
 
Habitat :  Historically, riparian woodrats probably inhabited the riparian forests in the floodplain 
along the San Joaquin River and its tributaries.  The riparian woodrat occurs in riparian woodland 
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Appendix 1.  List of California Terrestrial Mammals. Taxa endemic to California are denoted with an asterisk. 
 
 
Family/Species
 

    
 
  

 
  

 
 

    
 

  

 
   

  
 

   
 

   
 

Subspecies Common name
 

Didelphidae 
Didelphis virginiana  Virginia opossum 

  Didelphis virginiana virginiana
 

Soricidae   
Notiosorex crawfordi  desert shrew 

  Notiosorex crawfordi crawfordi
  

Sorex bendirii  Pacific water shrew 
 Sorex bendirii bendirii Pacific water shrew 
 Sorex bendirii palmeri Pacific water shrew 
Sorex lyelli *  Mt. Lyell shrew 
Sorex merriami Merriam shrew

  Sorex merriami leucogenys
 Sorex merriami merriami
Sorex monticolus  dusky or montane shrew 

  Sorex monticolus obscurus
 Sorex ornatus ornate shrew

 Sorex ornatus californicus *  
 Sorex ornatus ornatus *  
 Sorex ornatus relictus * Buena Vista Lake shrew 
 Sorex ornatus salarius * Salinas ornate shrew 
 Sorex ornatus salicornicus * So. California salt-marsh 

shrew 
 Sorex ornatus sinuosus * Suisun shrew 
 Sorex ornatus willettii * 

 
Santa Catalina shrew 

 Sorex pacificus Pacific shrew
  Sorex pacificus pacificus

 Sorex palustris water shrew
  Sorex palustris navigator

 Sorex preblei Prebley shrew
  Sorex preblei preblei



 

Sorex sonomae *   
 Sorex sonomae sonomae  

  
   

    

  

  
   

 

  
  

   

 

  
 

  

   
 

 Sorex sonomae tenelliodus
 Sorex tenellus Inyo shrew

Sorex trowbridgii Trowbridge shrew
 Sorex trowbridgii humboldtensis 

* 
 

 Sorex trowbridgii mariposae
 Sorex trowbridgii montereyensis 

* 
 

 Sorex trowbridgii trowbridgii
 Sorex vagrans vagrant shrew

 Sorex vagrans halicoetes * salt marsh vagrant shrew 
  Sorex vagrans paludivagus

 Sorex vagrans vagrans *  
 

 

Talpidae 
Neurotrichus gibbsii  shrew-mole 
 Neurotrichus gibbsii gibbsii  
 Neurotrichus gibbsii hyacinthus 

* 
 

Scapanus latimanus broad-footed mole
 Scapanus latimanus campi *  
 Scapanus latimanus caurinus * 

 
 

 Scapanus latimanus dilatus
 Scapanus latimanus grinnelli *  
 Scapanus latimanus insularis * Angel Island mole 
 Scapanus latimanus latimanus *  
 Scapanus latimanus minusculus 

* 
 

 Scapanus latimanus monoensis
  Scapanus latimanus occultus

 
 Scapanus latimanus parvus * Alameda Island mole 
 Scapanus latimanus sericatus * 

 
 

Scapanus orarius coast mole
  Scapanus orarius orarius



 

Scapanus townsendii
 

    
  
  

 
  

    
 

  

 
 

   
   

  
  

 
  

 

  

Townsend mole

Phyllostomidae 
Choeronycteris mexicana  Mexican long-tongued bat 
Macrotus californicus 
 

 California leaf-nosed bat 
 

Vespertilionidae 
Antrozous pallidus pallid bat

  Antrozous pallidus pacificus
 Antrozous pallidus pallidus
Corynorhinus townsendii  Townsend big-eared bat 
 Corynorhinus townsendii 

pacificus 
 

 Corynorhinus townsendii 
pallescens 

 

Eptesicus fuscus  big brown bat 
  Eptesicus fuscus bernardinus

  Eptesicus fuscus pallidus
 Euderma maculatum spotted bat

Lasionycteris noctivigans silver-haired bat
Lasiurus blossevillii  western red bat 

 Lasiurus cinereus
 Lasiurus cinereus cinereus hoary bat
Lasiurus xanthinus (=L. ega) 

 
 southern yellow bat 

 Myotis californicus
 Myotis californicus californicus

 
California myotis
  Myotis californicus caurinus

 Myotis californicus stephensi  
Myotis ciliolabrum (=M. leibii ciliolabrum) 

 
 western small-footed myotis 

  Myotis evotis long-eared myotis
 Myotis evotis evotis  
 Myotis evotis pacificus
Myotis lucifugus  little brown myotis 
 Myotis lucifugus alascensis  
 Myotis lucifugus carissima  
 Myotis lucifugus relictus * 

  
Mammoth little brown myotis 

 Myotis occultus (=M. lucifugus occultus) Arizona myotis



 

Myotis thysanodes   
  

  

   
 

  
  

 
  

  
  

 
  

  

 

 
  

  
   

  
  

 
  

  
  

   
    

 

 Myotis thysanodes thysanodes
 

fringed myotis
 Myotis velifer cave myotis

 Myotis velifer velifer (includes M. v. brevis) 
 Myotis volans long-legged myotis

  Myotis volans interior
 Myotis volans longicrus

 Myotis yumanensis Yuma myotis
 Myotis yumanensis oxalis * San Joaquin myotis 

  Myotis yumanensis saturatus
 Myotis yumanensis sociabilis
 Myotis yumanensis yumanensis

 Pipistrellus hesperus western pipistrelle
  Pipistrellus hesperus hesperus

 
Molossidae 
Eumops perotis  California mastiff bat 

  Eumops perotis californicus
Nyctinomops femorosaccus  pocketed free-tailed bat 
Nyctinomops macrotis  big free-tailed bat 
Tadarida brasiliensis  Brazilian free-tailed bat 

  Tadarida brasiliensis mexicana
 

Ochotonidae 
Ochotona princeps pika
 Ochotona princeps albata *  
 Ochotona princeps muiri
 Ochotona princeps schisticeps

  Ochotona princeps sheltoni
 Ochotona princeps taylori

 
Leporidae 
Brachylagus idahonensis pygmy rabbit
Lepus americanus snowshoe hare
 Lepus americanus klamathensis Oregon snowshoe hare 
 Lepus americanus tahoensis 

 
Sierra Nevada snowshoe hare 
 Lepus californicus



 

 Lepus californicus bennettii San Diego black-tailed 
jackrabbit 
  Lepus californicus californicus 

  
  

 

  
 

   
 

  
 

  
  

  
   

 Lepus californicus deserticola
 Lepus californicus richardsonii

  Lepus californicus wallawalla
Lepus townsendii  western white-tailed hare 
 Lepus townsendii townsendii 

 
 

Sylvilagus audubonii desert cottontail
  Sylvilagus audubonii arizonae

 Sylvilagus audubonii audubonii 
*  

 

 Sylvilagus audubonii 
sanctidiegi 

 

 Sylvilagus audubonii vallicola 
* 

 

Sylvilagus bachmani brush rabbit
  Sylvilagus bachmani bachmani

 Sylvilagus bachmani 
cinerascens 

 

 Sylvilagus bachmani macrorhinus * 
 Sylvilagus bachmani mariposae 

* 
 

 Sylvilagus bachmani riparius * 
 

riparian brush rabbit 
  Sylvilagus bachmani tehamae

 Sylvilagus bachmani ubericolor  
 Sylvilagus bachmani virgulti * 

 
 

Sylvilagus nuttallii Nuttall cottontail
  Sylvilagus nuttallii grangeri

 Sylvilagus nuttallii nuttallii
 

Aplodontidae 
Aplodontia rufa
 Aplodontia rufa californica Sierra Nevada mountain beaver 
 Aplodontia rufa humboldtiana 

* 
 

 Aplodontia rufa nigra * Point Arena mountain beaver 



 

 Aplodontia rufa pacifica  

 
  

  

  

  
  

  

  

  

  
  

 Aplodontia rufa phaea * Point Reyes mountain beaver 
  Aplodontia rufa rufa

 
Sciuridae 
Ammospermophilus leucurus  white-tailed antelope squirrel 
Ammospermophilus leucurus leucurus
Ammospermophilus nelsoni *  Nelson antelope squirrel 
Glaucomys sabrinus  northern flying squirrel 
 Glaucomys sabrinus 

californicus * 
San Bernardino flying squirrel 

 Glaucomys sabrinus 
flaviventris * 

 

 Glaucomys sabrinus 
fuliginosus 

 

 Glaucomys sabrinus lascivus
 Glaucomys sabrinus stephensi

 Marmota flaviventris yellow-bellied marmot
 Marmota flaviventris 

flaviventris 
 

 Marmota flaviventris 
fortirostris 

 

 Marmota flaviventris sierrae
Sciurus griseus  western gray squirrel 
 Sciurus griseus anthonyi *  
 Sciurus griseus griseus
 Sciurus griseus nigripes *  
Spermophilus beecheyi  California ground squirrel 
 Spermophilus beecheyi 

beecheyi * 
 

 Spermophilus beecheyi 
douglasii 

 

 Spermophilus beecheyi fisheri *   
 Spermophilus beecheyi 

nesioticus * 
Catalina Island ground squirrel 

 Spermophilus beecheyi nudipes
 Spermophilus beecheyi  



 

parvulus *  
 Spermophilus beecheyi sierrae 

*  
 

Spermophilus beldingi  Belding ground squirrel 
  Spermophilus beldingi beldingi 

  
  

  

   
 

  
  

  

  
 

  

 Spermophilus beldingi 
oregonus 

 

Spermophilus lateralis  golden-mantled ground squirrel 
 Spermophilus lateralis 

bernardinus * 
San Bernardino g-m ground 
squirrel 

 Spermophilus lateralis chrysodeirus 
 Spermophilus lateralis mitratus 

* 
 

 Spermophilus lateralis trepidus
 Spermophilus lateralis trinitatis
Spermophilus mohavensis *  Mohave ground squirrel 
Spermophilus mollis  Townsend ground squirrel 
Spermophilus tereticaudus  round-tailed ground squirrel 
 Spermophilus tereticaudus 

chlorus * 
Palm Springs r-t ground 
squirrel 

 Spermophilus tereticaudus tereticaudus 
 Spermophilus variegatus grammurus rock squirrel

Tamias alpinus *  alpine chipmunk 
Tamias amoenus yellow-pine chipmunk

  Tamias amoenus amoenus
 Tamias amoenus monoensis
 Tamias amoenus ochraceus

 Tamias merriami Merriam chipmunk
 Tamias merriami kernensis *  
 Tamias merriami merriami *  
 Tamias merriami pricei * 

 
 

Tamias minimus least chipmunk
  Tamias minimus scrutator

Tamias obscurus  Baja California chipmunk 
 Tamias obscurus davisi *  
 Tamias obscurus obscurus
Tamias ochrogenys *  redwood chipmunk 



 

Tamias panamintinus   

  
  

   
   

  
  

  
 

  

 
  

 
  

  
  
  

  
  

  
  

  
  

  
  

 
  

Panamint chipmunk
 Tamias panamintinus acrus * Kingston Mountain chipmunk 
 Tamias panamintinus panamintinus 

 Tamias quadrimaculatus
 

long-eared chipmunk
Tamias senex California chipmunk
Tamias siskiyou Siskiyou chipmunk
Tamias sonomae Sonoma chipmunk
 Tamias sonomae alleni *  
 Tamias sonomae sonomae

 Tamias speciosus lodgepole chipmunk
 Tamias speciosus callipeplus * 

 
Mt. Pinos chipmunk 
  Tamias speciosus frater

 Tamias speciosus sequoiensis *  
 Tamias speciosus speciosus * 

 
 

Tamias umbrinus Uinta chipmunk
  Tamias umbrinus inyoensis

 Tamiasciurus douglasii Douglas squirrel
 Tamiasciurus douglasii albolimbatus 
 Tamiasciurus douglasii mollipilosus 

  
Geomyidae 
Thomomys bottae  Botta pocket gopher 

  Thomomys bottae albatus
 Thomomys bottae alpinus
 Thomomys bottae awahnee
 Thomomys bottae bottae
 Thomomys bottae canus
 Thomomys bottae laticeps
 Thomomys bottae leucodon
 Thomomys bottae mewa
 Thomomys bottae navus
 Thomomys bottae nigricans
 Thomomys bottae operarius
 Thomomys bottae pascalis
 Thomomys bottae perpallidus

  Thomomys bottae riparius
 Thomomys bottae saxatilis



 

Thomomys mazama  Mazama pocket gopher 
  Thomomys mazama mazama 

  

 
   

 

  

  

 Thomomys mazama 
premaxillaris * 

 

Thomomys monticola  mountain pocket gopher 
Thomomys talpoides  northern pocket gopher 
 Thomomys talpoides fisheri *  
 Thomomys talpoides monoensis 

* 
 

 Thomomys talpoides quadratus
Thomomys townsendii  Townsend pocket gopher 

 Heteromyidae 
Chaetodipus baileyi
 Chaetodipus baileyi hueyi Bailey pocket mouse 
Chaetodipus californicus 
 

 California pocket mouse 
 Chaetodipus californicus

bensoni * 
 

 Chaetodipus californicus bernardinus * 
 Chaetodipus californicus californicus * 
 Chaetodipus californicus dispar 

* 
 

Chaetodipus californicus
femoralis 

 Dulzura pocket mouse 

 Chaetodipus californicus marinensis * 
 Chaetodipus californicus 

ochrus * 
 

Chaetodipus fallax  San Diego pocket mouse 
 Chaetodipus fallax fallax northwestern San Diego pocket 

mouse 
 Chaetodipus fallax pallidus * pallid San Diego pocket mouse 
Chaetodipus formosus  long-tailed pocket mouse 
 Chaetodipus formosus 

melanurus 
 

 Chaetodipus formosus mesembrinus * 
 Chaetodipus formosus

mohavensis 
 

Chaetodipus penicillatus  desert pocket mouse 



 

 Chaetodipus penicillatus angustirostris 
 Chaetodipus penicillatus stephensi * 
Chaetodipus spinatus  spiny pocket mouse 

  Chaetodipus spinatus rufescens
 
 

 

  

 

 

   

 

 

 

   

   

 Chaetodipus spinatus spinatus
Dipodomys agilis  Pacific kangaroo rat 
 Dipodomys agilis agilis *  
 Dipodomys agilis cabezonae
 Dipodomys agilis fuscus * Point Conception kangaroo rat 
 Dipodomys agilis perplexus * 

 
 

 Dipodomys agilis simulans
Dipodomys californicus  California kangaroo rat 
 Dipodomys californicus californicus 

 Dipodomys californicus
eximius * 

 Marysville kangaroo rat 

Dipodomys californicus
saxatilis * 

 

Dipodomys deserti  desert kangaroo rat 
  Dipodomys deserti deserti

Dipodomys elephantinus *   big-eared kangaroo rat 
Dipodomys heermanni  Heermann kangaroo rat 
 Dipodomys heermanni arenae *

 
 

Dipodomys heermanni
berkeleyensis * 

 Berkeley kangaroo rat 

 Dipodomys heermanni dixoni * 
 

Merced kangaroo rat 
 Dipodomys heermanni

goldmani * 
 

Dipodomys heermanni
heermanni * 

 

Dipodomys heermanni
jolonensis * 

 

 Dipodomys heermanni morroensis
* 

Morro Bay kangaroo rat 

 Dipodomys heermanni swarthi 
* 

 

 Dipodomys heermanni tularensis
* 

 



 

Dipodomys ingens *   giant kangaroo rat 
Dipodomys merriami  Merriam kangaroo rat 
 Dipodomys merriami arenivagus

* 
 

 Dipodomys merriami collinus * 
 

 
 Dipodomys merriami merriami  

 

  

  
 

  
 

 
 

 

 

 Dipodomys merriami parvus * 
 

San Bernardino kangaroo rat 
 Dipodomys merriami

trindadensis 
 

Dipodomys microps  chisel-toothed kangaroo rat 
 Dipodomys microps levipes *  
 Dipodomys microps microps * 

 
 

Dipodomys microps
occidentalis 

 

Dipodomys nitratoides *  
 Dipodomys nitratoides

brevinasus 
 short-nosed kangaroo rat 

 Dipodomys nitratoides exilis
 Dipodomys nitratoides

nitratoides 
 Tipton kangaroo rat 

Dipodomys ordii  Ord kangaroo rat 
  Dipodomys ordii columbianus

  Dipodomys ordii monoensis
Dipodomys panamintinus 
 

 Panamint kangaroo rat 
Dipodomys panamintinus
argusensis * 

 Argus Mountain kangaroo rat 

 Dipodomys panamintinus caudatus 
 Dipodomys panamintinus leucogenys 
 Dipodomys panamintinus mohavensis * 

 Dipodomys panamintinus
panamintinus * 

 Panamint kangaroo rat 

Dipodomys stephensi *   Stephens kangaroo rat 
Dipodomys venustus  narrow-faced kangaroo rat 
 Dipodomys venustus sanctiluciae

* 
 

 Dipodomys venustus venustus * Santa Cruz kangaroo rat 
Microdipodops megacephalus  dark kangaroo mouse 



 

 Microdipodops megacephalus ambiguus 
  

 
 

  

 

  
 

  

  

  

 

  

 

  

Microdipodops megacephalus
californicus 

 Sierra Valley kangaroo mouse 

 Microdipodops megacephalus oregonus 
 Microdipodops megacephalus polionotus * 

 Microdipodops pallidus 
 Microdipodops pallidus

pallidus 
 pale kangaroo mouse 

Perognathus alticola *  
 Perognathus alticola alticola 

 
white-eared pocket mouse 

Perognathus alticola
inexpectatus 

 Tehachapi pocket mouse 

Perognathus inornatus *  
 Perognathus inornatus

inornatus 
 San Joaquin pocket mouse 

Perognathus inornatus
neglectus 

 McKittrick pocket mouse 

Perognathus inornatus
psammophilus 

 Arroyo Seco pocket mouse 

Perognathus longimembris 
 Perognathus longimembris bangsi

* 
Palm Springs pocket mouse 

 Perognathus longimembris bombycinus 
 Perognathus longimembris

brevinasus * 
 Los Angeles pocket mouse 

Perognathus longimembris
internationalis 

 Jacumba pocket mouse 

 Perognathus longimembris longimembris 
 Perognathus longimembris

pacificus * 
 Pacific pocket mouse 

 Perognathus longimembris panamintinus 
 Perognathus longimembris salinensis * 
 Perognathus longimembris tularensis * 
Perognathus parvus Perognathus parvus 

mollipilosus 
 

 Perognathus parvus olivaceus
Perognathus xanthonotus *   yellow-eared pocket mouse 



 

   
  
   

 
  

 

 

  

   

  

   

   

  

Muridae  
Arborimus albipes white-footed vole
Arborimus pomo  California red tree vole 
Clethrionomys californicus  California red-backed mouse 
 Clethrionomys californicus californicus 
 Clethrionomys californicus mazama 
 Clethrionomys californicus obscurus 

 Lemmiscus curtatus 
 Lemmiscus curtatus curtatus

 
sagebrush vole

Lemmiscus curtatus
intermedius 

 sagebrush vole 

Microtus californicus 
 

 California meadow mouse 
 Microtus californicus

aestuarinus * 
 

 Microtus californicus californicus * 
 Microtus californicus constrictus

* 
 

Microtus californicus
halophilus * 

 Monterey vole 

 Microtus californicus kernensis 
* 

 

Microtus californicus
mariposae * 

 

Microtus californicus
mohavensis * 

 Mohave River vole 

Microtus californicus
paludicola * 

 

Microtus californicus
sanctidiegi 

 

Microtus californicus
sanpabloensis * 

 San Pablo vole 

 Microtus californicus scirpensis 
* 

Amargosa vole 

 Microtus californicus stephensi 
* 

south coast marsh vole 

 Microtus californicus vallicola Owens Valley vole 



 

* 
Microtus longicaudus 
 

 long-tailed meadow mouse 
 Microtus longicaudus

augusticeps 
 

   

  
  

 
  

 
  

  
  

  
 

  

  
 
  

  
  

 

 
  

 

 Microtus longicaudus bernardinus
* 

San Bernardino vole 

Microtus longicaudus
longicaudus 

 

 Microtus longicaudus sierrae
 Microtus montanus montane vole

  Microtus montanus dutcheri
 Microtus montanus montanus

 Microtus oregoni 
 Microtus oregoni adocetus
 Microtus oregoni bairdi
 Microtus oregoni oregoni

 Microtus townsendii Townsend vole
  Microtus townsendii townsendii

 Neotoma albigula white-throated woodrat
 Neotoma albigula venusta 

 
Colorado Valley wood rat 

Neotoma cinerea bushy-tailed woodrat
  Neotoma cinerea acraia

 Neotoma cinerea alticola
 Neotoma cinerea lucida
 Neotoma cinerea pulla

 Neotoma fuscipes 
 Neotoma fuscipes annectens * San Francisco dusky-footed 

woodrat 
 Neotoma fuscipes bullatior *  
 Neotoma fuscipes fuscipes *  
 Neotoma fuscipes luciana * Monterey dusky-footed 

woodrat 
  Neotoma fuscipes macrotis

 Neotoma fuscipes monochroura
 Neotoma fuscipes perplexa *  
 Neotoma fuscipes riparia * San Joaquin Valley woodrat 
 Neotoma fuscipes simple * *  



 

 Neotoma fuscipes streatori * 
 

 
Neotoma lepida desert woodrat  

 
  

 
  

 
 
  

 

 

  

  
  

 
  

  

   

  
  

 
  

   

 Neotoma lepida californica * 
 

 
 Neotoma lepida gilva
 Neotoma lepida grinnelli
 Neotoma lepida intermedia San Diego desert woodrat 

  Neotoma lepida lepida
 Neotoma lepida nevadensis
 Neotoma lepida petricola * 

 
 

Ondatra zibethica muskrat
  Ondatra zibethica bernardi

 Ondatra zibethica mergens
 Onychomys leucogaster 

 Onychomys leucogaster brevicaudus 
 Onychomys leucogaster fuscogriseus 
Onychomys torridus 
 

 southern grasshopper mouse 
 Onychomys torridus

longicaudus 
 

 Onychomys torridus pulcher
 Onychomys torridus ramona Ramona grasshopper mouse 
 Onychomys torridus tularensis 

* 
Tulare grasshopper mouse 

Peromyscus boylii 
 Peromyscus boylii boylii brush mouse

  Peromyscus boylii rowleyi
 Peromyscus californicus California mouse

 Peromyscus californicus californicus * 
 Peromyscus californicus

insignis 
 

Peromyscus crinitus canyon mouse
 Peromyscus crinitus crinitus *  
 Peromyscus crinitus stephensi

 Peromyscus eremicus cactus mouse
  Peromyscus eremicus eremicus

 Peromyscus eremicus
fraterculus 

 

Peromyscus maniculatus deer mouse



 

  

  

  

   

   

   

  

  
  

  
 

  
 

Peromyscus maniculatus
anacapae * 

 Anacapa Island deer mouse 

Peromyscus maniculatus
catalinae * 

 Catalina Island deer mouse 

Peromyscus maniculatus
clementis * 

 San Clemente deer mouse 

 Peromyscus maniculatus elusus 
* 

 

Peromyscus maniculatus
exterus * 

 

Peromyscus maniculatus
gambelii 

 

Peromyscus maniculatus
rubidus 

 

 Peromyscus maniculatus sanctaerosae * 
 Peromyscus maniculatus santacruzae * 
 Peromyscus maniculatus sonoriensis 
 Peromyscus maniculatus streatori * 

 Peromyscus truei pinyon mouse
 Peromyscus truei chlorus *  
 Peromyscus truei dyselius *  
 Peromyscus truei gilberti
 Peromyscus truei martirensis
 Peromyscus truei montipinorus 

* 
 

 Peromyscus truei sequoiensis
  Peromyscus truei truei

 Phenacomys intermedius heather vole
  Phenacomys intermedius celsus

 Phenacomys intermedius intermedius 
Reithrodontomys megalotis 
 

 western harvest mouse 
Reithrodontomys megalotis
distichlis * 

  Salinas harvest mouse 

 Reithrodontomys megalotis longicaudus 
 Reithrodontomys megalotis megalotis 
Reithrodontomys raviventris *   salt-marsh harvest mouse 
 Reithrodontomys raviventris halicoetes 



 

 Reithrodontomys raviventris raviventris 
 Sigmodon arizonae  

 
  
  

 
 

  
  

  
 
  

 
  
  

 
  

 
  

 
  

  
  

  

  

 

 Sigmodon arizonae plenus 
 

Colorado River cotton rat 
 Sigmodon hispidus 

 Sigmodon hispidus eremicus Yuma hispid cotton rat 
Zapus princeps  western jumping mouse 

  Zapus princeps curtatus
 Zapus princeps oregonus
 Zapus princeps pacificus
Zapus trinotatus  Pacific jumping mouse 
 Zapus trinotatus eureka *  
 Zapus trinotatus orarius * Pt. Reyes jumping mouse 

  Zapus trinotatus trinotatus
  

Castoridae beaver
Castor canadensis 
 Castor canadensis repentinus Sonora beaver

  Castor canadensis shastensis
 Castor canadensis subauratus

 
golden beaver

 
Erethizontidae 
Erethizon dorsatum porcupine

  Erethizon dorsatum couesi
 Erethizon dorsatum epixanthum

 Canidae 
Canis latrans coyote

  Canis latrans clepticus
 Canis latrans lestes
 Canis latrans mearnsi
 Canis latrans ochropus

 Urocyon cinereoargenteus gray fox
 Urocyon cinereoargenteus californicus 

Urocyon cinereoargenteus
scottii 

 

 Urocyon cinereoargenteus townsendi 
Urocyon littoralis *   Island gray fox 

  Urocyon littoralis catalinae



 

 Urocyon littoralis clementae  
  

  
  

  
  

 
  

 
 

  
  

  
  

  
  

  

 
  

 
  
  

 
  

 
  

 
 

  
 

  

 Urocyon littoralis dickeyi
 Urocyon littoralis littoralis
 Urocyon littoralis santacruzae
 Urocyon littoralis santarosae

 Vulpes macrotis kit fox
  Vulpes macrotis arsipus

 Vulpes macrotis macrotis
 Vulpes macrotis mutica * San Joaquin kit fox 

  Vulpes macrotis nevadensis
 Vulpes vulpes 

 Vulpes vulpes necator 
 

Sierra Nevada red fox 
  

Felidae 
Lynx rufus bobcat
 Lynx rufus baileyi
 Lynx rufus californicus
 Lynx rufus fasciatus
 Lynx rufus pallescens

 
pallid bobcat

Felis concolor mountain lion
 Felis concolor browni Yuma mountain lion 

  Felis concolor californica
 Felis concolor kaibabensis

  
Mustelidae 
Gulo gulo wolverine

  Gulo gulo luteus
 Lutra canadensis river otter

  Lutra canadensis pacifica
 Lutra canadensis sonora
  southwestern river otter 

 Martes americana 
 

marten
Martes americana
humboldtensis 

 Humboldt marten 

 Martes americana sierrae
 Martes pennanti 

 Martes pennanti pacifica Pacific fisher



 

Mephitis mephitis    
 

  
  

  
 

 
  

  

  

  

  

  

 
 

  
  

 
  

 
 

  
 

  
  

 
 

  

  
 

striped skunk
  Mephitis mephitis estor

 Mephitis mephitis holzneri
 Mephitis mephitis major
 Mephitis mephitis occidentalis

 Mustela erminea ermine
  Mustela erminea muricus

 Mustela erminea streatori
 Mustela frenata long-tailed weasel

 Mustela frenata inyoensis *  
 Mustela frenata latirostra
 Mustela frenata munda *  
 Mustela frenata nevadensis
 Mustela frenata nigriauris *  
 Mustela frenata oregonensis
 Mustela frenata pulchra *  
 Mustela frenata saturata
 Mustela frenata xanthogenys * 

 
 

Mustela vison mink
  Mustela vison aestuarina

 Mustela vison energumenos
 Spilogale putorius spotted skunk

 Spilogale putorius amphiala Channel Islands spotted skunk 
  Spilogale putorius gracilis

 Spilogale putorius phenax
 Taxidea taxus badger

  Taxidea taxus berlandieri
 Taxidea taxus jeffersonii

  
Procyonidae 
Bassariscus astutus ringtail

  Bassariscus astutus nevadensis
  Bassariscus astutus octavus

 Bassariscus astutus raptor
 Bassariscus astutus willetti *  
 Bassariscus astutus yumanensis

 Procyon lotor raccoon



 

 Procyon lotor pacificus  
  

  
 

  
   

 
 

  
  
  

 

  
  
   

  
  

  
  

  

   

  
  
  

 Procyon lotor pallidus
 Procyon lotor psora

  
Ursidae 
Ursus americanus black bear

  Ursus americanus altifrontalis
 Ursus americanus

californiensis 
  

 
Antilocapridae 
Antilocapra americana 
 

pronghorn
 Antilocapra americana

americana 
 

 
Bovidae 
Ovis canadensis bighorn sheep
 Ovis canadensis californiana California bighorn sheep 
 Ovis canadensis cremnobates Peninsula big-horned sheep 
 Ovis canadensis nelsoni 

 
Nelson big-horned sheep 
  

Cervidae 
Cervus elaphus elk
 Cervus elaphus nannodes
 Cervus elaphus roosevelti

 Odocoileus hemionus mule deer
 Odocoileus hemionus californica

* 
 

Odocoileus hemionus
columbiana 

 

 Odocoileus hemionus eremica
 Odocoileus hemionus fuliginata
 Odocoileus hemionus hemionus
 Odocoileus hemionus inyoensis 

* 
 

Odocoileus virginianis 
ochroura 

 northwestern white-tailed deer 



 

Appendix 2.  List of Expected and Potential Special Concern Taxa Sent to Selected Specialists for Recommendations and Additional Information. 
 
 

Species 

   

MSSC1
Status 

Williams 2
FWS 

 
Mammals expected to be recommended for inclusion on the updated species of concern list 

    

   

    

   
   
   

   
   
   

   
   

SHREWS AND MOLES 
 

   

Sorex lyelli, Mt. Lyell shrew X X (4) FC3C 
Sorex ornatus relictus, Buena Vista Lake shrew X X (1) FC1 
Sorex ornatus sinuosus, Suisun shrew X X (1) FC2 
Sorex ornatus willettii, Santa Catalina shrew X X (1) FC2 
Sorex vagrans halicoetes, salt marsh vagrant shrew 

 
X X (1) FC2 

Sorex vagrans paludivagus X (4)
Scapanus latimanus insularis, Angel Island mole 
 

 X (4)  

BATS 
 
Macrotus californicus, California leaf-nosed bat X X (2) FC2 
Choeronycteris mexicana, Mexican long-tongued bat X X (4) FC2 
Myotis occultus (=M. lucifugus occultus), Arizona myotis X X (1) FC2 
Myotis thysanodes thysanodes, fringed myotis   FC2 
Myotis velifer velifer, cave myotis X X (1) FC2 
Euderma maculatum, spotted bat X X (4) FC2 
Plecotus townsendii, Townsend big-eared bat X X (2) FC2 
Antrozous pallidus, pallid bat X   
Nyctinomops macrotis, big free-tailed bat X X (3) FC2 
Eumops perotis californicus, California mastiff bat 
 

X X (2) FC2 

LAGOMORPHS 
 
Brachylagus idahonensis, pygmy rabbit X X (3) FC2 
Lepus americanus tahoensis, Sierra Nevada snowshoe hare 
 

 X (3) FC2 

RODENTS 



 

    

ouse FC2 
Perognathus inornatus, San Joaquin pocket mouse   FC2 
Perognathus longimembris bangsi, Palm Springs pocket mouse X  FC2 

Aplodontia rufa phaea, Point Reyes mountain beaver X X (3) FC2 
Spermophilus tereticaudus chlorus, Palm Springs ground squirrel X X (4) FC2 
Glaucomys sabrinus californicus, San Bernardino flying squirrel X X (4) FC2 
Dipodomys merrriami parvus, San Bernardino kangaroo rat X  FC1 
Dipodomys nitratoides brevinasus, short-nosed kangaroo rat X X (3) FC2 

FC2 Perognathus alticola alticola, white-eared pocket mouse 
Perognathus alticola inexpectatus, Tehachapi pocket m

X 
X 

X (2) 
X (3) 



 

 
Perognathus longimembris brevinasus, Los Angeles pocket mouse X X (1) FC2 
Arborimus albipes, white-footed vole X X (2) FC2 
Arborimus pomo, California red tree vole X X (3) FC2 
Microtus californicus halophilus, Monterey vole  X (4)  
Microtus californicus mohavensis, Mohave River vole X X (4) FC2 
Microtus californicus stephensi, south coast marsh vole X X (4) FC2 
Neotoma fuscipes riparia, San Joaquin Valley woodrat X X (2) FC1 
Onychomys torridus ramona, southern grasshopper mouse X  FC2 
Onychomys torridus tularensis, Tulare grasshopper X  FC2 
Sigmodon arizonae plenus, Colorado River cotton rat X X (1) FC2 
Zapus trinotatus orarius, Pt. Reyes jumping mouse X X (2) FC2 
    
CARNIVORES    
    
Spilogale gracilis amphiala, Channel Islands spotted skunk X X (3) FC2 
Martes americana humboldtensis, Humboldt marten X X (4)  
Martes pennanti pacifica, Pacific fisher X X (3) FC2 
Felis concolor browni, Yuma mountain lion X X (1) FC2 
    

Mammals for which additional information is being collected 
    
SHREWS AND MOLES    
    
Sorex ornatus salarius, Salinas ornate shrew X X (4) FC2 
Sorex ornatus salicornicus, Southern California salt-marsh shrew X X (2) FC2 
Scapanus latimanus parvus, Alameda Island mole X X (4) FC2 
    
BATS    
    
Myotis ciliolabrum (=M.leibii ciliolabrum), western small-footed 
myotis  

  FC2 

Myotis yumanensis oxalis, San Joaquin myotis  X (4)  
Myotis lucifugas carissima    
Myotis lucifugas relictus, Mammoth little brown myotis  X (4) FC2 
Myotis volans, long-legged myotis   FC2 
Myotis evotis, long-eared myotis   FC2 



 

Lasiurus blossvillii teliotus (= L. borealis teliotus), western red bat    
Nyctinomops femorosaccus, pocketed free-tailed bat X X (2)  
    
LAGOMORPHS    
    
Lepus americanus klamathensis, Oregon snowshoe hare X X (3)  
    
RODENTS    
    
Spermophlus laterlis bernardinus, San Bernardino ground squirrel  X (4)  
Tamias speciosus callipeplus, Mt. Pinos chipmunk  X (4)  
Tamias speciosus speciosus, lodgepole chipmunk   FC2 
Thomomys bottae operarius, Owens Lake pocket gopher    
Dipodomys agilis fuscus, Point Conception kangaroo rat  X (4)  
Dipodomys californicus eximius, Marysville kangaroo rat X X (4) FC2 
Dipodomys californicus saxatilis, California kangaroo rat    
Dipodomys elephantinus (=D.venustus elephantinus), big-eared 
kangaroo rat 

X X (4) FC3B 

Dipodomys heermanni berkeleyensis, Berkeley kangaroo rat  X (4) FC2 
Dipodomys heermanni dixoni, Merced kangaroo rat  X (4) FC2 
Dipodomys merriami collinus   FC2 
Dipodomys panamintinus argusensis, Argus Mountain kangaroo rat  X (4)  
Dipodomys panamintinus panamintinus, Panamint kangaroo rat  X (4)  
Dipodomys venustus venustus, Santa Cruz kangaroo rat  X (4)  
Microdipodops megacephalus californicus, Sierra Valley kangaroo 
mouse 

 X (4)  

Microdipodops pallidus pallidus, pale kangaroo mouse  X (4)  
Perognathus longimembris internationalis, Jacumba pocket mouse X  FC2 
Perognathus longimembris tularensis    
Perognathus longimembris salinensis     
Perognathus xanthonotus, yellow-eared pocket mouse  X (4)  
Microtus californicus vallicola, Owens Valley vole X X (4) FC2 
Neotoma fuscipes annectens, San Francisco dusky-footed woodrat  X  FC2 
Reithrodontomys megalotis distichilis, Salinas harvest mouse  X (4)  
Reithrodontomys megalotis longicaudus, Santa Cruz harvest mouse  X (4) FC3B 
  (Santa Cruz Island population, formerly santacruzae)    
Sigmodon hispidus eremicus, Yuma hispid cotton rat X X (4) FC2 



 

Erethizon dorsatum, porcupine    
    
CARNIVORES    
    
Lutra canadensis sonora, southwestern otter X  FC2 
Spilogale gracilis gracilis, spotted skunk    
Spilogale gracilis phenax, spotted skunk    
Mustela vison, mink    
Taxidea taxus, badger  X (3)  
    
UNGULATES    
    
Odocoileus virginianis ochroura, northwestern white-tailed deer  X (4)  

 
MSSC1 , X indicates the species as a current CSC Working Species of Concern List 
Williams2 , X (1) - X (4) indicates treatment in Williams (1985) 



 

Appendix 3.  List of museums contacted for specimen records of California terrestrial mammals. 
 
Code Museum Name  
AMNH American Museum of Natural History 
CMNH Carnegie Museum of Natural History 
CAS California Academy of Sciences 
CPP California State Polytechnic University, Pomona 
CSUC* California State University, Chico 
CSUFR* California State University, Fresno 
CSUF* California State University, Fullerton 
CSUH California State University, Humboldt 
CSULB California State University, Long Beach 
CSULA California State University, Los Angeles 
CSUN California State University, Northridge 
CSUS California State University, Sacramento 
CSUSJ* California State University, San Jose 
CSUSO California State University, Sonoma 
CSLO California State University, San Luis Obispo 
CSST California State University, Stanislaus 
DMNH Denver Museum of Natural History 
DVM Death Valley Museum, Death Valley National Monument 
FMNH Field Museum of Natural History 
LACM Los Angeles County Museum of Natural History 
LSU Louisiana State University 
MSU Michigan State University 
MCZ Museum of Comparative Zoology, Harvard University  
MVZ Museum of Vertebrate Zoology, University of California, Berkeley 
MZ Museum of Zoology, University of Michigan 
NMNH National Museum of Natural History 
OC Occidental College, Moore Laboratory of Zoology 
OMNH University of Oklahoma, Museum of Natural History 
PUC Pacific Union College 
PSM* Palm Springs Desert Museum 



 

PANS Philadelphia Academy of Natural Sciences 
ROM Royal Ontario Museum 
SBCMNH* San Bernardino County Museum of Natural History*

SDMNH San Diego Museum of Natural History 
SDSU San Diego State University 
SBMNH Santa Barbara Museum of Natural History 
TAM Texas A & M University 
TTU Texas Tech University 
UOA University of Arizona, Tucson 
UCD University of California, Davis 
UCLA University of California, Los Angeles 
UCSB University of California, Santa Barbara 
UI University of Illinois, Museum of Natural History 
UK University of Kansas 
UM University of Montana, Missoula 
UNM* University of New Mexico, Museum of Southwestern Biology 
UNLV* University of Nevada, Las Vegas 
UPS University of Puget Sound, Puget Sound Museum of Natural History  
UWBM University of Washington, Burke Museum  
YM Yosemite Museum, Yosemite National Park 
 
* No specimen records received 
 


